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Abstract
Keratoconus (KCN) is a non-inflammatory, progressive thinning process

of the cornea. It is considered one of the advanced biomechanical changes on
the corneal surface, and methods of treatment in late cases are special designed
contact lenses or surgical intervention. The objective of this paper is to customize
the standard eyeglass lens in a way so that it fits with the abnormal shape and
changes of the surface of the cornea of a patient suffering from KCN disease.

The proposed method here, based on manual scratching of the
external surface of the standard eyeglass lens under supervising of an expert
optometrist, where this method is considered as a less expensive and safer.
Retrospectively, a nine cases measured before in Al-Amal Center, Baghdad,
Irag and diagnosed with KCN severity using topographical mapping.

A zero-lens was assigned to each patient and it was scratched using CC2000
scratch paper. Then the thickness of the lens was measured before and after
scratching in the center of the lens and in four different locations of the topography
map with dial gage indicators. After that, the results were compared between the
manually scratched lens and the topography map of each patient and evaluate the
extent of the match between them. The results of this study are that two types of
samples were isolated, in the first type the measurements are close between the
topography maps of the patient and the measurements on a regular basis from the
side of the behavior of the surface with a difference (0.059 - 0.94)

As for the second type, points were obtained that moved away from
the real behavior of the photographic image, then it was necessary to isolate
it and use the values next to it.

Keywords: Refractive error (RE), Keratoconus (KCN), Pentacam,
Topography Maps.
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1 - Introduction
One of the most prevalent eye conditions in children and adolescents

and a major global public health problem is refractive error (RE). According to
reports, RE is to blame for 42% of vision impairments worldwide [1]. Children
who are exposed to RE may experience pathologic ocular changes like myopic
macular degeneration and retinal detachment, which could resultinirreversible
blindness. In addition, RE has a significant impact on children's psychosocial
well-being, which may have an adverse effect on their educational outcomes
and educational opportunities. When the eye's shape prevents light from
concentrating directly on the retina, refractive errors arise. Refractive errors
can be brought on by changes in the cornea's shape, age of the lens, or the
length of the eyeball (longer or shorter). [2]. the three types of refractive error
are myopia, hyperopia, and astigmatism. Light rays from an object at infinity
are focused in front of the retina in myopia and behind the retina in hyperopia,
but they do not focus at a single spot in astigmatism due of differences in the
cornea's or lens's curvature at various meridians [3].

Eye disorders are regarded as a serious health issue. The eye condition KCN
causes the cornea to gradually curve, changing its symmetrical dome shape to an
asymmetric cone. This condition is accompanied by blurred vision due to irregular
astigmatism [4]. It results in decreased visual acuity and a change in spectacles.
While there are numerous tools available to aid in the diagnosis of KCN, Pentacam
is one of the most effective ones since it can provide readings and maps that show
the condition of the cornea [5]. The four refractive maps, which are made up of
four maps, are the maps that aid in the detection of KCN (Sagittal, Pachymetry,
Elevation front and Elevation back maps). Each map provides a number of

factors, which can be retrieved individually or together in a single image. The
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ophthalmologists will then make the final determination after reviewing all of
the components that were collected from the four refractive maps [6]. In some
abnormal cases the biomechanical of the cornea distorted in a way that the corneal
shape becameirregular with a vision lose, due to the KCN diseases. Surgical options
for KCN aim to alter the disease's natural course and improve vision, whereas
non-surgical options aim to improve vision without causing damage to the ocular
surface. In the majority of patients with keratoconus, contact lenses and glasses
are the standard non-surgical treatment for vision rehabilitation. Treatment also
incorporates cutting-edge surgical procedures like anterior lamellar keratoplasty,
corneal cross-linking (CXL), intra-stromal rings and refractive lens exchange of
intraocular lens implantation. Today, there is widespread agreement that contact
lenses play the most significant role in KCN patients' visual rehabilitation [7].
Since contact lenses alter the ocular surface even in non-keratcounus individuals,
the application of contact lenses for KCN patients ought to focus primarily on
improving visual acuity without jeopardizing the health of the cornea and ocular
surface [8]. The practitioner must select a lens fitting that does not compromise
the health of the anterior ocular surface, despite the patient's need for clear
vision and comfort with the lens. As a result, the procedure frequently takes a
long time and is challenging for both the patient and the eye doctor. Because of
the way KCN is treated with long-term contact lenses.

Inadditiontotheseverity of the KCN, the patient's visual needs, comfort,
and contact lens tolerance are taken into consideration when selecting
a pair of lenses. Large diameter RGP lenses, scleral lenses, hybrid lenses,
and keratcounus-specific soft lenses are just a few of the contact lens options
available to patients with corneal irregularities thanks to recent advancements

in design and features. According to new data, hybrid lenses, special design
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contact lenses, and new design scleral lenses offer superior comfort and visual
acuity to conventional RGPs(rigid gas permeable lenses) [9, 10].

In the present study, an eyeglass with no lens power on it used to
compensate the abnormality of the corneal surface for patient with KCN. To
do this scratching for the outer surface of the Plano lens is done manually
under supervising of an expert optometrist. The scratched area selected
from the topographical imaging of patients measured on Al Amal center,
Baghdad, Irag. Nine images from different nine cases are selected after

consulting ophthalmologist.

2 - Materials and Methods

In this study, glasses were manufactured for patients with keratoconus
(KCN) using the manual method, first step was Preparation of the sample
(lenses) which is zero convex lens, 2mm thickness and 60mm diameter.
Second step is Collect the topography map for the patient using pentacam,
as shown in Figure (1).

Corneal topography produces many results in graphical and parametric
shape. The most important reference graph is the 4 — refractive maps, which
considered as the golden standard for the clinical diagnosis of corneal conditions.
Third step scratched the sample according to topography maps for the patient
using scratching paper CC 2000, final step was measuring the thickness of the
sample before and after scratching using dial gage indicators in the center of
lenses andinthe four different positions that change according to the topography
maps for each patient and these points have been selected on the steep and felt
axes intersection with contour of 6mm as shown in Figure (2). Then comparing

the results of manual work with the results of corneal topography and evaluation
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the similarity ratio between them by using different equation (linear, polynomial

2nd degree, polynomial 3rd degree, logarithm, exponential). Depending on the

result obtained from this equations and calculation the polynomial 2nd degree

was the best choice in terms of matching between manual measurements and

topography maps for patient. To evaluate the resulted scratched lenses, the

below procedure of work have been followed:

1.

Under supervising of the ophthalmologist a four nodes on each
image has been selected well, to be the most dominated points on
the surface of the KCN patient.

The sagittal map (for each case) has been printed out on a transparent
paper (with scale of 1:2) and finally paste it on the outer surface of
Plano power lens, under supervising of an optometrist.

According to the rules followed by optometrist to prepare lens for
patient glass the scratched surface is the inner surface of the lens.
The four selected points on the upper topography map as
mentioned on point 1, have been reselected of the pasted paper
to be guide of work during the manual scraping.

The depth per color on the topographical images are guided as on
the original scale of the right hand side of each images.

After the manual scratching of the lenses a measurement for the final
product have been done both manually using (dial gage indicators)
and back to the topography to evaluate the final resulted lens.

For comparison and to evaluate the accuracy of the procedure
done the four selected nodes as mentioned in point 4 have been
checked both manually and topographically and the differences

have been studied.
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Fig. 1: The topography maps for the patients
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Fig. 3: Picture before scratching
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Table (1) Represent, samples were taken (zero lenses) and the thickness of the lens was
measured before and after scratching in the center of the lenses and in 4 different
positions of the topography which is changes according to each patient.

No. No. of Picture after Thickness in Thickness in Thickness in the shape
scratch scratching center of bowtie
sample
1 time 25 1.967 1.976 First point:1.941

Second point:1.949
Third point:1.976
Fourth point:1.844
2 time 20 1.926 1.921 First point:1.907
Second point:1.778

Third point:1.849

Fourth point:1.913

3 time 15 2.173 2.173 First point:2.177
Second point:2.107

Third point:2.043

Fourth point:2.072

aq time 30 1.879 1.856 First point:1.885
Second point:1.987

Third point:2.011

Fourth point:1.891

6 time 20 2.186 2.186 First point:2.103
Second point:2.145

Third point:2.177

Fourth point:2.107

7 time 25 2.059 2.059 First point:1.961
Second point:1.999

Third point:2.09

Fourth point:2.153

8 time 15 2.141 2.141 First point:2.205
Second point:2.106

Third point:2.141

Fourth point:2.057

9 time 35 1.962 1.903 First point:1.983
- Second point:1.83
‘ Third point:1.878

Fourth point:2.005

Table (2) Thickness before and after scratching
Hint: thickness of eye glasses lenses before scratching 2.049
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3 - Results and Discussion
The case studies used in the present work, have been collected,

retrospectively, from patients measured and diagnosed by an ophthalmologist
from Al-Amal Center, Baghdad Iraq. Each one of them undergoes number
of measurements including: objective and subjective refraction errors
assessment, and corneal topography using Pentacam device (Oculus GmbH,
Wetzlar, Germany). The medical history records have been ethically approved
to be used in our study from the center under the supervising of the chief
ophthalmologist of the center. The interesting images collected from the
topographer include the sagittal curvature maps for each 9 cases selected.

To check the results a comparison between the manual and

topographical procedure have been done (as mentioned on the procedure
of work previously). The relationship between these two groups of
measurements have been plotted on an x-y coordinate system and find the
best curve fitting function for both measurements with the same degree of
complexity.

In general, and based on above procedure a group of four relations

have been recognized here, these groups are:

1. Cases number 2,5, 6,8 and 9 shows very good agreement in shape
and trend behavior. That looks both with simple drift difference
where the topographical measurements always more than the
manual measurements once with increments ranged as (0.279,
0.958,0.212,0.172 and 0.196). Also, it is true to say that the overall
behaviors of the cases are more relax in changes that their slope
are close to the horizon. Clinically this good agreement comes

from the truth that the cases here are with a dominated one-part
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bowtie steepening either on the inferior part of the eye as in cases
(2, 5 and 9) or superiorly in case 8, while case 6 is the only case
with temporal steepening. Although there is difference in
steepening positions but still we can some etiological effect of the
KCN of the other part of the eye that finally give an optical semi-
balanced for the final visual acuity.

2. Case number 1 shows a typical sensitive drift for the difference
between the two methods. In such type of drift, two edges are
specified. A leading edge on the right, where the difference close
to zero (such as in point 1 to the right of the curves) and tail edge
on the left, where the difference in its maximum value. Still the
manual measurements here parallel to the horizon (and considered
as reference) while the topographical measurement have an angle
of (25¢) with the reference measurement. The bowtie shape here
is totally on the inferior part of the eye and causing an elevation on
this part of the eye more than the posterior side that the
topographical system measures it as a coma toward the superior.
This imbalance between the quarters present such condition of
measurements.

3. Cases 3 and 4, backs with difference fluctuated on the middle
points more than on points 1 and 4, where these two points
(1 and 4) still have good agreement with each other’s.

4. Case number 7 shows a typical sensitive drift for the difference
between the two methods. The bowtie shape here is abnormal

and sever with oblique position of 19.8° astigmatism
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5. the manual measurements converge the topographical at point (1)
with simple offset A=0.059 and then gradually move away in the
point (4) with an offset A=0.17 To evaluate the extent of the match
between the manual measurements of lenses and topography
maps of the patients that was obtained from pentacam for each
case. The polynomial 2nd degree equations were used to draw the
curves as shown in Figs.4, 5, 6, 7, The blue curve represent the
manual measurements, whilethered onerepresent the topography
measurements and according to behaviors of the curve the cases
categories into four groups, 1st group included case 2, 5, 6, 8 and

9 as shown in Fig. 4 (a, b, c, d, e).
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According to first group: Back to the shape of the curve , simply
change has been observe in the curve after point 3.Results here shows very
good agreement between manual measurement and topography that the

change in two curves here show identical slope.
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According to second group: included only one (case 1) as shown in
Fig 5, this case been diagnosed as keratoconus with sever steeping on the
inferior part away from contact of cornea. Results here Shows very good
agreement between measurement and topography with offset A=0.27.and
the shape of the curve shows gradually and smooth variation start from

point 1 to 4 with a total slop of 25¢
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According to third group: included case 3 and case 4 as shown in
Fig. 6(a,b), in the case 3 the patient Clinically has been an abnormal and

sever bowtie with oblique position of 42¢ astigmatism(from the table left
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of the topography map), but the case 4 has been diagnosed as keratoconus
with sever steeping on the inferior part away from contact of cornea. Back
to the shape of curve the differences between two curves appears mostly in
points 2 and 3 .While the start and end points 1 and 4 are more close and

same in behavior as in case 1 and 2.

= Wavelight \~ivr a1t mARmA A~ e
WAVELIGHT - ALLEGRO OCULYZER

y.=-0.0229x? 394;!053x +1.0069 1200 y=19.0057x% + 0.0126x + 1.0927
z& 6 1008 1.098 1150 | | 4100 N\RESOSSIAN
1053 62 1100 ) m_—ﬂ\rwc\ﬁ
1.028 1.050 3 953
\ y 1.050 \m___mn
1000 100 g
y =0.0121x? - 0.0789x + 1.1314 0950 0950 y=0.0121x2-0.0789x + 1.1314
R%=0.9622 0900  0.900 R2=0.9622
4 3 2 1 1 2 3 4

= Normalized Measured Normalized Measured

= Normalized Topo Normalized Topo
———Poly. (Normalized Measured) ———Poly. (Normalized Measured)

———Poly. (Normalized Topo) ———Poly. (Normalized Topo)

Fig. 6a (case3)

\E139 /



‘ Al-Esraa University College Journal for Engineering Sciences Vol.(5), No.(7)-2023

Z Wavelight , ~, yr

WAVELIGHT - ALLEGRO OCULYZER

L1

é =

1.316 y = -2E-15x2 +1R0239x + 1.1962

R R TR e
981

0.923 NN R 0.920

y =-0.0271x2 + 0.1375x + 0.808

R?=0.9828
4 3 2 1
= Normalized Measured = Normalized Topo
Poly. (Normalized Measured) =——Poly. (Normalized Topo)

According to fourth group: included case 7 as shown in Fig. 7, clinically
the patient has been an abnormal and sever bowtie with oblique position
of 19.8° astigmatism (from the table left of the topography map). The two
curve (measurement and topography) converge at point (1) with simple offset

A=0.059 and then gradually move away in the point (4) with an offset A=0.17
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4 - conclusion

Manual method can be used to treat the vision problem of a patient with
keratoconus by scratching the eye glasses lenses according the topography
maps of the patient. The polynomial 2nd degree equation was the best choice
in terms of matching between manual measurements and topography maps
for patient ,that was achieved from a set of equations (linear, polynomial
2nd degree, polynomial 3rd degree, logarithm,exponational),depending on
the results from this equation curves were drawn representing manual and
topography measurements.

The cases were classified into four groups according to the behavior of
the curves (manual and topography), which the first group includes 5 cases,
second group includes one case, third group includes two cases, and the
fourth group includes one case.

After studying and analyzing all cases according to its behavior, it
was found that the second group (which includes case No. 1), was showing
the best and agreement between manual and topography measurements

obtained.
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