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Age Group Percentage With Cataracts
s0-54 [ 5.2%

55-59 9.1%

60-64 [ 15.4%

65-69 24.7%

7074 [ 36.5%
75-79 49.5%

so+ | ss.3%
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For data analysis,

the world is divided { S
into seven regions
based on geographic

location and country

GDP. CENTRAL EUROPE,

EASTERN EUROPE &
CENTRAL ASIA

GOUNTRY

Moldovia 977 | 2014
Romania 1,361 2009
Serbia 2,478 | 2009
NORTH AFRICA & ) Bulgaria 4,616 | 2009
MIDDLE EAST Lithuania | 4,670 | 2009
- Latvia 5,673 | 2009
GOUNTRY 6SA VEAR Czechia 7.800 | 2009
Afghanistan 977 | 2014 Hungary 8,372 | 2014
Oman 1,361 | 2009
Saudi Arabia | 2,478 | 2009
Kuwait 4616 | 2009
Sudan 4670 | 2009
Egypt 5673 | 2009
Pakistan 7,800 | 2009 SERIUL ERET Sl
N 8372 | 2014 1 EAST ASIA & OCEANIA

SOUTH ASIA EBNRTRT

Papua New Guinea 196 2014

Micronesia 531 2014

EESNIRY S58 EEAN Timor-Leste 784 2014

SUB-SAHARAN AFRICA Bangladesh 1,193 2014 Laos 888 2014

Maldives 1,441 | 2014 Mongolia 1068 | 2014

Bhutan 1553 | 2015 Malaysia 1,397 | 2014

GOSEINY 5N i Myanmar 1,978 2015 Chin: 1,402 2015

Cote D’ lvoire 150 2014 | Tanzania 518 2010 Nepal 4,364 2015 Indonesla 1,411 2014

DR Congo 157 2010 | Malawi 523 2010 India 4,830 2014 Phillippines 1,485 2014

Liberia 157 2014 | Guinea 535 2014 Sri Lanka 5,386 2015 Solomon Islands 1,601 2012

Uganda 192 2010 | Benin 578 2014 Cambodia 1,844 2015

South Sudan 240 2010 | Zimbabwe 631 2014 Kirabati 2,185 2014

Burundi 247 2014 | Cameroon 686 2014 Vietnam 2,435 2014

Nigeria 317 2015 | Zambia 690 2014 Singapore 2,627 2014

Mozambique 333 2015 Niger 708 2014 Thailand 3,102 2015
Madagascar 358 2014 Ghana 710 2014
Sierra Leone 409 2015 | Mali 807 2015
Togo 429 2014 | South Africa 847 2015
Ethipoia 434 2010 | Lesotho 937 2014
Senegal 472 2014 Botswana 1,490 2015
Rwanda 483 2015 Mauritius 4,604 2016

Kenya 494 2014

-
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Global cataract targets

Cataract |
operations \
(millions) 157

|

o : - — .
1995 2000 2010 2020
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Optical Aberrations before and after Wavefront
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Old Lingo
Sphere g
Myopia
Hyperopia
‘Regular .
Astigmatism’ {Cyllnder
~ This is how we thought of

—

aberrations back in the day
Any component
of refractive error

‘Irregular that could not be
Astigmatism’ remediated with
spherical and/or
cylindrical lenses
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—
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e s LY G805 el (S Y ) cilile g3 AlSEa Jag Aagal) Agaly st ple ola
Gall GlId Ao Calialy caliite yae zyaS Tl et CulS A Sadiy ille )l e IS Cadaal

(19,18 Jal) lile o 5l Liagh s Lidyiian

Old Lingo New Lingo
(from wavefront analysis)
Sphere = Defocus
Myopia = Positive defocus "
Hyperopia = » Negative defocus Lower-order
Aberrations’
‘Regular . o .
Astigmatism’ {Cyhnder Cylinder )
Spherical
aberration
Any component
of refractive error
‘Irregular that could notbe _ _ i ‘Higher-order
Astigmatism’ | remediated with Trefoil Aberrations’
spherical and/or
cylindrical lenses (Others, less
clinically relevant)
Aagal) dgaly Julad gedh aay @lild g3 it (18)Jsal)
Defocus Astigmatism Coma

Total wavefront
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:Aberrations
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After tear film
break-up




:ABaat) jhd aa clils gl Ade-2
iy d il clile g3l ABle e ciiay 3 bl (e Sae (oyal daaldl cilyidl e
5-2 Om osbi Adaa e (S e Juail L Ayl (685 sasaud) (el G ¢(21 00 A
iy L ¢Diffraction ¢ suall z 1yl 5als Cugan 32y ale 2 (e Jal Zdaal) jlad ()5, Laiad ¢ale
Oles )l Sisam gy ke 5 e ST Al 6K Lo Jliallys RSl sl san b Ll
William Neil  glalés o) alulig 4u))s < yells (Spherical Aberration(SA) (s5,<1
bl s ale 2 e JAY) Cliaal) as dypad) sasall glaaiil iyl () f Charman
Oleali e ) JSy Jsgsall 52 (5,81 Ol g3 may d8aadl el alaa) e Laiy ¢z 1Y)

[63]162][6 1148 L 2L e A clile 30 3 of Laadd (i edppaad) 5250))

—_
N

' Shack Hartmann Methods Iglesias et al, 1998
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Liang et al, 1994

Liang and Williams, 1997
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Analysis according to the Fritz Zernike Classification
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[551(25,24 ) bile 5 50 Lagia Ll DUiai 2384 ((230<2)Fritz Zernike

How quick are we to learn, that is, to imitate what
others have done or thought before. And how
slow to understand, that is, to see the deeper
connections. Slowest of all, however, are we in

inventing new connections or even applying old
ideas in a new field.

(Frits Zernike)
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*LOWER-ORDER ABERRATIONS” IN THE ZERNIKE
CLASSIFICATION
7} ~_— Piston: constant wavefront error: no effect
2! 7/ Tilt : deviation of the WF propagation with
- ‘ ’ respect to measurement axis: coefficient should be ¢
—— " tozero incoaxial wavefront sensing fechniques
4 S
22.2 zzo ZZZ
£fH *, _ Defocus (sphericaland
N 0.0 > oylindrical/astigmatism):
Oblgue Myopic ~ With or against* the rule Correlates with spectacle refraction
astigmatism or astigmatism
hyperopic*
defocus

* Depending on the sign of the weighting coefficient
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Third order aberrations

Y AN ! ’-. Astigmatism

i A 4 ‘ - n=2m=+/-2
@i |
» (. .) Coma
|- & i ‘ -

n=3m=+/-1

! o e
i" @ Spherical aberration

n=4m=0
For 3@ order aberrations, n + m = 4

These are dominant errors due to mis-alignment and mounting
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Yesterday! —optical imperfection
and aberrations -»Only theory

\

No clinical practice

Today! — laser refractive surgery
—> potential for correction
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Higher-order aberrations

6 -3  (Oblique) trefoil Imaging anomalies V8 sin(3a)
with threefold
symmetry
7 —1  Primary (vertical) Image asymmetry and s/§(3ri — 2r)sin«a
coma vertical shift of image
8 1  Primary (horizontal) Image asymmetry and V8(3r — 2r)cos a
coma horizontal shift of
image
9 3  (Horizontal) trefoil Imaging anomalies V8 cos(3a)
with threefold
symmetry
10 —4  (Oblique) quatrefoil Imaging anomalies V' 10r* sinf4a)
with fourfold
symmetry
11 —2  Secondary {oblique) Orientation-dependent  /10(4r* — 3r?) sin(2a)
astigmatism shift and degradation
of focus
12 0  Primary spherical Blurring dependingon  /5(67* = 672 + 1)
aberration pupil zone
13 2 Secondary Orientation-dependent  /10(4r* — 3r?) cos(2a)
(with/against the rule) shift and degradation
astigmatism of focus
14 4  (Horizontal) quatrefoil  Imaging anomalies V10r* cos(da)

with fourfold
symmetry
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0.02 0.05 0.03 0.10 0.10 0.00 0.04 -0.11 0.08 0.21 1.15 0.01 0.42 0.42 0.30 3
0.03 0.06 0.05 0.03 0.03 0.02 0.27 0.23 0.23 0.45 0.55 0.17 0.66 0.65 0.25 4
0.08 0.10 0.09 0.09 0.09 0.09 0.32 0.31 0.34 0.51 0.65 0.27 0.32 0.32 0.39 5
0.06 0.07 0.07 0.08 0.07 0.07 0.34 0.34 0.31 0.58 0.61 0.53 0.24 0.24 0.11 6
021 | 022 | 030 | 030 | 030 | 030 | 036 | 036 | 032 | 087 | 099 | 072 | 051 | 050 | 048 | 7
0.05 0.05 0.03 0.05 0.06 0.05 0.27 0.28 0.27 0.41 0.49 0.31 0.63 0.62 0.54 8
0.07 0.08 0.07 0.14 0.10 0.14 0.38 0.35 0.40 0.88 0.89 0.43 0.01 0.01 0.13 9
0.05 0.06 0.06 0.07 0.05 0.08 0.36 0.35 0.36 0.87 0.97 0.50 0.33 0.25 0.22 10
0.09 0.11 0.09 0.21 0.23 0.20 0.35 0.20 0.31 0.28 0.30 0.28 0.26 0.16 0.13 11
0.08 0.09 0.08 0.02 0.03 0.01 0.24 0.32 0.23 0.42 0.42 0.32 0.68 0.65 0.62 12
0.08 0.10 0.09 0.07 0.08 0.07 0.31 0.23 0.31 0.71 0.98 0.63 0.46 0.46 0.42 13
0.05 0.06 0.06 0.09 0.09 0.10 0.24 0.22 0.25 0.38 0.46 0.32 0.07 0.04 0.04 14
0.11 0.14 0.12 0.24 0.24 0.25 0.39 0.35 0.32 0.47 0.48 0.42 0.33 0.31 0.20 15
0.07 0.08 0.07 0.04 0.04 0.07 0.45 0.40 0.32 0.45 0.45 0.33 0.31 0.29 0.25 16
0.09 0.04 0.02 0.08 0.08 0.09 0.22 0.15 0.29 0.49 0.50 0.41 0.37 0.37 0.25 17
0.07 0.09 0.08 0.05 0.05 0.08 0.34 0.31 0.31 0.53 0.54 0.52 0.17 0.16 0.16 18
0.08 0.09 0.08 0.10 0.09 0.09 0.27 0.25 0.25 0.71 0.79 0.49 0.74 0.72 0.57 19
0.18 0.20 0.20 0.01 0.01 0.00 0.35 0.33 0.32 0.29 0.49 0.11 0.35 0.34 0.35 20
0.14 0.18 0.16 0.05 0.05 0.05 0.38 0.36 0.39 0.55 0.58 0.51 0.15 0.14 0.23 21
0.07 0.03 0.00 0.07 0.03 0.07 0.10 -0.07 0.11 0.22 0.23 0.01 0.49 0.49 0.18 22
0.12 0.16 0.13 0.09 0.09 0.08 0.18 0.16 0.15 0.30 0.32 0.24 0.30 0.30 0.29 23
0.06 0.07 0.06 0.14 0.14 0.14 0.36 0.34 0.38 0.21 0.15 0.20 0.47 0.45 0.42 24
0.06 0.08 0.07 0.05 0.05 0.06 0.30 0.30 0.25 0.38 0.71 0.21 0.41 0.40 0.16 25
0.07 0.08 0.08 0.23 0.19 0.25 0.32 0.31 0.29 0.55 0.68 0.47 0.40 0.40 0.37 26
0.20 0.46 0.46 0.28 0.10 0.33 0.67 0.59 0.61 1.46 1.55 1.41 0.83 0.82 0.89 27
0.14 0.05 0.03 0.15 0.16 0.14 0.28 0.27 0.29 0.61 0.65 0.44 0.70 0.69 0.67 28
0.17 0.21 0.18 0.12 0.13 0.12 0.29 0.28 0.29 0.29 0.15 0.62 0.29 0.29 0.28 29
0.10 0.13 0.11 0.10 0.10 0.10 0.32 0.31 0.29 0.60 0.65 0.52 0.29 0.30 0.20 30
0.07 0.08 0.07 0.11 0.11 0.11 0.35 0.32 0.31 0.20 0.22 0.19 0.43 0.42 0.39 31
0.20 0.20 0.21 0.59 0.79 0.33 0.38 0.37 0.37 1.01 1.15 0.99 0.30 0.30 0.36 32
0.06 0.07 0.06 0.09 0.09 0.07 0.35 0.34 0.35 0.69 0.75 0.43 0.52 0.52 0.37 33
0.31 0.42 0.42 0.32 0.32 0.34 0.07 0.06 0.08 1.13 1.25 0.97 1.55 1.50 1.48 34
0.22 0.30 0.31 0.23 0.23 0.24 0.35 0.33 0.32 0.25 0.49 0.20 0.60 0.60 0.58 35
0.13 0.17 0.15 0.08 0.09 0.11 0.11 0.10 0.11 0.64 0.79 0.59 0.27 0.22 0.25 36
0.12 0.16 0.14 0.07 0.07 0.08 0.22 0.21 0.28 0.55 0.60 0.31 0.39 0.39 0.33 37
0.05 0.06 0.05 0.01 0.02 0.01 0.15 0.20 0.04 1.40 2.16 0.43 0.36 0.34 0.14 38
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Abstract

Background: In recent years, the adoption of ocular wavefront measurement
in clinical ophthalmology has moved cataract surgery towards refractive
surgery where different types of lenses have been designed that can modify
the most common corneal high—order aberrations. The goal of cataract surgery
is no longer only to restore visual acuity, but also achieving the best quality of
vision, and since cataract surgery includes a direct intervention through the
cornea to extract the cataract, the researchers went to study the effect of the
different dimensions and locations of the corneal incision on the corneal high-
order aberrations to take a pre—conceived idea of what these aberrations will

lead to after cataract surgery and to choose a suitable prosthetic lens for that.

Objectives: Study the effect of ultrasonic phacoemulsification surgery through
a superior 3.2 mm clear corneal incision on corneal high—order aberrations in
patients that have “With the rule” astigmatism and “Against the rule”

astigmatism separately.

Materials and methods: A prospective, randomized, interventional study
involving 76 eyes of 76 age-related cataract patients admitted to the
ophthalmological division of Al-Mouwasat University Hospital in Damascus
from September 2020 to January 2022. Where a comprehensive
ophthalmological examination was performed, and then a corneal topography
was performed using Sirius device within a week before ultrasonic
phacoemulsification surgery was performed through a superior 3.2 mm clear
corneal incision, one month and six months later to study the effect of this
surgery on corneal high order aberrations up to seventh order, for the central

6.0—-mm zone, then data were collected and analyzed statistically.

Abstract



Results: We found that the normal mean value of spherical aberration in
middle—aged and elderly cataract patients in the Syrian community was (.29 +
0.10 um and that ultrasound phacoemulsification surgery through a superior
3.2 mm clear corneal incision caused a statistically significant increase in
Trefoil aberration without other aberrations up to the seventh order of Zernike
classification when the corneal astigmatism was “With The Rule”, while this
surgery when the corneal astigmatism was “Against The Rule” lead to a
statistically significant increase in the Trefoil aberration, coma aberration and

Spherical aberration.

Conclusion: We conclude that it is necessary to study the existing corneal
Spherical aberration before surgery and adopt it without change when
choosing the negative spherical aberration intraocular lens that modified
positive corneal Spherical aberration without taking into account the changes
caused by ultrasound phacoemulsification surgery with a superior 3.2 mm
clear corneal incision in evaluate the spherical aberration of the cornea only

when the vertical axis of the cornea is the most convex.

Keywords: High order aberrations, Spherical aberration, Coma aberration,

Trefoil aberration, Phacoemulsification.
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