an, MD, Prof.
Bozok ity Medicine Faculty
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Quality of Vision / Definition

. / 1. Optical system
2. Photoreceptors
3. Neural system



Quality of Vision / Negative
Impacts

Optical problems which may deteriorate
the iImage quality

Scatter
Diffraction
Aberration



What is Aberration?




What is Aberration?

Spherical wavefront Aberrated wavefront

Flat wavefront

|deal Eye Aberrated Eye

M The wave aberration is defined as the differece between the
actual aberrated wavefront and the ideal or intended wavefont.

Borm M, Wolf E. Pnnciples of Optics 1985




What is Aberration?

Common
Names

Piston <=

""ﬂ

Tip, Tilt (Prism)

Astigmatism (3, 5), Defocus (4) g;c

Coma (7, 8) Trefoil (6, 9)

Secondary Coma
(17, 18) r




What is Aberration?

= [ omventional
Refraction

—_—
|

Higher Order |
Aberrations [

Traditional

treatment
peentaloil '?e'-lrn q‘::'”n =

Customized

treatment




What is Refractive Cataract
Surgery?

Recovering some functions which have
been lost in time or innate by using
cataract surgery.

This not only corrects defocus
aberrations called myopia or hyperopia
but also corrects

Astigmatism

Spherical aberration

Presbyopia



Eyve, How Flawed ?

Helmholtz's
Comment on Evye

Now, it is not too much to say that
if an optician wanted to sell me
an instrument (the eye) which
had all these defects, | should
think myself quite justified in
blaming his carelessness in
the strongest terms and giving
him back his instrument

Hermann Ludwig Ferdinand von
Helmholtz

(1821-1894)

Helmholtz,
Berlin, Humboldt University



Limitations of Visual Function

Anatomical tilt of the eye relative to the
yptical axis : (Angle Alpha )
Horizontal: 5.2°
Vertical: 1.4°

Distance between the pupillary center and

vsisual axis (Angle Kappa)
Horizontal: 2.6°
Vertical: 0.6°

The eye is often described as being like

a camera. The aperture (the pupil)
would be aligned on the optical axis
with the lenses (the cornea and
crystalline lens) and the film (the
fovea). If the eye were a diffraction-
limited camera with the same focal
lenght and aperture size as the
human eye, our quality of vision
would be 2.5 times better than a
human eye.

tal Angle & Alpha & Ka,pa




Limitations of Visual Function

SNELLEN VISUAL ACUITY vs. PUPIL SIZE Aberrations

1

AS A FUNCTION OF DEFOCUS

e ——

— 1 e e

Pupil Size
Ideal: 3.0 - 3.2 mm

Diffraction

Holladay, ... Ophthal
Pupil Size (mm) 139?;1%:?0-?%11 i



Limitations of Visual Function

Anti-Diffraction

Diffraction




Limitations of Visual Function

© The normal human
g8, as ~ 1.25 D. of
chnlcal chromatic

; ~ aberration, between

~ red (+0.37) and blue

(-0.87) .




Limitations of Visual Function

Qlﬂ,ﬂﬂﬁ :

'3 ¥
* Trial Lenses
* Current IOLs

Prolate =1
~Indirect — i
Ophﬂwalmgqpqpe

Oblate (Frog)

Prolate. (Eagle)

Asherici uotient

Asphericity (Q)

lladay JT: Comeal topography using the Holladay diagnostic summary.
oumal of Cataract and Refractive Surgery 1997; 23: 209-221.

Q= -2.00 Severe Keratoconus,+5 D. PRK
Q= -1.00 Mild Keratoconus,+2 D. PRK

Q= -0.53 No Corneal SA
Q= -0.26 Normal

Q= 0 Spherical Cornea
Q= +1.00 -5 D. PRK

Q= +2.00 -12 D. PRK

Commaon
NHames

e
P

Piston

Tig, Tillt { Prinm)

Astigmatism (3, 5), Defocus (§) HQ‘C
u,..- L .

Coama (7, ) Tretoil (6, 9)

Sphadical Absrration (12) ¥

w-fﬁe?“ﬁf

ESecondary Coma A
(7. 1n




Limitations of Visual Function

mn‘:ﬁirrg:requemy sampling frequency  sampling frequency sampling frequency
: ; = - <
. 2 x image frequency 2 x image frequency image frequency image freq

Snellen

LR 2 L1 0 1]}

Nyquistsampling limit : Only the spatial frequencies lower
~-iml than half of the cone frequency atthe fovea can be
Kol adequately sampled.

*Photoreceptorintensity of Fovea—~120 c/deg.
*Highest Spatial Frequency that can be adequately samplec
- ~ 60 c/deg.



Limitations of Visual Function
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Accommodation (diopters)

Some of the higher order aberrations
significantly change with accommodation.

(Artal P, 1999)



Visual Optic/Compensation

Mechanisms

*w
o s » 0 b
LR E gk oy T » = . = A
. [

Darwin’s Comment on Eye

7 :|"I‘--I

-
=r To suppose that the eye with all its
iInimitable contrivances for

&7 adjusting the focus to different
o distances, for admitting different
TP & i amounts of light, and for the
— e correction of spherical and
e chromatic aberration, could have
- Vi e been formed by natural selection,
i seems, | freely confess, absurd in
the highest degree.

-

Charles Darwin

(1809 -1882) Charles Darwin, The Origin of Species, Chapter 6 “Organs of
Extreme Perfection and Complication”



Visual Optic/Compensation
Mechanisms

Although optical aberrations
Increase as the pupil gets
larger, eye has a defense
mechanism to decrease
them. "Stiles-Crawford effect
which weighs peripheral light
rays as less important for
vision than central rays,
therefore the effect of these
aberrations on the quality of
vision reduces.




Visual Optic/Compensation
Mechanisms

Axial Chromatic Aberration

Single Lens

mmmms 450nm

s 550NM
= e = 650Nnm

Forming by prismatically
fragmentation of white light,
chroma is an important visual
blurring factor.

In spite of that we do not see
chromatic rainbows around
objects or light sources.
Because some higher order
aberrations in our visual

system balance out them.
(McLellan PS,et al. 2002 )



Visual Optic/Compensation
Mechanisms

Young crystalline lens has Old crystalline lens has
negative spherical aberration positive spherical aberration

Young crystalline lens Old crystallinelens increases
compensates for spherical spherical aberration of the eye
aberrationof cornea



Visual Optic/Compensation
Mechanisms

SA of Eye Increases with AGE

0.8000

—Comea
—Lens
0.6000 Ew

Age (years)
Cornea Lens Total
SA SA SA
(Q=-0,26)
20 vy. +0,27 pm -0,27 pm 0
40 y. +0.27 pm 0 +0,27 pm
60 y. +0,27 pm +0,13 pm | +0,40 pm

Average D-P images
middle old

— Lab Ouotica UJ Murcia

young

. L

Retinal image quality decreases with age

(Guirao, Gonzdlez, Redondo, Geraghty, Norrby, Artal. 10VS, 1999)

3



Visual Optic/Compensation

Mechanisms

The angle kappa, the 5,2° tilt of the eye, induces
coma, a distortion that causes a point of light to
appear as a comet-shaped image. Because
coma exists in both eyes, the distortion is
duplicated as a mirror image in each eye. Our
brains have learned over time that a coma
iImage with its tail in opposite directions in two
eyes should be a point. The brain can eliminate
the tail and still achieve depth perception, using
Panum’s area to achieve binocular fusion.

That reminds us the importance of maintaining
the binocular vision during various surgical or
clinical approaches.



Visual Optic/Compensation
Mechanisms

SR ———— Artal P. et al. J Vis 2001; 1: 1-8.

Both wave aberrations of cornea and
Internal optics and complete eye

aberrations were measured one by one
In the study.

e e B e S e s . A S L ——

P
e —————

B e ey —— v —

cornea

Corneal + Internal optics aberrations
> Total eye aberrations

©
=
(.
Q
=]
IE i

Result: The aberrations of internal
optics compensate in part of the
corneal aberrations.




Correction of Spherical
Aberrations

— o

AMO-Tecnis -0.27 pm
Alcon -Acrysof IQ -0.20 pm

VSY —-AcrivalD -0.165 um
PhyslOL-FineVision MicroF -0.11 pum

Alcon -Restor -0.10 pm

B&L —Akreos and Sofport O pum

AnadoluTip-Focus Force 0O pum



Correction of Spherical
Aberrations

Belluci et al. J Refract Surg 2004; 20: 297-306

Optical Zone 4 mm 6 mm
Spherical Aberration
AMO Tecnis Z 9000 0 0,6 um
AMO 911 Edge 0,2 um 0,8 um
AcrySof SAGOAT 0,4 um 0,6 um
AcrySof MAGOBM 0,5 um 0,8 um
Sensar AR40 0,3 um 0,6 um




Correction of Spherical
Aberrations

Padmanabhan et al. J Refract Surg 2006; 22: 172-
177

Optical Zone; 6 mMm
Spherical Aberration
AMO Tecnis Z 9000 0,0/ £0,12 um
AcrySof MAGOBM 0,29 £0,21 um

Sensar AR40 0,20+ 0,09 um




Correction of Spherical
Aberrations

Takmaz T, Geng |, Yildiz Y, Can |. Ocular wavefront analysis and

contrast sensitivity in eyes implanted with AcrySof |IQ or AcrySof Natural
Intraocular lenses. Acta Ophthalmol 2009; 87: 759-7/63.

60 eyes of the 60 patients; AcrySof Naturale (n:30), AcrySof |Q (n:30)

Corneal Spherical Aberration AcrySof Naturale AcrySof [Q
0,273+0,074 pm 0,294+0,086 um
Total Spherical Aberration 0,362+0,141 um 0,069+0,043 um

Significant contrast sensitivity difference
in favor of AcrySof [Q
Photopic conditions; 6 cpd
Mesopic; 6 ve 18 cpd =
Mezopic + glare; 6,12,18 cpd L



Correction of Spherical
Aberrations

Negative effects of
decentralization and tilt have

known even with conventional
|OLs.

Aspheric |OLs should be
centralized in 0.4 mm and
shouldn’'t show tilt over 7°. If not
they may produce much more

higher order aberrations.
Akkin C et al. Doc Ophthalmol , 1994;87: 199-209.

Mutlu FM et al. Ophthalmologica, 1998; 212; 359-63. Holladay JT et al. J Refract Surg 2002; 18: 683-9.
Hayashi et al. Ophthalmology, 1997; 104; 793-8.

Wang et al. Arch Ophthalmol, 2005; 123; 1226-30.

One of the drawbacks of SA
decreasing is focal length loss.
This may affect near vision.

Markos et al. J Cataract Refract Surg. 2005; 21: 223-
35

Nio et al. Ophthalmic Physiol 2002; 22: 103-12.




Correction of Astigmatism

Common
Names

Piston -

Tip, Tilt (Prism) -—-;‘ -—--
Astigmatism (3, 5), Defocus m - ?.c :E
Coma (7, 8) Trefoil (6, 9) \%ﬂb&x

v =~ Comventional

Orcer RS
Spherical Aberation (12) :’éﬁmwgﬁ% - -f:h__{f;.-::-’ : [ -t

Secondary Coma Vg e, NGBS A o e
(17, 18) %\F@ ."ﬁ‘ \ o : koY (berrac

gussdraloil hql-‘ul‘-;n.a'::ﬂ; N




Correction of Astigmatism

4540 Cataract Patients

80%

64.4%

60%

40%

22.2%

20%

0%

None 0.25-1.25 D. >1.50 D.

Ferrer-Blasco T et al. Prevalence of corneal astigmatism before cataract
surgery. J Cataract Refract Surg 2009; 35:70-75.



Correction of Astigmatism

Vision without astigmatism I

. -_—

S —

Vision with astigmatism 1.5D cyl @ 90

Vision with astigmatism 3.0D cyl @ 30

2.0 D astigmatism



Correction of Astigmatism

*Spectacles
*Contact Lenses

-Astigmatic Keratotomy *What you might do to correct
«Corneal Relaxing Incisions astigmatism during cataract surgery.
«Limbal Relaxing Incisions (LRI)  Surgery with steep axis (on-K)

*Toric IOLs entrance

*Phacic / Pseudophacic
*Anterior / Posterior Chamber

*Corneal Incisions
*Relaxing limbal incisions

lenses
*Excimer Laser *Astigmatic keratotomy
PRK * Torik IOL ©
| asik
o| asek

*Bioptics



Correction of Astigmatism

Indications for Toric IOL Surgery

® Patients with 0.75 D. and
higher corneal astigmatism

® Regular astigmatism patients
with flat and steep meridians
are 90" with each other in
manual keratometry. W

® Patients with bowtie or
wedge type regular
astigmatism in cornedadl
fopography.
® Patients had uneventful
surgery.
> Flawless centralized CCC
> Intact posterior capsule Shimizu K, Misawa A, Suzuki Y. Toric

> Inthe bag |IOL placement infraocular lenses: correcting
astigmatism while controlling axis

shift. J Cataract Refract Surg
1994; 20:523-6.

Not a Recommended Candidate
EiThAIR G 1

Yl mmonssew  |meguiar astigmatism

o Bl aoanein




Correction of Astigmatism
Toric IOLs @\ 4

STAAR Surgical ( Monrovia, CA) ﬁjﬁgg 15

Microsil
MS6116TU / T-Y
Torica s/s

T-Flex 573T
T-Flex 623T

Acrysof Toric
SN60T3-9

Acrysof 1Q Toric
SNO6AT2-9

Carl Zeiss Meditec (Ber, Ger) AT Torbi 709 M

Acriva UD Toric T
UDM611

Dr. Schmidt, Humanoptics
(Erl, Ger)

Rayner Surgical ( Hove, UK)

Alcon ( Fort Worth, Tx,USA)

VSY Biotechnologies ( Ist, Tur)




Correction of Astigmatism

Toric IOL

Staar Toric

Author
Year

Schimuzu
(1994)

Eye
(n:)

Follow-

up
(max.)

Rotational
Stability

44.6% " 30°
55.3% > 30°

Surgical
Reop.
(%)

Residual

Astigmatism

(D.)

Uncorrected
VA

Corrected
VA

100% > 20/40
7% > 2025

Ruhswurm
(1999)

18.9% " 25°
100% " 30°

0.84 +0.63

18.9 % >20/20
67.5% >20/40

S4% >20/20
91.8% >20/40

Sun
(2000)

75% * 20°
18 % 20-40°

1.03£0.79

84% >20/40
69% >20/20

Till
(2002)

62% " §5°
27%" 5-15°

66% >20/40
45%, =20/30

96 % >20/40
85% >20/30

Chang
(2003)

72%" 5°
90% " 10°
98%“ 15°
2% = 20°

092087

7% >20/20

-

32% >20/20
92% >20/40

Alcon
Acrysof
SNGOTT

Mendicute
(2008)

96% " 10°
3.3%" 12°

-0.72+£0.34

93.3% >20/40
66.6% >20/25

100% >20725

Zuberbuhler
(2008)

95%" 5
68% " 2°

0.01%0.11
logMAR

Dr Schmidt
Microsil /

Humanoptics

I Torica

Dick
(2006)

85% " 5°
15% >5°

1.12+09

68 % >20/40
12% >20/20

85% >20/40
3% >20/20

De Silva
(2006)

100% * 15°
90% “10°

123209

0.23+0.24
logMAR

0.230.22
logMAR

Acri.comfort
646 TLC

Alio
(2010)

95% 5°

0451063

065+0.22
Decimal

085+£0.15
Decimal




Correction of Astigmatism

Visser N. et al.
J Cataract Refract Surg
2011; 37: 1403-1410.

SN60T 6-9, 67 eyes/45 patients
Follow: ~6.3 mo., ~ 3.43 D. £0.95

UDVA 0.61 +0.26
20/ 40 4 83%
20/ 30 4 50%

CDVA 0.81 +0.21
Residual <0.75 D. 62%

refractive <1.00 D. 81%
cylinder

~ |OL rotation 3.2 + 2.8 degree

Alio JL et al.
J Cataract Refract Surg
2010; 36:44-52

AcriComfort 646 TLC , 21
eyes, ~ Follow: 3 mo, ~3.73
D £1.79

0.65 + 0.22
20/ 40 ¢+ 76%

0.85+ 0.15
-0.45 + 0.63

1.75 £ 2.93 degree

Entabi M et al.
J Cataract Refract Surg
2011; 37:235-240.

T-Flex 623T, 23 eyes/ 25
patients, Follow: 4 mo.,
~3.35 D *1.20

0.52
20/ 40 4 70%

0.65
-0.95 +0.66

3.4 degree




Correction of Presbyopia

That do not divide
the light

Diffractive Optics

‘Refractive Optics




Correction of Presbyopia

Advantages
v Higher vision quality
(No Contrast Sensitivity Loss)
v" No night symptoms
v Continuous accommodation range

ACCOINIiivuan v
IOL Group




Correction of Presbyopia

Diffractive Multifocal IOLs o v

Restor +4
Restor 1Q
Restor |Q +3

Abbott Medical Optics Inc. (AMO) Tecnis Multifocal
(Santa Ana, CA, USA) 1Piece

FocusForce
ReVision

Carl Zeiss Meditec (Ber, Ger) AT Lisa

Alcon ( Fort Worth, Tx,USA)

Anadolu Tip ( Sivas, Tur)

VSY Biotechnologies ( Ist, Tur) Acriva Reviol

PhysIOL (Liege, Bel) FineVision Micro F




Correction of Presbyopia

Visual Outcomes with Multifocal (Diffractive or Hibrid)
IOLs

1

0,8 '—M

0,6

0.4 |

0,2

Near Intermediate Far



Correction of Presbyopia

Table & Postopemstive visusl aculty, refraction, snd spectacle ndeperdenoe & 3 months.

Distance Visual Acuities

Farumeter Geoup 1 FValee

Miean mecsmooular U LD .

izl 080 + Q14 1.7 :

LM AR 010 + 007 T & Lk .
Mean oo LDVA & 8D 05

Dieciznal 09 + b I

LemgMLAR a0 + o
Mean monooular CDVA £ 5D 02

[t o E B

LoghdAR = : MorooulsrUOVA, - Bnocela UDVA  Monooula COVA
biean masnooular URVA = SD

Jarier E = Aoriiima resp W Kevicd Seoup

LogM AR T
Mean binocalar LB VA £ SD

. : i hoa
i Near Visual Acuities

Lme

bl & 1

0.0 - 1,2

L - - . 14

: ¥ 0. 1,6

Mean binocdar LTVA £ S0 ) ) . Y 18

1LAR
hiean masnooular DOIVA & 5D Monocular UNVA  Binocular UNYA  Monoculer DORVA

B

B A Lk Gioug (W Rindcl Groug
Mo an SF melfraction (TH

M af cosfeeal todcaty® (1

H B

Intermediate Visual Acuities

733
& (200 i1’ Jaeger
Il pew-derice | ) |
Far it

'3 ny¥ i _— %
Mieand £ 5D 3.5
LT = apawal corsaml thichmrm TDVA = sometad deans vl sty DEVA = dopso-armmed mermedar vl soay, DONYVA = dases 3
o bad Barar vimsel sully, S = sphervsl equ aieel A = urvorecied deeter voual swy, LTV A = wroswrd mlrmediale vaal scuily,
LW A = wicomnedted nesr visosl sty 15
arrulated brrsinmariy d
trat 4

Chiaomuer b
ntwrraly ngnife o Monacular UNVA Bimasoular LUINA Monocular DONA

B AcrillisaGroup W Reviol Group

Can |, Bostanci Ceran B., Soyugelen G, Takmaz T. Comparison of clinical outcomes with 2 small incision diffractive
multifocal intraocular lenses. J Cataract Refract Surg. 2012 Jan; 36: 60-67.



Correction of Presbyopia

CSV-1000 Contrast Sensitivity . CEV-1000 Contrast Sensitivity

3 18 a3
Spatial Frequency —(Cyciesa Per Degres) Spatial Frequency —(Cyclea Per Dagres)

@------- AcriLisa +— Reviol @------- AcriLisa +— Reviol

Can |, Bostanci Ceran B, Soyugelen G, Takmaz T. Comparison of clinical outcomes with 2 small incision diffractive
multifocal intraocular lenses. J Cataract Refract Surg. 2012 Jan; 38: 60-67.



Conclusion

Today
Defocus (Refractive Errors)
Spherical Aberration
Astigmatism
Presbyopia

Future
Customized IOL

Thanks



