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Depth of field

= amount of distance between nearest and farthest objects
that appear in acceptably sharp focus in a photograph.
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Depth of field = 3 FACTORS
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PHOTOGRAPHY

Depth of field » 3 FACTORS :
@ DIAPHRAGM of the opening lens : \« APERTURE

How aperture controls depth of field

f/5.6 f/11 f/16 f/22
<«—— Less depth of ﬁeld More depth of field —>

g gN - -

The aperture you use is the main factor in dictating how much of the scene
appears pin-sharp. The narrower the aperture opening (and the larger the
f/number) the more of the image will be in focus - and vice versa!
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@ DIAPHRAGM of the opening lens: \x APERTURE
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PHOTOGRAPHY

Depth of field = 3 FACTORS

@ DIAPHRAGM of the opening lens: \x APERTURE
(@ SHOOTING DISTANCE : greater
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PHOTOGRAPHY

Depth of field © 3 FACTORS :

@ DIAPHRAGM of the opening lens : \x» APERTURE
@ SHOOTING DISTANCE : greater
(@ LENS FOCAL LENGTH: shorter

> Deeper DOF (background > foreground)




EYE

Depth of field © 3 FACTORS :
@ DIAPHRAGM < PUPIL DIAMETER

@ SHOOTING DISTANCE <> ACCOMMODATION

(3 LENS FOCAL LENGTH < OPTICAL ABERRATIONS,
ANTERIOR CHAMBER DEPTH

& AXIAL LENGTH
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CONVERGING

LENS PRESBYOPIA
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FURTHEST CLOSEST
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THE QUESTIONS

What are the correlations between
depth of field,

and in presbyopic patients ?

Which aberrations are particularly involved
in an extended depth of field ?

Can we refine an eye model for corneal
multifocality ?



THE CONSEQUENCES

Given a particular patient’s
and
is it possible to predict his effective depth of field ?

By inducing a change in the patient’s corneal WF
(with customised excimer laser treatment),
is it possible to increase his net depth of field ?



STUDY DESIGN
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1. THE DEFOCUS CURVE

« Best spectacle correction (BCVA)

placed in the trial frame (Nidek Smart
Refractor RT-5100)

- Trial lenses ranging in power from
+1D to -2.5 D added serially in front of
each eye, decreasing in 0.25 steps.

 Distance vision recorded for each set
of trial lenses, in mono and binocular.




1. THE DEFOCUS CURVE

Patient #1 BEL...., 55 years
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. THE DEFOCUS CURVE

Patient #2 VO...., 55 years
® VA OR R VAOS @ VABIno
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. THE DEFOCUS CURVE

Patient #2 VO...., 55 years
® VA OR ® VA OS ® VA BIno
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2, THE WAVEFRONT ANALYSIS




THE WAVEFRONT ANALYSIS

y

OPD SCAN 11l - NIDEK



2, THE WAVEFRONT ANALYSIS

2. Reception of the exiting signal by a microlens array



2, THE WAVEFRONT ANALYSIS
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3. Focus on a digital sensor from the microlens array
© “fragmentation” of the wavefront



2, THE WAVEFRONT ANALYSIS




2. THE WAVEFRONT ANALYSIS

5. Mathematical integration for a 3D plotting of the WF.
(decomposition using Zernike polynomials)



12/11/2013 14:47
NIDEK FaR Ver.1.05.51
006152 Physician
Name Technician
ExamNo 1 Date 12/11/2013 15:03 Comment Diagnosis
0.03@ 90 WF/Corn/Tot 0.03@9 | | R Zernike/OPD Z:7.04 O:

Pwr: 45.101(7.48)
Dist: 0.00@ 0°

iston
1_Tilt
2.Tilt
3.Astigm...
4.Defocus
5.Astigm...
6.Trefoil
7.Coma
8.Coma
9. Trefoil
10.Tetrafoil
11.Astiqg...
12.Spheri...
13.Astiqg...
14.Tetrafoil
15.Pentaf...

21.Hexafoil
22.Tetrafoil
23.Astiqg...
24. Spharl
25.Astig

26. Tetrafoll
27.Hexafoil

-0.40 0.00 0.40 0.8(

0.03@9% /| | R

Classifier

HRS

0.0%

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

oTH |

0% 25%

1 1
50% 75% 1009
Similarity




NIDEK Vor 10881

006152 Physician

Name Technician
ExamNo 1 Date 12/11/2013 15:03 Comment Diagnosis

WF/Corn/Tot 0.03@ 90 R Zernike/OPD Z:7.04 O:
Total -0.80 -0.40 0.00 0.40 0.8C

iston
1_Tilt
2.Tilt
3.Astigm...
4.Defocus
5.Astigm...
6.Trefoil
7.Coma
8.Coma
9. Trefoil
10.Tetrafoil
11.Astiqg...
12.Spheri...
13.Astiqg...
14.Tetrafoil
15.Pentaf...

0.03@ 90

21.Hexafoil
22.Tetrafoil

24. Spharl
25.Astig

25 Tetrafoll

27.Hexafoil

WF/Corn/HO 0.03@ 90 R Classifier

Pwr: 45.101(7.48)
Dist: 0.00@ 0°

NRM | 0.0%
st |
KCS 10.0%
KC 10.0%
PMD 0.0%
PKP | 0.0%
MRS |0.0%
HRS [0.0%

-

o g 0% 25% 50% 75% 1009
WF_erroiglovs) 3yt e Similarity
Zone S 7A0ImmEQnd erdEme




2, THE WAVEFRONT ANALYSIS

ROOT MEAN SQUARE

WE “Best fit WF”
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12/11/2013 14:47
FOR 1
NIDEK 0 Ver.1.05.51
ID 006152 Physician
Name Technician
ExamNo 1 Date 12/11/2013 15:03 | Comment Diagnosis
L Axial 0.03@270 L WF/Corn/Tot 0.03@270 L Zernike/OPD Z:5620:6
=5 . : Total -0.80 -0.40 _ 0.00 0.40 0.80
0.360
600 350
$575 300
4550 250
] i
44-75 45.09 100
438
e A A B
el ] 43.54 :150
4325 ‘ 44,94 w
- Q\ 03 50 '_'}'\
: 157 : $2-Regafol
| {3.53 : ggip:};rl
Norm . 58 _Adj -1k 00 : LDSHG....
Indv 25 ST | [ com'so pE error RIS RH000@ o | | 35:Fesrafol iy
K WF/Corn/HO 0.03@270 L Classifier .
i et
129 AST [0.0%
ool KCS [0.0%
2 KC [0.0%
§§ PMD |0.0%
080 PKP |0.0%
; =y MRS [0.0%
- HRS |0.0%
; ot [ . .
Adj A IWF error: 0 e e Sir?l{i:igbrity 75% 100%
Com .25 Com .20 Zone:: 5.6. mm e B




12/11/2013 14:47
R
NIDEK FOR 1 Ver.1.05.51
ID 006152 Physician
Name Technician
ExamNo 1 Date 12/11/2013 15:03 | Comment Diagnosis
L Axial 0.03@270 L WF/Corn/Tot 0.03@270 L Zernike/OPD Z2:5620:6
== @ | s B Total ~0.40  0.00 0.40 0.80
'm ' 350
575 300
4550 250
4525 200
42?5 ' 45.09 :ﬁ
o 3.8
e o R s
el 4458 4354 :150
425 4 44.94 M
. M \% 03 o 2
: o 4357 5 T A
| 43.63 : ggip:};rl
Norm . 44 58 _Adj -1k 00 : LDSHG....
Indv 25 ST | [ com'so pE error RIS RH000@ o | | 35:Fesrafol o5
K WF/Corn/HO 0.03@270 L Classifier
o vey |
199 AST (0.0%
L KCS |0.0%
2 KC |0.0%
§§ PMD |0.0%
080 PKP |0.0%
, w || MRS |0.0%
0 HRS |0.0%
: ot N . .
Adj Al leiror ‘ 0% 25% 50% 75%  100%
Com 25 com 20 L¥EF error ;70! \ Similarity

Zone: 56 mm'C
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2. THE WAVEFRONT ANALYSIS

ZERNIKE POLYNOMIALS

Piston: Z(0,0)
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4
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Tilt: Z(1,-1) THe: Z(1,1)
] - v
Astigmatism: Z(2,-2) Defocus: Z(2,0) Astigmatism: Z(2,2)
A A o~ 2
Trefoil: Z(3,-3) Coma:Z(3,-1) Coma: Z(3,1) Trefoil: Z(3,3)
” f A
p . \ ba {
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Tetrafoil: Z(4,-4) Astigmatism: Z(4,-2) Spherical: Z(4,0) Astigmatism: Z(4,2) Tetrafoil: Z(4,4)
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Tetrafoil: 2(6,4) Hexafoil: 2(6,6)
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Hexafoil: 2(6,-6) Tetrafoil: 2(6,-4) Astigmatism: Z(6,-2) Spherical: Z(6,0) Astigmatism: Z(6,2)




3. THE PUPILLOMETRY

WAVELIGHT ALLEGRO > MESOPIC PUPIL SIZE
TOPOLYZER 2

C> PHOTOPIC PUPIL SIZE

Z> PUPILLARY SHIFT



5 WAVELIGHT - ALLEGRO TOPOLYZER VARIO
*atient Examen Affichage Parametres T-CAT Divers

Nom: Date ex.: [12.11.13 N°® ID: [
Neéfe) le:  |18.03.58 Oeil: |Droit Heure ex.: {15:06:47 Notes: |Pupil Center Shift

-Small pupil: — Supér ﬂ"i.
Moy.: 3.72mm
Minimum: 3.49mm
x: -0.20mm
- -0.13mm

Dist. to Apex:0.24mm

~Pupil Center Shift:
Interpolated: 0.18mm [2-7mm)]
Measured: 0.10mm

Temporal
-1.6 -1.2 -0.8 -0. - 00 0.4 0.8 1.2 1.6

“Wide pupil:
Moy.: 6.52mm
Maximum: 6.B1mm
X <0.30mm
Y. -0.16mm

Dist. to Apex:0.34mm Inférieur

[ Autoscale




@) WAVELIGHT - ALLEGRO TOPOLYZER VARIO
Patient Examen Affichage Paramétres T-CAT  Divers

Nom: H Date ex.:. [1211.13 N* ID: |
Néfe] le:  |18.03.58 Oeil: |Gauche Heure ex.: [15:08:16 Notes: |Pupil Center Shift

-Small pupil:
Moy.. 3. 44mm
Minimum: 3.26mm
o 0.19mm
¥: -0.13mm
Dist. to Apex:0.23mm

Supéﬂeué

~Pupil Center Shift:
Interpolated: 0.32mm [2-7mm)]
Measured: 0.13mm

Temporal |
2 1.

“Wide pupil:
Moy.: 5.45mm
Maximum: 5.72mm
b 0.31mm
¥ -0.09mm
Dist. to Apex:0.33mm

Inférieur

[ Autoscale

1.2
0.8

0.0

-0.4

-0.8

M W & 1 ;M = 20

1.2




WAVELIGHT - ALLEGRO TOPOLYZER VARIO
Patient Examen Affichage Paramétres T-CAT Diwvers

we: T Date ex: [0BATA3 N
[Pupil Center Shift

Néfe) le:  [20.12.61 Oeil: |Droit Heure ex.: |14:04:37 Notes:

-Small pupil: " | Supérieut
Moy.: 2.05mm
Minimum: 1.88mm
P -0.19mm
N -3.80mm

Dist. to Apex:3.80mm

~Pupil Center Shift:
Interpolated: 5.13mm [2-7mm)]
Measured: 2.29mm

Temporal
-38 -2.

-Wide pupil:
Moy.: 4.27mm
Maximum: 4.54mm
X -0.26mm
% s -1.52mm
Dist. to Apex:1.54mm

Inférieur

[~ Autoscale Pupil Center Shift > 400pm Pupildiameter difference > 12%

=Ji61

0 10 ' 20 30 | 40 50 ‘ 60



WAVELIGHT - ALLEGRO TOPOLYZER VARIO

Pabent Examen Affichage Paramétres

Néfe) le:  [20.12.61

T-CAT Divers

Oeil: |Gauche

~-Small pupil:
Moy.: 1.93mm
Minimum: 1.76mm
X: -0.01mm
YA -0.38mm
Dist. to Apex:0.38mm

~Pupil Center Shift:

Interpolated: 0.74mm [2-7mm)
Measured: 0.30mm

-Wide pupil:
Moy.: 3.92mm
Maximum: 4.19mm
X 0.17mm
S -0.15mm
Dist. to Apex:0.23mm

Date ex.: |08.11.13 N° ID: |
Heure ex.: |14:06:09 Notes: |Pupil Center Shift

Supérieur

Temporal

2 1

Inférieur

I Autoscale

1 5
".v

Pupil Center Shift > 400pm Pupildiameter difference > 12%

16 9 |

1.2 8

0.8 7 |

0.4 6

0.0 5 W W\Av WMNM— W_«\A\f‘\ ~ - - M'A_ WW
N AR A : AT AT e A R s s

0.8 3 \ ; ] — | 25

' ! ] N = T _———

1.6 1 f ’ i f f »
0 10 20 30 40 50 60




3. THE PUPILLOMETRY

Mesopic pupil size in a refractive surgery population (13959 eyes).
- Iinke SJ, Baviera J, Katz T. - Optom Vis Sci. 2012 Aug ; 89(8) : 1156-64

Mesopic pupil size = 6.45 +0.82 mm (mean age 36.07 years).
5.96 £ 0.8 mm in hyperopic astigmatism,
mn{f)n hic xastigmatism,
yopic astigmatism.



http://www.ncbi.nlm.nih.gov/pubmed?term=Kobashi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22179219
http://www.ncbi.nlm.nih.gov/pubmed?term=Kamiya%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22179219
http://www.ncbi.nlm.nih.gov/pubmed?term=Ishikawa%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22179219
http://www.ncbi.nlm.nih.gov/pubmed?term=Shimizu%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22179219

4. THE OPTICAL BIOMETER




| LS al® LLLENE b B

Yy YW YS v W L

SNILLEN Y

Operator: MIKAFI GLIFDI .
Right AL Left
Eye Type: Phakic Eye Type: Phakic
AL SNR AL SNR AL SNR AL SNR
23. 44 mm 18.5 23. 59 mm 15. 5
23.42 mm 17.5 23. 60 mm 18.0
23. 44 mm 16.5 23. 53 mm 16. 8
23. 45 mm 14. 4 23. 52 mm 17.7
23. 44 mm 16. 2 23. 60 mm 19. 2
I
Addition: 23.44 mm 22. 1 Addition: . 23.60 mm 22.6
O O
14 40 14 40
KM
Ref. Index: 1.3375
KM Mire K CYL K1 K2 Axis KM Mire K CYL K1 K2 Axis
$2.4 mm 44.58 D - 1.12D 44.06 D 45.18D 152 ° |¢2.4 mm 44.23 D - 0.87D 43.83 D 44.70 D 5 °
3.3 mm 44.35D -0.99D 43.89D 44.8D 169 ° |[¢3.3 mm 44.23 D -1.04D 43.72D 44.76 D 5 °
ACD/CCT

CCT: 531 um

ACD: 3.68 mm




ISCUSSION




DISCUSSION

 Performing the clinical (defocus curve) and
instrumental examinations (Topolyzer pupillometer,
OPD-scan-lll, optical biometer) = complex task.

. Launching of an prospective study : results and
statistics to be completed within the next trimesters

» Time-consuming measurements +++

- Medical and scientific activity often mixed in the lab
(for better or for worse) : the unit clinical activity
often restricted access to the measuring
equipment for research activities...



Trade-off between positive spherical aberrations

and diffraction

POSITIVE
SPHERICAL
ABERRATIONS
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