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Our goals :Our goals :

WeWe wantwant to to improveimprove ourour resultsresults
NotNot onlyonly in in termsterms ofof VA, but VA, but alsoalso in in termsterms ofof
qualityquality ofof visionvision
HowHow cancan wewe do do thisthis??
BetterBetter microkeratomesmicrokeratomes, new lasers, , new lasers, wellwell--trainedtrained
surgeons, surgeons, improvementimprovement ofof postpost--opop treatmentstreatments,…          ,…          
andand new new algorithmsalgorithms ??
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AlgorithmAlgorithm factorfactor

ImproveImprove thethe treatmenttreatment itselfitself: : --3 3 ofof X X isis notnot
necessarilynecessarily --3 3 ofof YY
PersonalizePersonalize treatmenttreatment
ImproveImprove VA VA withoutwithout inducinginducing new new higherhigher orderorder
aberrations aberrations overover allall physiologicphysiologic pupilpupil sizessizes
ImproveImprove qualityquality ofof visionvision
PossibilityPossibility to help to help peoplepeople withwith thinthin corneascorneas, large , large 
pupilspupils, , highhigh ametropiaametropia
RedoRedo on on previousprevious unhappyunhappy patientspatients
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PitfallsPitfalls ofof AberrometryAberrometry

UnderstandingUnderstanding aberrometryaberrometry
New New terminologyterminology
GettingGetting usedused to to thethe new new devicesdevices
Have Have someonesomeone dedicateddedicated to to thethe examsexams
PerfectPerfect position position ofof thethe patientpatient
TrackerTracker +  iris recognition+  iris recognition
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UnderstandingUnderstanding &  &  TerminologyTerminology

TopographyTopography measuresmeasures thethe corneacornea (surface (surface ofof thethe
eyeeye))
AberrometryAberrometry measuresmeasures surface surface ofof thethe eyeeye +  +  
«« insideinside thethe eyeeye »»
HOW ?HOW ?
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CCD-Image

Reconstruction of wavefront by CCD-image Zernike
coefficient

WavefrontWavefront analyseanalyse
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HartmannHartmann--Shack Shack WavefrontWavefront MeasurementMeasurement

Perfect Eye

Aberrated Eye

C. of Williams Lab - CVS
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Wave  Aberration  of  a  SurfaceWave  Aberration  of  a  Surface

C. of Austin Roorda

3 D 2 D
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The shape of the wavefront is depicted in Zernike
coefficient, each shape describes a deformation
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Zernike Modes
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Point Spread Function (PSF)Point Spread Function (PSF)

Point Spread Function:Point Spread Function: is the representation of an is the representation of an 
optical system of a punctual and distant light source    optical system of a punctual and distant light source    
( star in the sky( star in the sky))

C. of Austin Roorda

Airy Disc
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1 mm 2 mm 3 mm 4 mm

5 mm 6 mm 7 mm

Point Spread Function vs. Pupil SizePoint Spread Function vs. Pupil Size
Perfect EyePerfect Eye

C. of Austin Roorda
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Point Spread Function vs. Pupil SizePoint Spread Function vs. Pupil Size
Typical EyeTypical Eye

C. of Austin Roorda

1 mm 2 mm 3 mm 4 mm

5 mm 6 mm 7 mm
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Wave 
Aberration

Pointspread
Function 

Retinal 
Image

0.5 deg

Perfect eye
(diffraction limited) MRB GYY MAK

Each eye has different patterns of High Each eye has different patterns of High 
Order Aberrations.Order Aberrations.

C. of Williams Lab - CVS

5.7 mm pupil
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RMSRMS

RMS (Root Mean Square)RMS (Root Mean Square)

1)  Zernike-RMS
2)  WF-RMS

RMS is similar to a Standard Variation against ideal situation. 

Ideally 1) all Zernikes are zero or 2) WF is zero / a plane.

RMS is used instead of an average value, because 1) Zernike 
coefficients and 2) WF   both have positive and negative portions.

.              
1) Zernike-RMS = √ 1/n * ∑(ai)2

where ai = Zernike-coefficients

2) WF-RMS : 
per definition the average height of 
WF over full size is zero.
WF-RMS: Square the WF-function. 
The average height of WF 2 over full 
size is the WF-RMS.

WF

WF2

WF2

WF

Area ∝ WF-RMS



BSCRS
2004

Bernard  Mathys, MD

5.7 mm pupil

Coma Trefoil Spherical Aberration C. of Williams Lab – CVS and Ian G. Cox
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WavefrontWavefront AnalysisAnalysis & & CustomizedCustomized
AblationsAblations

OrdinaryOrdinary refractionrefraction = correction = correction overover thethe entrance entrance 
ofof thethe pupilpupil
WavefrontWavefront analysisanalysis = correction = correction atat eacheach point point 
measuredmeasured overover thethe pupilpupil
TscherningTscherning aberrometeraberrometer measuresmeasures ingoingingoing opticsoptics
HartmannHartmann--ShackShack measuresmeasures outgoingoutgoing opticsoptics
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WavefrontWavefront mapsmaps

InterpretingInterpreting isis difficultdifficult
ModifiedModified by by lubricationlubrication, , cataractcataract, , pupilpupil dilation,…dilation,…
2 important 2 important factorsfactors relatedrelated to to pupilpupil sizesize::

–– SizeSize ofof thethe pupilpupil: : thethe more more dilateddilated, , thethe more more wewe analyzeanalyze
–– CycloplegiaCycloplegia: : thethe higherhigher orderorder aberrations aberrations maymay change change thethe

spherosphero--cylindercylinder readingsreadings afterafter pupillarypupillary dilation; dilation; eyeseyes withwith
higherhigher values values ofof higherhigher--orderorder aberrations aberrations wouldwould have have lowerlower
values values ofof spheresphere andand cylindercylinder readingsreadings


