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EvolutionEvolution of of AlignmentAlignment SystemsSystems

•• ManualManual adjustmentadjustment of patient’s head
•• SuctionSuction ringring
• First eye-tracker system: surgeonsurgeon identificationidentification of the 

pupil center (Chiron)
•• AutomaticAutomatic identificationidentification of pupil center (Nidek)
•• TrackingTracking of of pupilpupil centercenter with high speed movements

(Autonomus)
•• TrackingTracking of of cyclotorsioncyclotorsion movementsmovements (Torsion Error 

Detector - TED): iris pattern iris pattern identificationidentification (Nidek, 
Visex)



ParametersParameters
•• GeometricalGeometrical cornealcorneal centercenter
•• OpticalOptical axisaxis ((theoreticaltheoretical) ) line line betweenbetween anterioranterior

vertexvertex (pole) of the cornea (pole) of the cornea toto posteriorposterior pole of the pole of the eyeeye
–– defineddefined byby geometricgeometric centerscenters of the of the twotwo lenseslenses of of 
the the eyeeye

•• Visual Visual axisaxis: line : line betweenbetween the the foveafovea and the and the fixationfixation
objectobject ((itit goesgoes through through lenslens and and cornealcorneal nodalnodal pointspoints))

•• Line of Line of sightsight (LOS): line (LOS): line betweenbetween the center of the the center of the 
entranceentrance pupilpupil and the and the fixationfixation objectobject

•• PupillaryPupillary axisaxis: line : line perpendicularperpendicular toto the cornea, the cornea, itit
goesgoes through through pupilpupil centercenter



AxesAxes of the of the eyeeye

Optical Axis
(theoretical) FOVEA

Line of Sight (LOS) Visual Axis



Coaxially sighted corneal reflex (depends on the 
position of the light source!)

NT

Geometrical corneal center (Optical Axis)
Entrance pupil center (LOS)
Visual axis



OPD measures onOPD measures on
VISUAL  AXISVISUAL  AXIS !!

Eye Tracking Eye Tracking SyetemSyetem
follows  L O S !follows  L O S !

ConflictConflict: Centration on : Centration on 
LINE OF SIGHTLINE OF SIGHT oror VISUAL AXISVISUAL AXIS ??



Line of Sight Line of Sight 
(Pupil Center)(Pupil Center)

Visual Visual AxisAxis

80% pts Kappa @ < 0.3 mm
20% pts Kappa @ > 0.3 mm

Angle Angle KappaKappa ::distancedistance
betweenbetween the the PupilPupil
Center and the visual Center and the visual 
axisaxis



Illumination: 
10-12 cd/m2

Illumination: 
100-150 cd/m2

PUPILLOMETRYPUPILLOMETRY

Mesopic Photopic

PupillometryPupillometry measuresmeasures pupilpupil diameterdiameter variationvariation
and and itsits importanceimportance on on refractiverefractive examinationexamination

NasallyNasally and and superiorlysuperiorly motionmotion of of pupilpupil centroidcentroid ericeric
donnenfelddonnenfeld



DilationDilation: : PupilPupil Center Center ShiftShift

Distance between the
2 pupil centers (M – P)

Pupil Diameter

Indexes

Much more o



Visual 
axis
(fovea-
fixation
object)

Pupil
center/LOS

(Photopic or
Mesopic)

PUPILLOMETRY
Pupil dynamics



OffsetSOffsetS::differencedifference betweenbetween photopicphotopic and and mesopicmesopic
fixationfixation (the (the brightbright cornealcorneal reflex reflex spotsspots serve serve asas

referencereference pointspoints whenwhen matchingmatching bothboth imagesimages. The . The 
amountamount of of translationtranslation neededneeded toto match match bothboth imagesimages isis
calledcalled OffsetsOffsets and can and can bebe anan indicatorindicator forfor bad bad fixationfixation; ; 

itit isis color color codedcoded greengreen--yellowyellow--redred forfor goodgood--oror--badbad



PupilPupil diameterdiameter and and LOSLOS
varyvary whenwhen the pt the pt lookslooks toto
anan objectobject locatedlocated nearnear or or 

at at distancedistance

Laser Laser FixationFixation Target Target correspondscorresponds toto infinityinfinity



•• IsIs itit a a conflictconflict or a or a measurementmeasurement difficultydifficulty
•• WhichWhich of the of the twotwo givesgives usus the best the best resultresult??
•• PossiblePossible inductioninduction of Comaof Coma
•• NeedNeed toto analyzeanalyze the the distancedistance betweenbetween center of center of 

MesopicMesopic and and PhotopicPhotopic pupilpupil

ConflictConflict::
LINE OF SIGHTLINE OF SIGHT OR OR VISUAL AXISVISUAL AXIS ??

MeasurementMeasurement systsyst Laser Laser alignmentalignment systsyst

PupilVisual axis



PROs of Visual Axis Centration

• Physiologic formation of the retinal image
(fovea – fixation object)

• Reduction of decentered treatment currently
avoided through wide optical zones

• Prolate or aspheric surfaces on corneas that are 
not decentered

• Reduction of optical aberrations: coma
• Better contrast sensitivity
• Best Visual Acuity “Supervision”



FactorsFactors of of properproper alignmentalignment withwith
NAVEX NAVEX PlatformPlatform ––NIDEK  NIDEK  

• Lateral alignment: X/Y axis
• Z-plane focusing
• Tilt control
• Torsion Error Detector (TED)
• 200Hz Eye Tracking movement during ablation



OnOn--line Torsion (Jul.2006) : CX/CXII also availableline Torsion (Jul.2006) : CX/CXII also available
Detection of Detection of CycloCyclo--Torsion Error during laser Torsion Error during laser 
ablationablation

Torsion Error Correction Torsion Error Correction ((Dec.2006) : CXIII onlyDec.2006) : CXIII only
Detection of Detection of CycloCyclo--Torsion Error & Adjust the Torsion Error & Adjust the 
position of laser beam automaticallyposition of laser beam automatically

TEDetectionTEDetection TECorrectionTECorrection



NAVEX NAVEX PlatformPlatform

• Improves cylinder correction accuracy while
ensuring that the excimer laser ablates with
unparalleled precision during conventional and 
customized refractive surgery procedures.

• Accurate and precise laser alignment and 
delivery during the procedure.



Manual TE Offset Manual TE Offset 
(Current Method) (Current Method) 

Center of Ablation



Presently one must use the Presently one must use the eye tracking offset functioneye tracking offset function to enter the to enter the 
difference between visual axis and pupil center, defined as difference between visual axis and pupil center, defined as 
Cartesian or polar coordinates.Cartesian or polar coordinates.



Pupil Center

Ablation Center 
(Visual Axis)

New Eye Tracking Offset FunctionNew Eye Tracking Offset Function

Future software version will automatically transfer this numbersFuture software version will automatically transfer this numbers
via via FinalFitFinalFit as it is included of the OPD as it is included of the OPD –– Scan data.Scan data.





Asymmetric Pupil



Hyperopic
treatment



ConclusionsConclusions
CorrectCorrect alignmentalignment isis mandatorymandatory forfor successfulsuccessful

customacustoma blationblation
CorrectCorrect alignementalignement requiresrequires identificationidentification of:of:
•• OcularOcular AxesAxes: : 

Line of Line of SigthSigth (LOS)(LOS) and and Visual Visual AxisAxis
•• CyclotorsionCyclotorsion error : error : 

astigmatismastigmatism and HOAand HOA
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