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PURPOSEPURPOSEPURPOSEPURPOSE
The interest in the peripheral optical quality of the eye is increasing mainly because animal studies haveThe interest in the peripheral optical quality of the eye is increasing, mainly because animal studies haveThe interest in the peripheral optical quality of the eye is increasing, mainly because animal studies have

h h ff i f i i fl h i f i Off i i li hshown that off axis refractive errors may influence the progression of myopia Off axis image quality hasshown that off-axis refractive errors may influence the progression of myopia. Off-axis image quality hasy p g y p g q y

b f d h i ll i i f d li h T lid i d b i d i h hibeen often assessed monochromatically using infrared light To validate previous data obtained with thisbeen often assessed monochromatically using infrared light. To validate previous data obtained with thisy g g p

d it i i t t t ff i f ti d b ti f diff t l th Thiprocedure it is important to compare off-axis refraction and aberrations for different wavelengths This mayprocedure, it is important to compare off-axis refraction and aberrations for different wavelengths. This mayp , p p g y

l ibl t ti t d t ti l l th d d f ti l fl ti ireveal possible systematic measurement errors and potential wavelength dependence of retinal reflections inreveal possible systematic measurement errors and potential wavelength dependence of retinal reflections in

the periphery The off axis chromatic aberrations measured in both emmetropes and myopes could also offerthe periphery. The off-axis chromatic aberrations measured in both emmetropes and myopes could also offerthe periphery. The off axis chromatic aberrations measured in both emmetropes and myopes could also offer

some insights on the issue of the relationship between aberrations and myopia progressionsome insights on the issue of the relationship between aberrations and myopia progression.so e s g ts o t e ssue o t e e at o s p betwee abe at o s a d yop a p og ess o .

METHODSMETHODSMETHODSMETHODS
i l ffi l ff ii M t dM t dExperimental system: offExperimental system: off axisaxis Measurement procedureMeasurement procedureExperimental system: offExperimental system: off--axis axis Measurement procedureMeasurement procedurep y ffp y ff pp

l h ti H tl h ti H t Sh k (HS)Sh k (HS) S bj t ti i ti i th t dS bj t ti i ti i th t dpolychromatic Hartmannpolychromatic Hartmann--Shack (HS)Shack (HS) Subjects participating in the studySubjects participating in the studypolychromatic Hartmannpolychromatic Hartmann Shack (HS) Shack (HS) Subjects participating in the studySubjects participating in the study
ffwavefrontwavefront sensorsensor # R f i Awavefrontwavefront sensorsensor # Refraction Ageff # Refraction Age

E t 5 0 4 ± 0 3 D 27 33Emmetropes 5 -0 4 ± 0 3 D 27-33Emmetropes 5 0.4 ± 0.3 D 27 33
M 4 2 1 ± 0 8 D 28 36Myopes 4 -2.1 ± 0.8 D 28-36Myopes 4 2.1 ± 0.8 D 28 36

OffOff axis RGBaxis RGB HS images & WA’sHS images & WA’sOffOff--axis RGBaxis RGB--HS images & WA sHS images & WA sffff gg

RGB Laser: wavelengths 473 / 532 / 671 nm- RGB Laser: wavelengths 473 / 532 / 671 nmg
Recording of HS images using a high sensitivity EMCCD camera- Recording of HS images using a high sensitivity EMCCD camerag g g g y
Range of eccentricity measured: 40˚ (N) to 30 (T) in steps of 10˚- Range of eccentricity measured: -40  (N) to 30 (T) in steps of 10g y ( ) ( ) p
One measurement is the mean of 3 consecutive measurements of 200 ms- One measurement is the mean of 3 consecutive measurements of 200 ms 
At each color and eccentricity 3 measurements were taken- At each color and eccentricity 3 measurements were takeny
Light exposure intensity varied between 0 5 and 1 0 μW/cm2- Light exposure intensity varied between 0.5 and 1.0 μW/cm2.g p y μ

Pi f h iPi f h iPictures of the instrumentPictures of the instrumentPictures of the instrumentPictures of the instrumentff

D t l i d t ilD t l i d t ilData analysis detailsData analysis detailsData analysis detailsData analysis details
F h h d i b li Calculated parameters: OffCalculated parameters: Off axis aberrationsaxis aberrations- For each measurement the spot pattern was unwrapped using a b-spline Calculated parameters: OffCalculated parameters: Off--axis aberrationsaxis aberrationsFor each measurement the spot pattern was unwrapped using a b spline   Calculated parameters: OffCalculated parameters: Off axis aberrations axis aberrations 

unwrapping algorithm d l th d dd l th d dunwrapping algorithm and wavelength dependenceand wavelength dependencepp g g
4 h d Z ik l fi h h l lli i il

and wavelength dependenceand wavelength dependence
- 4th order Zernike least squares fit over the whole elliptic pupil4th order Zernike least squares fit over the whole elliptic pupil

E h Z ik ffi i t (Z(λ θ RG)) dZernike coefficients were re scaled to a 4 mm circular sub pupil within Each Zernike coefficient (Z(λ θ RG)) was averaged- Zernike coefficients were re-scaled to a 4 mm circular sub-pupil within Each Zernike coefficient (Z(λ, θ, RG)) was averaged p p
h i i l il f l (λ) t i it (θ) d t t fthe original pupil for every color (λ), eccentricity (θ) and state ofthe original pupil for every color (λ),  eccentricity (θ) and state of 
Refraction was calculated from low order (defocus & astigmatism) refraction (RG):- Refraction was calculated from low order (defocus & astigmatism) refraction (RG):( g )

Z ik ffi i
e act o ( G):

Zernike coefficientsZernike coefficients
Z(λ θ RG) =mean (mean (Zernike))Astigmatism was decomposed for analysis further horizontal and vertical Z(λ, θ, RG) =meansubjects(meanmeas(Zernike))- Astigmatism was decomposed for analysis, further horizontal and vertical ( , , G) subjects( meas( ))g p y ,

i d d h i l b icoma was examined and spherical aberration Ch i diff f ffi i (ΔZ(θ RG))coma was examined and spherical aberration Chromatic difference of coefficient (ΔZ(θ RG)):Higher order RMS was calculated from the 3rd and 4th order terms Chromatic difference of coefficient (ΔZ(θ, RG)):- Higher order RMS was calculated from the 3rd and 4th order terms g
S i i l i ifi i d i l i i bl ANOVA ΔZ(θ RG) Z(λ θ RG) Z(λ θ RG)#1 #5- Statistical significance was examined using a multi-variable ANOVA test ΔZ(θ, RG) = Z(λ2, θ, RG) – Z(λ1, θ, RG)#1 #5Statistical significance was examined using a multi variable ANOVA test ΔZ(θ, RG)  Z(λ2, θ, RG) Z(λ1, θ, RG)

i f iffd Ab ti f Diff t #1556d Aberrations for Different #1556d Aberrations for Different #1556d Aberrations for Different #1556d Aberrations for Different #1556
C i iCh ti Ab tiChromatic AberrationChromatic AberrationChromatic AberrationChromatic Aberration
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RESULTSRESULTSRESULTSRESULTS
M ltiM lti i bl ANOVAi bl ANOVAM f ffM f ff ii h tih ti OffOff axisaxis chromaticchromatic differencesdifferencesMultiMulti--variable ANOVAvariable ANOVAMean of offMean of off--axisaxis chromaticchromatic OffOff--axisaxis chromaticchromatic differencesdifferencesMultiMulti--variable ANOVA          variable ANOVA          Mean of offMean of off--axis axis chromaticchromatic OffOff axis axis chromaticchromatic differencesdifferencesf fff ff

(RED(RED BLUE) iBLUE) i f if ill dd iib tib ti ii tt (RED(RED--BLUE) inBLUE) in refractiverefractive groupsgroupspp--valuesvalues andand comparisoncomparisonaberrationsaberrations inin emmetropesemmetropes (RED(RED--BLUE)  inBLUE)  in refractiverefractive groupsgroupspp valuesvalues and and comparisoncomparisonaberrationsaberrations in in emmetropesemmetropes ff g pg ppp pppp

MeanMean defocusdefocusMeanMean defocusdefocusMean Mean defocusdefocus

N N TTN N TTT

H i t lH i t l li d (J0)li d (J0)Horizontal crossHorizontal cross--cylinder (J0)cylinder (J0)Horizontal crossHorizontal cross--cylinder (J0)cylinder (J0)y ( )y ( )

N N TN N TTN N TT

S h i l Ab iS h i l Ab iSpherical AberrationSpherical AberrationSpherical AberrationSpherical Aberrationpp
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CONCLUSIONSCONCLUSIONSCONCLUSIONSCONCLUSIONS
W d i d d b il i f ll f i d b i i h i h•We designed and built an instrument to successfully measure refraction and aberrations in the periphery•We designed and built an instrument to successfully measure refraction and aberrations in the peripheryg f y f p p y
f l h h f h i ibl i f ifor wavelengths over the range of the visible spectrum in two refractive groupsfor wavelengths over the range of the visible spectrum in two refractive groups.f g g f p f g p

L i di l h i b i (LCA) l i h i l i i Th h i• Longitudinal chromatic aberration (LCA) was nearly constant with retinal eccentricity The chromatic• Longitudinal chromatic aberration (LCA) was nearly constant with retinal eccentricity. The chromaticg ( ) y y
diff f ti ti d hi h d RMS l f d t t i ifi tl ith t i itdifference of astigmatism and higher order RMS was also found not to vary significantly with eccentricitydifference of astigmatism and higher order RMS was also found not to vary significantly with eccentricity.ff f g g f y g f y y

h i i l i i f d i h i b i b d ( ild)•There was no statistical variation found in chromatic aberrations between emmetropes and (mild) myopes•There was no statistical variation found in chromatic aberrations between emmetropes and (mild) myopes.f p ( ) y p

•The use monochromatic light for measurements of peripheral optics may provide an accurate•The use monochromatic light for measurements of peripheral optics may provide an accurateThe use monochromatic light for measurements of peripheral optics may provide an accurate
representation of the visible image quality as long as the chromatic shift is taken into accountrepresentation of the visible image quality as long as the chromatic shift is taken into account.representation of the visible image quality as long as the chromatic shift is taken into account.
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