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directed to the field of ophthal mc vision correction,
and nore specifically to wavefront-generated custom
ophthal m c surfaces. Description of Related Art An
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aberroneter relay the imge of the physical pupil
which is by definition the entrance pupil, onto a
Hartmann Shack wavefront sensor (HSWS). The HSWS
X fReloted Asht at known intervals and a
corrputer caI cuI ates a conpl ete nat hemati cal
descr i ptAnoisulef attetremptat, likmthe Zyexvel iwayefromaeredyzenBausch & Lomb
aberration. In the case of the Zywave, the
mathenpdrated [Rodeser, iINewi Yorkphedstues thaanaedfronnibeabibsr exitingra
is in the formof Zerni ke polynomals per Born & Wl f
S natiaits ey at (HBRKEs datdidelpupiPplafs | THIES acbomfplittied By ifpdcking a narrow
Edi ti on, Canbridge University Press (1980)). This

wauRhh QR infidled fasdr ieﬁ\ﬁ%}"ﬁib tA@pHBRE o ©alBRSthePatRnt's v1sua1 axis. The
customcorrection solution or t he patl ent, which may
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'O, an inlay, or laser refractive surgery
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paﬁgﬁ's plcl)ysmalopupﬂ.e tl“ﬁer (l;rrl)tlr(];al c%mponents of the aberrometer relay the image of

the physical pupil, which is by definition the entrance pupil, onto a Hartmann-Shack
wavefront sensor (HSWES). The HSWES samples the wavefront at known intervals and
a computer calculates a complete mathematical description of the patient's exiting
wavefront aberration. In the case of the Zywave, the mathematical description of the
wavefront aberration is in the form of Zernike polynomials per Born & Wolf's notation

(Born & Wolf, Principles of Optics, 6™ Edition, Cambridge University Press (1980)).

This wavefront aberration may be used to design a custom-correction solution for the
patient, which may be accomplished through a contact lens, a spectacle, an IOL, an inlay,

or laser refractive surgery.



anterior or posterior surface paraneter of an
ophthal mc correcting surface (e.g., custom contact
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aberration neasurenent of an eye. A preferred aspect

of this enbodiment relates to determ ning an anterior
surface paraneter of a dry, CCL designed to operate

at 555nm An algorithmsets forth the nethod
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BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorporated in and constitute a part of
this specification, illustrate embodiments of the present invention and, together with the
description, serve to explain the objects, advantages and principles of the invention. In
the drawings, |
Figure 1 is a process flow diagram according to an embodiment of the invention;

Figure 2 is a process flow diagram according to a preferred aspect embodiment of

the invention; and



The follow ng detail ed description is set forth in

terns of data obtained froma Zywave wavefront
w@eakpzssse (Bausch & Lonb | ncor porated, RochestReT/USP3/028370

however, it is to be appreciated that the invention

is not limted in this manner; any accurate

mat hemati cal representation of a wavefront aberration

woul d beFigiuid 3 Rkl Bpf OFa WIveEbNtGéMREr eyt iR adurdhent inie illlB@ating the

Zywave incorporates a Hartmann- Shack wavefront sensor

( HR@hitlon of the MRFSHINEmbAABrRMES ROSpRASHAAIOD B £ Xdnk.1 NG
a patient's eye at the eye's entrance pupil = pl ane.
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78qH{;gnﬁa'1Qe | aser energy diffusely reflects off the
patient s fovea and passes back through the eye and
into the HSWFS. The HSWS sanpl es the wavefront at
known intervals and a conputer cal cul ates a

mat hemat i cal rj pi he vefront aberration
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measured in mcrons. Other data provided by the

Zywave ke follewing detsiladhdgseintion i aebgrth@l ferpg) of dpe oB1gined) from a
in mllimeters, identification of the patient's eye

(| efywvape wayegient analyeny(Bausent LombHeqomopsede Ro¢igEpr, Nandhowever, it
when applicable, the rotation angle (S) neasured in

degds todw appreciated thatthe ineergiongsy wot biynited methis eratmetyanyageurate
measur enent. The equi val ent sphere power is defined

by rnhdibenetjod tréppeseBition Jf BMAvefrdn? Atsgtti¢n3y duldeduitable for practicing
(2*2*sgrt(3)*T3), 3 WD 2004/028356 PCT/ US2003/ 028370
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Wl f notation. Figure 1 shows the process flow steps
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par anet er of an ophthal m ¢ cuStom zed correcting
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eye. At step 110, a wavefront aberration neasurene
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wavefront aberration as a set of 18 Zernike coefficients (T3 through T») measured in
microns. Other data provided by the Zywave include a normalization radius (Ry)
measured in millimeters, identification of the patient's eye (left ;)r right), equivalent
sphere power (Sg), and, when applicable, the rotation angle (8) measured in degrees of a
trial lens worn by a patient during measurement. The equivalent sphere power is defined

by the equation

SE = [RN? + (2%sqrt(3)*T3)*] + (2*#2*sqrt(3)*Ts),



mnimally affect patient fixation and pupil size. As

menti oned above,

the Zywave

cal cul ates the wavefront

waberoz3s0©n in the form of Zerni ke pol ynom al SPEEUSB03/628370
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In a preferred enbodi nent,

t he Zerni ke

pol ynom al s are represented by the "Fringe" or
University of Arizona notation (see Zenmax User's
Gui dieere Verepiesnts ik OurtipPernik erih 26 Born & Woltiotdiien.ences

bet ween the Arizona notation,

and the Born & Wi f

not at i oIFige1 kHdis tKJﬁoceMWﬁEﬁs%'f at SEGFRhANE0 ArdBlkeffining a
and the B&W not ati on uses scal ar
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differently,

The first 11 terns of each notation
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@ffsat pat

g - g? coS Z9 pA3*cos(30)

téqnhf dAheyr, gedslinpﬁsg@?qent wavelength is 780nm so as to

A3*cos( 30% Z11 6*p"4 - _
enpE¥pion and pupd sixe) 29 owRDREE e Ve, the Zywave

i mage misalignnent is

6*ph"2 + 1

corcelselates the Prasefieny elferigtion mitles formn obZeraike polpnapzials petBan & Wolf.

ent rance pupi

is rotated 180 degrees before it

r edu heseitrted chiBvdBent] the Zermillegolydemialsiaee iepreehiedibgiies Fringe” or
must be nodified in order to account for this

r otldivensity oFAironasiothting (seb¥emax UdepPk VGuldg, Arkion 10.0, pp.124- 126)
coefficients wth odd-theta dependence by -1. Those

coelfvd differehcs BétivBen the Arizona notation and the Born & Wolf notation are that the

polynomial terms are ordered differently, and the B&W notation uses scalar

normalization terms in front of the polynomial terms. The first 11 terms of each notation

are shown below:

Term Arizona Notation Born & Wolf Notation

Z1 1 1

Z2 p*cos(0) 2*p*cos(0)

Z3 p*sin(6) 2%p*sin(0)

74 2%pM2 -1 sqrt(3)*(2*¥p™2 - 1)

Z5 p2*cos(20) sqrt(6)*p”2*sin(20)

Z6 p2*sin(26) sqrt(6)*p*2*cos(20)

z7 (3%p"3 - 2*p)*cos(0) sqrt(8)*(3*p”3 - 2*p)*sin(0)
Z8 (3*p"3 - 2*p)*sin(0) sqrt(8)*(3*p”3 - 2*p)*cos(0)
Z9 p3*cos(30) sqrt(8)*p”3*sin(30)

Z10 p"3*sin(36) sqrt(8)*p”3*cos(36)

Z11 6*p™4 - 6%p"2 + 1 sqrt(5)*(6*p™4 - 6¥p”2 + 1)



no theta dependence or even-theta dependence are not
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Ocular biometry includes corneal topography or keratometry, axial length of the eye and,

optionally, thickness of the crystalline lens. From these measurements, a more precise
calculation of longitudinal chromatic aberration can be performed..

At step 150, the algorithm accounts for the power shift due to the measurement
being taken at the patient's entrance pupil but the correction being done at the ophthalmic
correction surface, such as a modified corneal surface, a custom contact lens surface, a

customized IOL surface, a customized inlay surface, or a spectacle surface.



dry customcorrection contact lens is described by the
equation: 3-D Sag = (r2/Rd)/ (1 + sgrt(1 - r2/Rd2)) + E

W@ Zy0R03839%kere r is the radial coordi nate, Rd iBCT/082003/§28370
radius of the anterior surface, Z; is a set of
Zerni ke coefficients, Pi is a set of Zernike
polynomals, and i E [4, 27]. The Zernike
coef f i cilenpafard agebyuid calbsdiateat dbcribbé a%"vle,rm@m@ﬂhod is directed
Uni versity of Arizona notation. The entrance pupil of

a tig[dbtefmhiniip AR BnteY@ sinFack PEraine©r ¥ aldryRarinl G, &é}.f‘gned to operate at
anterior surface of the cornea into the eye.
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0.16 mm Thus, the correction is ocate
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160, the Zerpike coefficients are converted from

wavef ront defdt PagT G/ (1 & sew(d - Fé‘?&rs))élfr

deformations. All coefficients are divided by (n - 1),
wherheret ip Sremrpdial cperdimteoRq is dferdactefivnotihe aiterionsurfasertt; &Gt set of
lens material at 555 nm At step 170, the algorithm

nmo dietikescoefieients Piac@sqp af Zmekepolyroniias, hedbti[€,@7].yThe Zernike
reverse hydration-induced expansion in going from wet

| enseffiaieatyei®plyiomisls yreloeMs Frifgl R MRiwESty oflkizona notation.
coefficients are divided by an enpirically obtained

sag expansb@iné r\ﬁ?ﬂ 2004/R4BRAMN Rl # @&3@@3/ 1 Qgrﬁ 3:6fh the anterior

(sag_exp) factor for the lens nmateri al
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power. This shift is explained by the following equation, where B is the measured power
and C is the correcting power located 3.26 mm away from the measurement plane.
C =B - 0.00326*B>.

At step 160, the Zernike coefficients are converted from wavefront deformations
to wet lens surface deformations. All coefficients are divided by (n - 1), where n is the
index of refraction of the wet contact lens material at 555 nm.

At step 170, the algorithm modifies the surface parameter to mathematically
reverse hydration-induced expansion in going from wet lens parameters to dry lens

parameters. All coefficients are divided by an empirically obtained sag expansion



4 = T3 *sgrt(3)/(n - 1)/1000/sag_exp Z5 =

T5*sqrt(6)/(n - 1)/ 1000/sag exp Z6 = T4*sqrt(6)/(n -
wQa00d0Bscagexp Z7 = T7*(-1)*sgrt(8)/(n - PCT/US2003/028370

1)/1000/sag_exp Z8 = T6*(-1)*sgrt(8)/(n -

1)/1000/sag_exp Z9 = TIO0*sgrt(5)/(n - 1)/1000/ sag_exp

Z10 TO9*(-1)*sgrt(8)/(n - 1)/1000/sag exp Z11 =

T8*((Saé SO0 the tendhattBA0TRARLrNRzatidd Bdfns H divided by the

1*sgrt(10)/(n - 1)/1000/sag_exp Z13 = T12*sqrt(10)/(n
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T18* 12)/(n - 1)/1000/ sag_exp Z21 =
Tzéﬁésa}l%‘éisg W52 1)/1000/ sag_exp Z22

T22*s,qré\£r\3_4‘\£$/ﬁ - 1)/1000/sagexp Z23 (not currently

used) Z rently used) Z25 (not currently
used) zZ8= ¥ 33/1 ~DY0PY/32m ¢xpn - 1)/ 1000/ sag_exp
727 = TZH(TApas@y iy -112 PQUAsag_exp/ 1000/ sag_exp I n an
exenpl ar -a"g‘béﬁlﬁ b’fn 118 0¥segesxped enbodi ment, the
pat i ent 47s= TT(t1¢tquiis)/n al)/1p00/sagrexpr  peri - bal | ast ed
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710 = T9*(-1)*sqrt(8)/(n - 1)/1000/sag_exp

Z11 = T8%*(-1)sqrt(8)/(n - 1)/1000/sag_exp

712 = T11*sqrt(10)/(n - 1)/1000/sag_exp

Z13 = T12%sqrt(10)/(n - 1)/1000/sag_exp

7214 = T15%(-1)*sqrt(12)/(n - 1)/1000/sag_exp

Z15 = T16*(-1)*sqrt(12)/(n - 1)/1000/sag_exp

716 = (not currently used)

Z17 = T13*sqrt(10)/(n - 1)/1000/sag_exp

718 = T14*sqrt(10)/(n - 1)/1000/sag_exp

Z19 = T17*(-1)*sqrt(12)/(n - 1)/1000/sag_exp

720 = T18%(-1)*sqrt(12)/(n - 1)/1000/sag_exp

Z21 = T23*sqrt(14)/(n - 1)/1000/sag_exp

722 = T22*sqrt(14)/(n - 1)/1000/sag_exp

723 = (not currently used)

Z24 = (not currently used)

Z25 = (not currently used)

726 = T19*(-1)*sqrt(12)/(n - 1)/1000/sag_exp

227 = T20*(-1)*sqrt(12)/(n - 1)/1000/sag_exp

In an exemplary aspect of the preferred embodiment, the patient is fitted with a
prism- or peri-ballasted spherical trial lens of known geometry. The power of the trial
lens may be plano or may match the patient's spherical-equivalent refraction. The latter
is most preferred. The trial lens preferably will be made of the same material as the

CCL. The base curve of the trial lens, possibly chosen to include a plurality of base
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beam an vari able circu exi ng mar

308 1 R ol b Yoo R e Dy R il omer
on BB 1S R PGS M G by s
oy 06 TR eI PR YTt oo AR SEAR e, and

instant invention. Likew se, bright spots 312 are _
i nderilepifcujaemdexing mark 308 is also centered in the crosshairs. The diameter of

ring 308 is changed until it coincides with the lathe ring mark 304. The wavefront
measurement is thus centered on the OZ of the trial lens. In Figure 3, small circle 310
shows the measurement beam entry location on the eye, but is not relevant to an
understanding of the instant invention. Likewise, bright spots 312 are instrument LED
reflections from the cornea and are not relevant to the instant invention. Alternatively,

the OZ of the trial lens can be encircled with a ring or dots of indelible, FDA-approved



reflections fromthe cornea and are not relevant to
the instant invention. Alternatively, the OZ of the
wa pioato2d3ems can be encircled with a ring or doPGI/U§2003/028370
i ndel i bl e, FDA-approved 8 WD 2004/ 028356
PCT/ US2003/ 028370 ink placed every 15 or 30 degrees
on the lens in the dry state. Thereafter, the anount

andink @lat@Cdve 50V Bgrdee Wi tiRflerds Methb @f})ssteft@t"ﬂ{efe@ﬂeﬂ the amount and
nmeasured and accounted for during the manufacturing

of JiRBHEERSH o DEWO QPHE Itk PBtStichQs mEeﬁﬁreH Gh AL AMRAAbHFIRE the

Zerni ke fringe coefficients in dry lens units are:

( adﬁ;a&ﬁltf&ql/&%gr E@' 'é &t *r% g@&hb‘% £l eﬂ%gg{ g%&}hggc{‘z&%%e WSiae

cos
JARSA 2xd S 2*d A7 = Z 7*cos d) -
z g¥ %fﬂlie ¥ ‘i@ryl Q"?‘&sar%( d) ) + 7' 8*cos(d) (A9) Z'9 A10
=7 10*C *d 1 = Z 10*si n(3*d
. ayahzmozlra%zs S Solipbonding: 13+5i n(2d)
n( ge)i £z 1 3 *cos(2*d) Al4 =

Z' 14* cosA( 525 S@ )s@%al}l(%iiﬂs = 7' 14*sin(d) +
Z' 15+ cosA((d’f Z5g2 ) 7 4G cpdF*d 72 17* cos(4*d) -
Z' 18*si {4~ ag*mﬁ@s Z8pindk si n(4*d) Z' 18*cos(4*d) Al9
= Z' 19* ¢t 278yin(d) ZZBteosidn(3*d) A20 = Z' 19*sin(3*d) +
Z' 20* 0036(93* ayp

Al0 =Z'10*cos(3*d) - Z'11*sin(3*d)

A1l =7'10*sin(3*d) + Z'11*cos(3*d)

Al12 =Z7'12*cos(2*d) - Z'13*sin(2*d)

A13 = Z'12%sin(2*d) + Z'13*cos(2*d)

Al4 =Z"14*cos(d) - Z'15*sin(d)

Al15=Z7"14*sin(d) + Z'15%cos(d)

Al6=Z7'16

Al7 =Z"1T*cos(4*d) - Z'18*sin(4*d)

A18 =Z'17*sin(4*d) + Z'18*cos(4*d)

A19 =7'19*cos(3*d) - Z'20*sin(3*d)

A20 =Z'19%sin(3*d) + Z'20*cos(3*d)
\ A21 =Z7Z"21*cos(2*d) - Z'22*sin(2*d)

A22 =7Z21*sin(2*d) + Z'22*cos(2*d)

A23 =Z"23*cos(d) - Z'24*sin(d)

A24 = 7"23%sin(d) + Z'24*cos(d)

A25=7"725

A26 =Z26*cos(5*d) - Z27*sin(5*d)

A27 = Z26*sin(5*d) + Z'27*cos(5*d)

The hardware configuration of a device embodiment 300 of the invention is
shown in the block diagram of Fig. 3. A device readable medium 310 includes an
algorithm 320 (i.e., a computable set of steps to achieve a desired result) for determining
a surface parameter of an ophthalmic correcting surface from a wavefront measurement
of an eye, as described in detail above. The device readable medium can take any well

known form such as a disk or diskette, CD, DVD, waveguide, etc. that can carry the



A21 = Z'21 *cos(2*d) - Z 22*sin(2*d) A22 = Z' 21
*sin(2*d) + Z 22*cos(2*d) A23 = Z' 23*cos(d) -

wQ@2@4/0%836¢ d) A24 = Z' 23*sin(d) + Z 24*cos(d) PRBUS2003/028370

Z'25 A26 = Z 26*cos(5*d) - Z' 27*sin(5*d) A27 =
Z' 26*sin(5*d) + Z 27*cos(5*d) The hardware
configuration of a device enbodi ment 300 of the

| NVAEdriten 326 Tiehiewde 330 it BRADANELP d). 881 i8BbkctEd B2 s3rfadd
devi ce readabl e nedi um 310 i ncludes an al gorithm 320

(1 . BachifnLHpREaBiE %ot cofL, B8 B§z;zt@t,@ﬁimqu@3ﬁ>) dgs agpﬁgms 340
result) for determning a surface paraneter of

oph, E?ekéﬁb% E%ﬂ?é’rﬁ&l‘lf‘&nﬁ&ﬁéda%ﬁ §£r96f)to
nmeasur enen an eye, e et al ove
h
;ro fSr% ar1 mldlgtﬁg QQS(‘%G%? E&g CIIC ket%F Itjg%)Dora %\é\ﬁler laser lﬂ/s&eén For

etc t can carr 56
ﬁf@%?w%%e o VPR TS0 et e 48 pegerably s an

preferably a P.C. that is connected to a surface

macHCHIA FSSH PPNt us 340. For a CCL, IOL, or in-vitro

inlay (all 350), the apparatus 340 is preferablg

nuner i caVhile wgaesadvaniageoyn ambodiments hpveheen ehesen ta dllugiate the

Optof orm 50/ Variform | athe (Precitech, Keene, N H

USAnyention,ahwidbbeivmderstpeistr thesg skiled inflagr art ’qh@mhg@es and modifications

refractive surgery or an in-vivo inlay (all 350), the

appan &t updSderepreflenaddpyrting fram theescopenefithd iasantios ysdefined in the

Wi | e vari ous advant ageous enbodi nents have been

chogpended clalnhsust rate the invention, it will be

understood by those skilled in the art that changes

and nodifications can be nmade therein w thout

departing fromthe scope of the invention as defined

in the appended clains. 10

10



WD 2004/ 028356 PCT/ US2003/028370 | claim 1. A nethod
for determ ning a surface paraneter of an ophthal mc
w@oroneed3serg surface froma wavefront aberratiPEI/US2003/028370

nmeasurenent of an eye, conprising: a) obtaining a
wavefront aberration neasurenent of a patient's eye at

a known neasurenent plane | ocation using a known
nmegsdigent wavel ength; b) correcting the wavefront
aberration neasurenent as necessary to conpensate for

a measurienenty HandcClr i Haask Mueabd SRIRM: o®in bfifhalmic correcting
nmeasurenent; c¢) determ-ning a defocus refractive

correction, R %%ﬁﬂar \V%ﬁpﬁﬁ%g@ﬁﬁﬁ %Egu%len%%gﬁ, Q?lgli)l’l%llg%

determining a chronmatic aberration correcti

defocus  cor LS tt(Jm% ¢ %1 @anlgerﬁe&ﬁ &)%}rgt{omngéaagelgerg §¥:\’a: Ir)ati‘cc’elﬂti’sf etye ata

correction t accoun Oor a correction sur

| ocation different frgmthe .neasurenent plane

| ocat i orknOn mEgeteimsp Pl dpaipE e MO e Sitpgent wavelengih
determ ning an anterior surfac% paraneter. 3. The

met hod of cl &l $AFPCIRgHRT B IPHEPETAHAN BreadaihisRyeegsary to
wavef ront aberration neasurenment conprises generating

an aber CERPYISRlEEY ¢Ma3FHEMe 8 iotoriused misaligianent elbe mewsgrement;
coefficients. 4. The nethod of claim3, wherein the

pol ynoni al i 8) deteramingadoishy rednstie corr@tionbasedrpndndie abfrration
claim1, wherein the step of obtaining a wavefront

aber r at inoRswrEagr enent conpri ses maki ng the

measurenent at a wavel ength of 780nm 11 WO

2004/ 028356 BCItddna(iy3d 2@Baf ab&ratibh eorreetitvofdr e defoaism

1, wherein the step of obtaining a wavefront

correction; and

e) determining a power shift correction to account for a correction surface

location different from the measurement plane location.

2. The method of claim 1, comprising determining an anterior surface
parameter.
3. The method of claim 1, wherein the step of obtaining a wavefront

aberration measurement comprises generating an aberration-describing
polynomial having associated coefficients.

4, The method of claim 3, wherein the polynomial is a Zernike polynomial.
5. The method of claim 1, wherein the step of obtaining a wavefront
aberration measurement comprises making the measurement at a wavelength of

780nm.

11



aberration neasurenent conprises making the
nmeasurenent through a trial lens engaged with the
wQEaiosees3se eye. 7. The nethod of claim 1, conpPCHUSP03/028370
maki ng the neasurenent through a center of an optical
zone of the trial lens. 8 The nethod of claimil,
wherei n the known neasurenent plane is an entrance
pupi | pleane he mbthopaf élgint 1, svhengR. thOstepldrobimtiRONwefront
claim1, wherein the correcting step conprises
cor r ect iabgratiofmead@vdnest & EndkHptht Baspferdelihrough a trial lens
aberration neasurenent. 10. The nethod of claim1,
wher ei n chhe.34HaR tRfpadgksipd Ni Ng a power shift _
correction conprises a correction surface including
. one surface . CO - : custom | a
cust om i7ﬁl ay ?B%?leglgg hg%nrﬁclz 25 o }A glg%dnép? rélgzleﬁ}lrenlf%hrough a
The net ofc.claimll Fising an anterior
surface?gﬁﬁﬁﬁ?ﬂgg%%'ﬁ%%oggggpggﬂ§l, wherein the step
of determ ni a chropmat.i c berration correction )
conpri sés co?ﬂ%ﬁ?&ﬂéo ?mé*&$§F@ﬁﬁgﬁﬁﬂﬂﬂWﬁﬂHW%V§P@H@Fﬁn
of 555nm 13. The nethod of claim1, wherein the step
of det ePAF4RCHEURL RiFfepidicipatiensBeYe: at i on correcti on
conpri ses obtaining and using an ocul ar bionetric
measur efent TBe Bphpdpdaime whereioithe dosreetingrstentcpwprises correcting
correction. 14. The nethod of claim 13, wherein the
ocul ar Birclegice-insuprdasigiiemdithe abematlondessweamendf a
corneal topography neasurenent, a kerotonetry
nmeasur erfént , Thametazd of cldimrig tvhermip als mtepefidttetfiininh @ pewey, shift
and a crystalline I ens thickness neasurenent. 12 WO
2004/ 0283 tiPCIdhiBROOBERRBBAGurfAde incTilngd ®k ROghco bf £ hdtom
6, wherein the ophthal mc correcting surface is an

ant er i ool leas,@ dbtom IDLYa custédd AY (R ABREMREI R PG face.
| ens, designed to operate at :

11.  The method of claim 11, comprising an anterior surface.

1

12, The method of claim 1, wherein the step of determining a chromatic
aberration correction comprises correcting for a design operation wavelength of
555nm.

13. The method of claim 1, wherein the step of determining a chromatic
aberration correction comprises obtaining and using an ocular biometric
measurement to optimize the chromatic aberration correction.

14, The method of claim 13, wherein the ocular biometric measurement
includes one of a corneal topography measurement, a kerotometry measurement,
an axial length measurement of the eye, and a crystalline lens thickness

measurement.

12



555nm further conprising: converting the aberration
measurenent froma wavefront deformation to a wet

wo g/ 038366 ace def ormati on; and nodi fyi ng a wetPCBENS2003/028370
deformati on paraneter to obtain a corresponding dry
| ens deformation paraneter. 16. A device readable
medi um i ncl udi ng an executabl e instruction for
per f or mildg aMhakgtiol bhetifrof, wieteri the SphligAic SHEMEE surface is an
paranmeter of an ophthalmc correcting surface froma
wav ef r oninteRiBASIih & BMldrR busddin yeecti¥hedr@ictchd) Gesigned to operate at
al gorithm conprises the process steps (b)-(e)

accor di 354, fliRdrFhdipriskfe:  The devi ce readabl e medi um
of claim 16, wherein the algorithmis for determning

an anterior f r rrection .
contact | ens,%ll{ g@% f]}%c? ba{%oggg%aﬁ?&e‘g@ ﬁ%@@ﬁ@'ﬁve@g{t d4fggmation to a
devi ce r&&%@?%tﬁ%@g%gma%n,%gl m 17, wherein the

al gorithm nprises the process steps of:

converting the aberratj.on asurenent froma wavefront
def or mati on {8 d&’“%f” e{ lg?fé{%??%’é’a@é‘?efﬁr fRaPhiRiR a copspgponding dry
nodi fyi E%ﬁ%ﬁ t |ens deformati on paraneter to obtain a
cor r espofiti }gga?t&?’npﬁ‘@%teﬂefornation paranmeter. 19. The
devi ce readabl e medi um of claim 16, wherein the

al gorit Hfh i sAfdsrice gradablamerdivg ingtndinstaa ekesttablgrifistvetiopffor
one of a customcorrection contact lens, an [|CL, an

i nl ay, a@edormniegmenredgaritlyy for determinidg WOIARO AABRBBS5E an ophthalmic
PCT/ US2003/ 028370 20. A nethod for determning a

sur f ace cpagcting swfacofromn vamtienmi orassitanfeate adfeyq whelfe, the
customcorrection contact |ens, designed to operate at

555nm  figorithan ewanpeiesahd pradeed stes (BN e RasGUGABaRinOf, an
eye, conpri sing:
17. The device readable medium of claim 16, wherein the algorithm is for
determining an anterior surface of a dry, custom-correction contact lens, designed
to operate at 555nm.
18.  The device readable medium of claim 17, wherein the algorithm further
comprises the process steps of?:
converting the aberration measurement from a wavefront deformation to a
wet lens surface deformation; and
modifying a wet lens deformation parameter to obtain a corresponding dry
lens deformation parameter.
19.  The device readable medium of claim 16, wherein the algorithm is for

determining an anterior surface of one of a custom-correction contact lens, an

IOL, an inlay, and a corneal surface.

13



fitting atrial lens on a patient's eye; nmaking a
wavefront measurenent through a central optical zone

wo egiuoes3sd the trial lens, and at a sel ect ed PCT/US2003/028370
nmeasur enent plane | ocation using a known neasurenent
wavel engt h; determ ning an anount and direction of
rotation of the trial lens on the patient's eye;
correcti2fg t Aemshndelor datdrmirtigy & subrfa @ pafeRaSdt o€ ieiHierRS$ surface of a
necessary to conpensate for a neasurenent
devi ce- idnd uaReh-FbEatibPeuneit leh, désiBedRAHHE B 5nm, from a
determ ning a defocus refractive correction based upon

t he abery:RbfréH abdRASHERBBhentde LEEFE QinfisA Chr omati ¢
aberration correction for the defodcus corréctl on;

det er m ni ng ﬁttﬁg‘ﬁ"?ﬁalﬁﬁ%ﬁa,‘gﬁfegfﬁ%on to account for a

correction surface |ocati fent fromthe

neasur enent 2RE a Iwggé'ﬁto. Pﬂfeatsﬁrgél%r%rt 1rion O%Qe?gﬁg)%{i% Izcim% r%e gion of

measur enent ronta waverron ormna

| ens surface .deformation; .and nodifyjng a wet |en

def or naf lfeﬁﬁ%r%%‘%saa trgg? 56?68 teg FReafement \éia’fl%]é’ﬁaé‘r?a UFige Ei??f’wn

| ens deformation aranpt er. 21. The nethod of claim

20, conﬁ}eﬁgﬁr‘?’?@mﬂ‘%‘ﬁ’i‘ét a prism or a peri-ballasted
trial lens. 14 WD 2004/ 028356 PCT/ US2003/ 028370 22.

The met hod ofetefiiipg armapREandidiveqtipa of ratgsion pf tiptrial inmgn the
a wavefront aberration measurenent conprises

gener at PHfIBHCEber r ati on-descri bing pol ynoni al havi ng
associ ated coefficients. 23. The nethod of claim 20,
wher ei n t he puteytingthawaiefont aBemitios npaduyencami 2 neces2dy to
The nmet hod of claim 20, wherein the step of obtaining

a wavef conpensate for a measurement device-induced misalignment of the measurement;

determining a defocus refractive correction based upon the aberration
measurement;

determining a chromatic aberration correction for the defocus correction;

determining a power shift correction to account for a correction surface
location different from the measurement plane location;

converting the aberration measurement from a wavefront deformation to a
wet lens surface deformation; and

modifying a wet lens deformation parameter to obtain a corresponding dry
lens deformation parameter.
21.  The method of claim 20, comprising fitting a prism- or a peri-ballasted

trial lens.
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aberration neasurenent conprises making the

nmeasurenent at a wavel ength of 780m. 25. The net hod
w®@Rooghz83ne 20, wherein the step of obtaining a MeWES20051028370

aberrati on neasurenent conprises making the

measurenent through a trial lens engaged with the

patient's eye. 26. The nethod of claim25, conprising

maki ng Lhe nEBSMERERHcldiiPOLgheréin tHeQ R oAbbRRInE 6 HavERKe
of the trial lens. 27. The nethod of claim 20, wherein

the knoweﬁa%%mﬁtenmoﬁﬁﬁsés%eﬁéﬂmg% bR GEoRERENbin
pl ane of the patient's eye. 2 The "net hod of calrr%

20, Wheﬁ’gigﬂ %Fha@ a?s%hh{é@céetf@gerﬁsonp” ses correcting

for dev uce rotatlon 0 e aberration

nmeasur egent . Tge met-lligc? ofrr? 1%%6 \gherem ﬂb é’Pr%'g?IFWEIS 8z,ep1é1&etqogﬂmmlal

step of etermn g a ¢ ron’atlc

conpris in . n u bionetr

ronbur ot LB GERrh R R: aet O P b 6 P gy vefron
correcti 30. The met hod of cI aim 20, wherein the

ocul ar g‘?ﬂi’é‘ PSSR, SOMBHECS making fRroRcasHemgtt aha wavelength of

corneal _topography neasurenment, a kerotonetry
nmeasur ef8¥f™- an axi al | ength neasurenent of the eye,

and a cryst alline I ens thickness neasurenent. 15
The method of claim 20, wherein the step of obtaining a wavefront

aberration measurement comprises making the (rneasurement through a trial lens
engaged with the patient’s eye.

26.  The method of claim 25, comprising making the measurement through a
central optical zone of the trial lens.

27.  The method of claim 20, wherein the known measurement plane is an
entrance pupil plane of the patient’s eye.

28.  The method of claim 20, wherein the correcting step comprises correcting
for device-induced rotation of the aberration measurement.

29. The method of claim 20, wherein the step of determining a chromatic
aberration correction comprises obtaining and using an ocular biometric
measurement to optimize the chromatic aberration correction.

30. The method of claim 20, wherein the ocular biometric measurement
includes one of a corneal topography measurement, a kerotometry measurement,
an axial length measurement of the eye, and a crystalline lens thickness

measurement.

15



