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WOBERRIISH - GENERATED CUSTOM OPHTHALM C SURFACES 2
BACKGROUND OF THE | NVENTI ON Fiel d of the | nveRETI§20p3@2837
invention is generally directed to the field of .
ophthal m c vision correction, and nore specifically
to wavef I ORY s OBK t m c surfaces.
Descri pti ol of  Rerateu-Art—Arcc oM aliar ITHAIEVE
t he Zywave(r) wavefront anal yzer (Bausch & Lonb
I ncor porated, Rochester, New York) neasures the
wavefront aberr at i BACEIROUAD QF ThEt IVENEORye at t he
ey%'.s entrance pupil plane. This is acconplished by
inj C IV ow beamof infra-red | aser energy
into th&bep_ati ent's eye along the patient's visual
axi s. THee inygnvieh erpghdraldf ditebRd ZyHEHS s heam .
is 780nm The |aser energy diffusel ?/%?%?ﬁaec ;Ulscl) Ty CopRghon,
pathémbtespéoifically antaveasResn he eye
conpletely filling the Sggté}gﬁ{?‘gs{&gﬁ%@’ég?”&%%Fﬁ- The
optical conponents of the aberroneter relay the inage
of the physical pupil, which is by definition the

ende SoPdiH date@0 @ Hart mann- Shack wavefront
se%ﬁ%‘&‘.—‘l‘%‘eIE HSWFS sanpl es the wavefront at

known i .s_and. a.conputer calculates a conplete '
mat herra‘{\h::1 g%ﬁYﬁégeﬁoﬁeﬁ?ﬁﬂﬁ 5 Zoprppase pHEdveEant apalyzer (Baugch & Lomb

wa ront .aberratign. _In the case of the Zywave, the
rraﬁ%é?g a%eg’gl?ocgﬁ%’rli?ﬁ’t’ IYFK) Bfeasurss thaswavefrominberadtes Editiho4)

is_in the formof Zernike polynomals per Born & WIfs
nobHERGPYe § Gye'Rentsmee pupiliptank.pTs isabedaglished, bﬁﬁj@cﬁng 2 narrow
Edj ti on, Canbridge University Press (1980)). Thi's

waRFERy O frfrazs fasertenergy ey thb patienexcbyt @lof@ e $ticht's visual axis. The
customcorrection solution for the patient, V\FI 03}1 nay

beVaKeten st of S &owa e neryireMet GBArA &l 78D RAS ThaSh %ﬁér@;féifql el
an 1OL, an inlay, or laser refractive surgery. ey

| 1 teflagtd off ik batiewt'd foved| dnli pMsds Hacll thl-o'ukh {bleleére completely filling the
patient's physical pupil. The optical components of the aberrometér felay the image of
- the physical pupil, which is by definition the entrance pupil,. onto a Hartmann-Shack
wavefront sensor (HSWFS).- The HSWFS samples the wavefront at known intervals and
a computer calculates a complete_mather.natical'description of the patient's exiﬁng
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. ' e
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i nvention provides a nmethod for determning a surf
paranmeter of an anterior surface of a dry, ?geMAR 2007
customcorrecting contact lens as defined in claiml.

5 BRI EF DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng

draw ngs, which agwgﬁmmwﬁmﬁ)gonst itute a

part of this specification, 1llustrate enbodi nents of

t he esent ..invention an t;h Lt h t

doschPhun ol driuap 2o 96 HaEhpiils'a Wityce, ppameter of an
and pripciples of the invention, I[%n thgqfdrﬁ\zvin s, .10
anipRen Yetage Pka 4o FRRYBEOPEEHPEAoApch IR AT ST eA gD 5 -

enbodi nent of the invention; Figure 2 is a process

fl ow di agram according to a preferred aspect

enbodi nent of the invention; and 2 WO 2004/ 028356 2 6

MAR 2007 PCTBREZDOHSTRBTION QUAEHEIDRAINGPY of a
wavefront sensor eye neasurenent image illustrating

the TheRtERhpDYingf dratvihgdewhich QR indBRSEHE&ITRNndOdonktiite a part of
optical zone (QZ) of a lens; and Figure 4 is a line

o AR U BRSPS b TRBAATE Bl St i
I.

dgg?lg)ﬁgﬁyﬁlé?v&t&gegglagggggbg%{sggixgakaka[eg?so gnr? a(p:rlriu%lieg Bt b iRGdntion. In

the drawings,

Figures 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



" Zywave wavefront anal yzer (Bausch &-Lonb I ncorporated,
woRagesiser, NY), however, it is to be appreciated? bR 2007
the invention is not limted in thi's manner; P&AYUS2003/028370

accurate mathematical representation of a wavefront
aberration would be suitable for practicing the

i nvent il.gn. ghe Zywave i ncorporates a Hartmnn- Shack
vwavef ront  seRddioPy Pig\ipyeiontisensoeersumasirbmensanleiMirating the
aberration exiting a patient's eye at the eye's =
ertPEHO8 ob thsiavelpina measutbivent @t the aptidal 2onEiOB) AR O4Ce

in theFZy\A/ave is a diode laser emtting light having

a wav elFigveg hisofling 8tmwing oFadat@ees Inffisel

reflects off the patient's fovea oﬁgg%rg%oggégg%&%g%{ofme

t hnemgén.t he eye and into the HSWS. The HSATFS sanpl es
the wavefront at known intervals and a conputer

cal cul ates a mat hemati cal description of the

wavefront aberration as a set of 18 Zerni ke

coefficients red in mcrons.

Ot her data ﬁg%.ﬁ;gy&ﬁ%@gﬁgﬁ%ﬁiﬁﬁgﬁmDﬁNmODmm
nor mal hop. radi ys, (RN) . measured in millinmeters,

i dent i ﬁ%ﬁé’;‘]?‘g‘#@?#‘?ﬁi&gﬁ%wﬁw%t fexpl i termistof data obighaky from a

eguj yal ent . sphere power (SE), and, when applicable,
t ?ﬁ‘”?%t%%‘%ﬁmaﬂﬁmr E%)lschéa%@mb Encorpochedgl; Rechesiér, KY) tHok@ber, it

Ie[}s worn by a patient during nmeasurenent. The

eGP YarRRtcidsshbetdhqyavaation s ndthmitetin thiy maherey ald,pR SE

_[R|\|2h + 1__(’czi*sqrt(3)*T3)2] - (2*¥2*sgrt(3)" T3), 3 26
MERthgmatical 1RoyesItMio0 BBEEH/ cROY USR03 MARBRT A uini icin
represents the fourth Zernike termin Bor nui& ngofpr-gghcmg

nieanvention. Fhglyveavd imsbipuaret B ElaREAGRS k! S
al gorithm 100 for determ ni ng a sur?‘céggw%fgotrng%élf‘grmgﬂms)

ate mpirh denvave o LR B SRl SHLLAG 5L fRce froma
wavefront aberration rreasurg:eaerr%nt of&é;% ﬂéeyeé’?s Araggeypll

_ lidlene. ThematBbr i0Rhind ! Rkl ement .of the
patient's eye1 i's obt a%%g%&g%] Qgﬁﬁ%\%a ﬁ‘@g%{?feéﬁ@m%h%e

| leeigiaGibveRAR br Aok asurenment wayel ength. The
preferred measurenent p lglﬁfeerfeé%'a%lyirg o ticthe pafisats fovea

and passes back through the eye and into the HSWFS. The HSWFS samples the

wavefront at known intervals and a computer calculates a mathematical description of the
wavefront aberration as a set of 18 Zernike coefficients (T; through T>0) measured in
mucrons. Other data provided by the Zywave include a normalization radiug (Rn)

measured in millimeters, identification of the patient's eye (left or right), equivalent
sphere power (Sg), and, when applicable, the rotation angle (6) measured in degrees of a
trial lens worn by a patient during measurement. The equivalent sphere power is defined

by the equation

Se = [Ru" + (2%sqrt(3)*T3)*] + (2*2%sqrt(3)*Ty),



" pupil of the patient's eye, and the preferred § MAR 2007
nmeasur enent wavel ength is 780nm so as to mini ma?l y

WO 2464/@8356pat i ent fixation and pupil size. As nRGE/U8N028370
above, the Zywave calcul ates the wavefront aberration
in the formof Zernike polynom als per Born & WlIf.
In a preferred enbodi nent, the Zernike polynomals are
r eyherssie mtpechetty the HenrthFiermikpeterrain Bhimi & 8fodf foyatioh. Ari zona
notati on (see Zemax User's Cuide, Version 10.0,
pp. 124Fikafe) 1 showvvhe @idct B ITRRCESsE brvEIRHithine OMdl’Zi@féﬁninihg a
notation. and the -Born & Wl f notation are that the

P@L¥Ae FhidheleE6 1 BhBaltfidlfsEsnidid dopleite/sMoface Bt G REWt

not ati on uses scal ar normalization téernms in %T{'Oﬂt 0]

t Qﬁer&%&f %%u@ém 1@5%'@% h&t Jt%}g ?l:%, igv.atle%ro%ﬁg{r% oﬁgmﬂeagg?rﬁent _of

notat1 on ar.e snown be ‘oW I Zona

o a0t s st ot oS ReRORASk: R LR 5 gy
Z5 p"2*cos(20) sqgrt(6)*pr2*si n(29 Z6 pt2*sin(20

S GrEnBTREH pAt e, he e megsiroen apb paon 1 e eniance

sgrt(8)*(3*p"3 - 2*p)*sin(9) Z8 (3*p"3 - 2*p)*sin(9)

s gmEp gg thf B&tﬁnés de,zamﬂ)thedgg gpd mpasuppnRicHaelpgth 1s 780nm so as to
sgrt(8)*p”3*sin(30) Z10 p~3*sin(30)

s guipiogly pffget pafisaBiyatiog ahd Bl size. AG*menfioned tbove, the Zywave
sgrt(5)*(6*p~4 - 6*pA2 + 1) 4 2 6 MAR 2007 WO

22014118128 816 GvaRPEionUSRABBH0IA B3 rtof Zemaike pAPnorhidB @er Born & Wolf.
m sal irgnment is corrected. The wavefront aberration at

t iR a preferred embodiment, the Zemike polynomials are represented by the “Fringe” or

. l
University of Arizona notation (see Zemax User’s Guide, Version 10.0, pp.124-126).
Two differences between 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 Bom & Wolf Notation

Zl1 -1 o 1

Z2 p*cos(B) : 2*p*cos(8)

Z3 p*sin(B) 2*p*sin(0)
Z4 2¥pM2 -1 sqrt(3)*(2#%p™2 - 1)

Z5 p2*cos(28) sqrt(6)*p"2*sin(26)

Z6 p2*sin(20) sqrt(6)*p”2*cos(26)

Z7 (3*p"3 - 2*p)*cos(6) sqrt(8)*(3*p"3 - 2¥p)*sin(0)
Z8 (3*p”3 - 2*p)*sin(6) sqrt(8)*(3*p”3 - 2*p)*cos(B)
Z9 - p*3*cos(36) sqrt(8)*p”3 *sin(36)

Z10 p3*sin(30) sqrt(8)*p~3*cos(30)

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



" patient's entrance pupil is rotated 180 degrees ?gfmmgzmﬂ
“K)N%Smgsﬁphes the HSWFS. Thus, the Zernike coefficrents

mist be nodified in order to account for thPST/US2003/028370
rotation. This is done by multiplying all
“coefficients with odd-theta dependence by -1. Those
coefficients wwth no theta dependence or even-theta
dependtifeR1%: Bnags mispbigimens ds conected dpe 130efrant eberration at the
equi val ent sphere power, SE, is calculated by SE = [R
Ratents grptagesquupil B)romBH 230 degr@dsdefogrit {eB)Hed He, HSWES € TR, the
represents the fourth Zernike termin Born & WlIf

@etmltd cofficidamenner be thitified e asdbr MRESunVRY lieReiin 7 SRR done
focuses deeper into the eye than does |ight at 555 nm

Wi ingdipifing APcRBTteRts with ddAGHYE YERNGEL LY 891188 d c%%{ﬁcients with
normal human vision. Thus, the Zywave " erroneously
A AR RperieRBlok S -Hetd) ﬁ%%ﬁcﬁ%&:g G RO EShAQD by +0.45 D
different fromtheir actual necessary correction.
Thi s [ j at ste 40. The rrect power
adjus%ﬁéﬁfﬁﬁs&?8@?&@%%ggﬁﬁﬂgmggéééﬁcgmg@ﬁggyDefocus i s
primarily defined by the fourth Zernike term T3,
therefore,gﬁBhﬁbgﬁgﬁgﬁagﬂi}#ééy?aﬁﬁ@ﬁéﬁﬂt for this
gagyn%chronatic aberration. |If ocular bionmetry data

reclg rePERsERstthe foyeth Zemukegenms inBere foWolf notatibn. However, the
convert from 780 to 555nm could be optim zed for _
IHEFeTRRIA V2 YR iBEnm ocases alsepeb intacths eydithsn does lightat 555 nm,
bi onetry includes corneal topography or keratonetry,
abiicil is the neptidy 0bthe tiagelength regidn fooPima@day visidhi TRBE SR Bfwave
the crystalline lens. Fromthese neasurenents, a nore

prrendossly meahrb b phtiedts MbeskAP GblrstdbiBy +6 05 DB ENt from their
aberration can be perfornmed.. At step 150, the

atigamedeBdlAsea@tdbhS ThRcokilSicRIWEEdeSh étgﬂ 1 £ %%oﬁ&?gower

nmeasur enent being taken at the patient's entranc

R&jRL § rk @Ct & O i ~ ht hal i ¢
BRIl reblinfell 6L SOT0AE! Dol aorihonhl S RABD B T

; 0 I rfa custom.zed | OL )
20T, S0RRGR) R 005800 o B RPIAE i o
%ﬁ%@g&ég?‘%ﬂjg’% NA%)’ 9873% co Cg—tg ,_thégx 91&768034?56D defocus shift to convert

from 780 to 555nm could be optimized for individual patients on a case-by-case basis.

Ocular bioxﬁetry includes corneal topography or keratdmetry, 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.



“In a preferred aspect of the enbodi ment descri bed28 MAR 2007
above, the nmethod is directed to determning an
WO 240/@8356r surface paraneter of a dry-form CCLP@BESWNRELE370

to operate at 555nm from a wavefront aberration

measur enent of an eye. The nethod 200 is set forth in
Fig. 2. Process steps 110 through 150 remai n unchanged

but t hin acpeferet aspect o the emboditnentt descrived 8¥dve,thsmehas R d@foted
the contact lens. The 3-D sag profile of the anterior

S tis caermirffiy h aneirior GiRCOPRrANEERTta RRIGRNAEL ted GBS 1o
descri bed by the equation: 3-D Sag = (r2/ Rd%s/g% 00§’erateat

SGh bl fronf 2RERbht é'begat{o%'n%akurmgﬁtgf bn by he an? n{eiﬂ%? %0 is set forth

coordinate, Rd is the dry radiu

ggltﬁ:l Cf, eﬁé ste pr% 1§§t(t)hr§18%:]'hsl%6 %r}éaqn ﬁgc%[a e%i;u}? tﬁue Wge’ctiénsis %one at

Zer ni co fficient om al

F?ﬁ*e%n Figh St ﬁ%ev%réﬁ %On%s?l B e P Sh oS e o

pﬁ |cal jman eye is located 3.1 mmfrom
%‘ﬁ‘PE’r‘iOHF °§lﬂ°f“éﬁt ensfis deiseribed by e qaAEtiont he eye. A

typical customcontact lens has a _center thickness of

0.16 nun. ThBSageE/RayfreeartdnryRs)ocaZR) 3. 26 M awnay

fromthe entrance pupil, and this distance causes a

s Iwhgtetr iptheveadiag hdm‘rﬂinMe,tRmeieme riearadue df the wseri@rsudice M) 6k a set of

the correcting power. This shift is explained by the

f Qletnikbicogrfieightal P; @ senbiEZetnile plyidAalgRag ¥ cqd, HOVEke zeikk
Cis the correcting power Iocated 3.26 nmaway from

t ReerABARYERTRNnoRANGe oftheFBnge & [%ﬁlgr £ ﬁnﬁ{tﬁﬂom

160, the Zerni'ke coefficients are conv

vavefrent. defarnmesien wEﬁ ‘Pffa'h gefféﬁ%pfé '3108‘5‘ fro(m the arjgrior

def or mat1 ons. coe |C|en

ms&a%e Bf 'Jhg c&Jrqga m{oggg r i m %cglacgt&%%?gtfacttl%ns haga cenpef ﬁ)}ﬁ(fmess of

| ens nmateria gOTI
|f|es#lhe surfa to mat matﬁ1 . :
?@3& uE AT uE PR R LA e R i o5 %amfap%m%tand i
gar anet egsx_gt 0] dr%lgbbens par ame(# ers.
CIPBIT & SaF 6 PATHA Weeﬁﬁne@ﬁﬁF P?:“éelrle?"rc?é‘fl Herragecting
sag expansign 6 2 6 MAR 20
power. This shift 1s explamed by the followmg 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 Zemike 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



- WO 2004/ 028356 PCT/ US2003/ 028370 (sag_exp) factor for
the lens material. The normalization radius is di e ﬂﬁﬁ 2007
y the enpirically obtained dianeter expansion
wo '-’G’QH/Q%%‘@) factor. Both of these factors typiraiis2003/028370
range between about 4%to 35% dependi ng upon the Iens
material. A Summary of Modified Zerni ke Coefficients
and Normalization Radius is presented as follows: Na?

= (R et b Inat@ll U@ bkl / ' VAL
= (TE{* sg)ra{a(etg?fo(zgqeffenl) /aleg%O/ sag_ex plzmilzan rm%)fé ?8’?‘?%’% n

PR S TRt 4 PR %ﬁh;&gii%@f%%wﬂy
T9* e g&wgenrt ?gﬁfég} {o %)’/ éiepil&?glg)gagi&

8* (-1 / ) )00/ sag_exp ZlZ—TI
IT* sgr t%’% iaﬁ} f(l\??qlﬁ?ff)éﬁ‘%‘g Cey Cle‘?&@‘dﬂq@@h@@ﬂﬂ Radips {sn
0 O/ sag_exp Z14 = T15*(-1)*sgrt(12)/(n -

1)’?%%‘6?@/ logeh™ 715 = T16*(-1)*sgrt(12)/(n -
1)/1000/s exp Z16 = (not currently used) Z17 =
T13*s ﬂ%ﬁlmm 1)/1000/ sag_exp Z18 =
T14*s gZ4 T 10Y#qri3)in 1))/ 1DOBsis axpexp Z19 =
T17* (-45=* 3§t attda)(d { H/H00034gl8Q0/ sag_exp Z20
T18* (-2 = F¢Tsttla)d { 1/100034g18Q0/ sag_exp Z21
sgrt ( 14)# [0*(~1) 190k SHRR 01 BI@00/eaP exp

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

Z9 = T10*sqrt(5)/(n - 1)/1000/sag_exp

Z10 =T9*(-1)*sqrt(8)/(n - 1)/1000/sag_exp

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

Z12 = T11*sqrt(10)/(n - 1)/1000/sag_exp

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

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

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

Z16 = (not currently used)

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

Z18 = T14*sqrt(10)/(n - 1)/1000/sag_exp

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

Z20 = T18*(-1)*sqrt(12)/(n - 1)/1000/sag_exp

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

Z22 = T22%sqrt(14)/(n - 1)/ 1000/sag_exp

Z23 = (not currently used)

724 = (not currently used)

Z25 = (not currently used)

Z26 = T19%(-1)*sqrt(12)/(n - 1)/ 1000/sag_exp

Z27 = T20*(-1)*sqrt(12)/(n - 1)/ 1000/sag_exp

T23 *

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



© 222 = T22*sgrt(14)/(n - 1)/1000/sag exp Z23 = (not
currently used) Z24 = (not currently used) Z25 = (not
currently used) Z26 = T19*(-1)*sgrt(12)/(n -
1)/ 1000/ sag_exp Z27 = T20*(-1)*sgrt(12)/(n - 26 MAR 2007

wo 200402834300/ sag_exp In an exenplary aspect of
preferred enbodi ment, the patient is fltteoéﬁﬁzﬁ’méozs”"

prism or peri-ballasted spherical trial |Iens of known
geonetry. The power of the trial |ens may be piano or

' .' s spheri cal - equi_val ent
oH ¥, 3 BOmh o8 Hetborts REAE SRt Lo The wavestona
| en referab be made of the sane material as
g °€:&mea’?‘ﬂé‘5 %&‘iﬂ tkl%a*it{?téﬁ warg the triaf ens. The measupsanest is| y
cho%gn to include a pl urallty of base 7 2 6 MAR 2007

SREsToDOIE ! e )4 EiAboBibasS Mbich i wieess theictston gens
mat ched to the patient’'s needs, simlar to the CCL.

niphificalans il he centeivsi: This iop isi dspined SUISdn Rpirte. tihe
patient wears the trial [ens. The neasurenent is

meesrenatthontakévantoandoant edfects BEhGX, 6if exhmple! kAl 4QNS,
which is where the customlens nodifications wll be

deentaiondensldtf@mati@ihs itadHaBY 16 1REoRlea 1OR A eﬁécﬁ’éj ffhs ?dta on,
The nmeasurenent thus takes i nto account effects su 111

etdSTt i MienQAFIW B, sed BADAdH 41 | L
deformati on as iste adher es teo t lle C rﬁélg% gdzg\?]g r%

;& fon Ji@g 101 bl he a%L&%mét& pfied! FSThERLL! lﬁg'p}ntsﬁe

see the OZ on a lens ent

bifilled %%%é?%%@% RASHEE Yf“% ﬁ%rtﬁwe@egﬁﬁmé“cm@ﬁﬁa ey Thwseid
. le t d la to.th t
et IR oSS BB B e e
QZ such_ that_ it wll be visible when vi ewed
Wf"f?}e"(?ﬂtgﬁ’?"ioﬁ eIn %?f%’fr ?dd‘ﬁt’“% dipsgpted nfig 3pthefial feag 3edsis ansiexed

jllustrated nFllg , the trial lens 302 is indexed
with a lathe mark 304 1n the form of a ring having a 7.3mm dry inner diameter, that is

centered on the OZ of the lens. The ring was made with a 1mm tip radius cutting tool.
Other ring dimensions or index markings made by lathe cuts, laser inscription, or other
means known in the art may also provide suitable centering marks. Moveablé crosshairs
306 in the wavefront sensor device are centered on the wavefront measuring beam, and a
variable circular indexing 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



‘"with alathe mark 304 in the formof a ring having a
7.3mm dry |nner di aneter, that is centered on the (Z
of the lens. "The ring was made with a Immtip radi 2§ MAR 2007
cutting tool. Oher ring dinmensions or index markings
WRAE/BH3¥at he cuts, |aser inscription, or otheCT/URM028370
known in the art may al so provide suitabl e centering
mar ks. Moveabl e crosshairs 306 in the wavefront
sensor device are centered on the wavefront measuring

beaink mavdd avery 85 breB0l degreby lthéWend A G
al so centered in the %:fosshm s Tﬁe’édr??tg{%g?g?é%& tﬁ?ﬂﬁoumaﬂd

308diréctioh aOWest i) df the leﬁ‘SQ'bﬂﬁJ)rgg‘T‘ne u1ed an I%cco{jllt tgﬁ fox rdé’ang the

mar k 304. The wavefront -nmeasurenen

on I n_Fi smal |l circle
310“32‘#1%“51%{%‘;%%%’5 ?lle’?r%% VeI5ionsfog H%F?z‘aﬁl%ﬂé‘i“l%ﬁ Zgmikerfainge
eye . hot. rel evant to an understandi ng of the
insf‘??ﬁcmﬁvgﬁﬂ%ﬁs units gwi se, bright spots 312 are
instrument. LED reflections fromthe cornea and are
not r el egdiftticd pprmplizafionsragive =inaweatizition radis) er nat i vel y,
the 0z of4TH& trial lens can be encircled with a ri ng
or dots &f =i4derstBie; Z'¢m2idpr oved 8 2 6 MAR 2001 WO
2004/ 0285866 ZX:Fin@8DC0ZBLBR837D i nk pl aced every 15 or
30 degr e®s=diV*tds6l)F E3¢singd) t he dry state. Thereafter,
t he anoukt =aivdsin@) + &stcaam)( CW or CCW of the |ens
rotati omA9s Zieasured and accounted for during the
manuf actAlrG ng10fcot(bed) - eng+sinfBegyconver si ons for the
rotati omad*zsogd](ﬁqgmlzqu»pgdé@m coefficients in dry
| ens uniA® age+coaghdysizad i) I i zation radius =
nor mal i z@ig,l:og-lf@qll( +Z“}§*' [% = Z 5*cos(2*d) -
Z' 6*si n(2fd) 714G -(d)Z 53 + Z' 6*cos(2*d) A7 =
Z' 7*cos(gh)s = Z;ﬁ%m%d) Z' 7*sin(d) + Z 8*cos(d)

Al6=7116

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

Al18 =Z'17*sin(4*d) + Z'18*cos(4*d)

Al9 =Z'19*cos(3*d) - Z'20*sin(3*d)

A20 = Z'19*sin(3*d) + Z20*cos(3*d)
‘ A21 =Z21*cos(2*d) - Z'22*sin(2*d)

A22 = Z"21*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 = Z"26*cos(5*d) - Z'27*sin(5*d)

A27=Z26*sin(5*d) + Z27*cos(5*d)

The hardware configuration of a device embodir;lent 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 camry the



A9 = Z7'9 A10 = Z' 10*c
Z'10*sin(3 *d) + Z'I *cos(3*d) Al12 Z' 12*cos(2*d)
- Z'13*sin(2*d) Al3 Z' 12*sin(2*d) + Z 13*cos(§%gMAR 2007
Al4 = Z' 14*cos(d) - Z 15*sin(d) Al5 = Z' 14*sin(d) +

woO Wodbdsssms(d) Al6 = Z'16 AL7 = Z' 17*cos(4*d) PCT/US2003/028370
Z'18*sin(4'Kd) Al18 = Z' 17*sin(4*d) Z 18*cos(4*d)
Al9 = Z' 19*cos(3*d) - Z 20*sin(3*d) A20 =
Z'19*sin(3*d) + Z 20*cos(3*d) A21 = Z' 21 *cos(2*d) -
azg%rﬁﬂrﬁ‘ 625, The detié23 3D i€ prateraiis fltd)haf'"ls Zor%%ct@@ﬁ)(a%ﬁl‘rﬂce
Z'23*cos(d) - Z 24*sin(d) A24 = Z' 23*sin(

7 ’%%bﬁ’?'%”g’l’?ﬁég%% tor %‘%5@2 Lﬁ(’gk’lz‘?“ 4 9’%@6}? 0y tbs ggparfﬁné 340

har d conf i t|o ﬁl ce enb ﬁP ?

t Hépﬁ T " ys‘h°8 6*8& 5‘8 5@?‘5 SO g
evi ge readabl e nedlun1310 i ncludes, an_al gorithm

z‘i@f\(anf@ml lathe grigsitechn Feensel - Fos Ush e plant ¥ Cisich jaggréysiem. For
desired result) for determnin a surface paraneter
ofcomsalopfiadiize pHISeTY OF #detviva gnlgsuégﬂ 369, the appazatye3A8 praferably is an
nmeasurenent of an eye, as described in detail above.
Thexcoev lase sygedabl e medi um can take any well  known
formsuch as a disk or diskette, CD, DVD, wavegui de,
et c. t hahilecarfioussadyyntigaeus embodiments have been chosen to illustrate the

cos(3+d) - Z'1l*sin(3rd) A 1 =
|

invention, it will be understood by those skilled in the art that changes and modifications
can be made therein without departing from the scope of the invention as defined in the

appended claims.
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al gorithm 320. The device 330 is preferably a P.C

that is connected to a surface machini ng appar at us

340. For a CCL, 1O, or in-vitro inlay (all 350), 2t6hMAR 2007
apparatus 340 is preferably a nunerically controlled,
multi-axis |lathe such as an Optoform 50/ Variforn(r)

ICddihe: (Precitech, Keene, N H., USA), or an excimer

| aser system For corneal refractive surgery or an
in-vivo inlay (all 350), the apparatus 340 preferably

is an excinmer |aser system While various

dvan ' ts.have been chosen to
FUT uot PRARUER R BRRAL ORI £ RS pliRRR O B B Sortg of o iy
those skilled in the art that changes_and
SR P LR USREONES e B draigRed h aPEAIY Ak I refe day vefignt
fromthe scope of the invention as defined in the
shspHaterepeasuEsment of n oy cumRrisiog7  C ai ms: 1. A net hod
for determning a surface paraneter of an anterior
sur f aleingf taaldens, on pattentis eps;r ecti on cont act | ens,
designed to operate at 555nm froma wavefront 5

aber rigaking a MRe o IR suRm ANt Rh LCRARAN SHtiREI zonk ke did8F the
atrial lens on a patient's eye; making a wavefron

tRBPRHY, GHE B 2 {dIEQUBR Aufiin LA ud L on.Qf

the trial ?ens, angézt a sgkgg éﬁﬁﬁégéﬁgggéﬁﬁngpgﬁgmnmn
i an using a known neasurenent wavel ength; 10

%@%&%ﬁﬁhing an anmount and direction of rotation of the

trial ,lens .on the patient's K eye; . )
determining an amount and direction of rotation of the trial lens on the patient’s

eye;

correcting the wavefront aberration measurement as necessary to compensate 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.
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" correcting the wavefront aberration neasurenent as

necessary to conpensate for a neasurenent

devi ce-i nduced m salignnent of the measurenent; R 2007
determ ning a defocus refractive correcti on based GﬁoMA

the aberration, 15 neasurenment; determ ning a

chromatic aberration correction for the defocus

- 2orr eThd Bthod @€ LRI 1NiWAGreth OWRP of Bblalnif®h WAGLASR abbration

account for a correction surface location different

ekt CERAPHER TR ralth S aBeGAbA-QBs crib IRy }tfdori]rg t0Si
§ PR ioie i,

aberrati on neasurenent roma waverron ormati on

ns, surface deformation; and nodifying a
%ﬁ %gﬁégggggﬁﬁhtion paranmeter to obtain a

orrespondi n ry.lens _deformation paraneter. 11 2 6
MR 20¢F; eté‘.ogﬁﬂ&%ffﬁt > e@ngJi%ﬁwpﬂyngW&léﬁ fZemikespadynomial.
of obtaining a wavefront aberration measurenent .
tonpr Themehed of alaimd, whergirethe ateb of obleing dimagefront aberration
pol ynom al having associated coefficients. 3. The
measoounent cahprises naking@the wivaswemettrue apelvyleagihadf 786na.
Zerni ke polynomal. 5 4. The nethod of claim1,

Sher eTlie mbo8 bEPlaith 10Wheéreit te s@p VRYBhIY a RBGEFGH: aBE ration
measur enent conprises nmaking the neasurenent at a

. . | aj. el n.
RS o B0 P HIS e R R L s HIEL Dt
renent conprises meking the measurenent through a

aS
@?‘?gﬁ > %6ns engaged with the patient's eye. 10 6. The

thaod of claim1, conprising nmaki ng the neasurenent

‘hrou I&C@@&Pg plaig, %ﬁﬁnﬁ)‘b?t‘@&:@?kliléﬁl@ greagyamentj thiougle g senter

and/or a central optical zone of the trial lens. 7.
ofiea apticd gane pf dieariahlans andér @i cantril @pkioal wonerefitha teateers.
pl ane is an entrance
7. The method of claim 1, wherein the known measurement plane is an entrance
pupil plane of the patient’s eye.
8. The method of claim 1, wherein the correcting step comprises correcting for
device-induced rotation of the aberration measurement.
9. 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.
10. The method of claim 1 or 9, wherein the ocular biometric measurement includes
one of a corneal typography measurement, a kerotometry measurement, an axial length
measurement of the eye, and a crystalline lens thickness measurement.
11.  The method of claim 5, wherein the ophthalmic correcting surface is an anterior

surface of a dry, custom-correction contact lens, designed to operate at 555nm, further

comprising:
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" pupil plane of the patient's eye. 8 The nethod of
claim1l, wherein the correcting step conprises

correcting for 15 device-induced rotation of th26 MAR 2007
aberration neasurenent. 9. The nmethod of claim 1,

wherein the step of determning a chromatic aberration
correction conprises obtaining and using an ocul ar

bi oMedonberting A ABARAbN hRafRéth &t FRom b %v@ﬂ?&ﬁ@fdrﬁlatlon to a wet
aberration correction. 10. The method of claim1 or 9,

Mﬂ@gﬁﬁ@eaggng Ilagln@lonetrlc measur enent includes 20

one of a cornea typography measurement, a kerotometry

neasu nt th neasure nt of the

and anETBbe Ak Bt Becor P pas B R Lo B Formeappndifgey lens

£%$hod of claimb5, wherein the ophthal mc correcting
aianparameterne erj or  surface of a dry,

customcorrection contact |ens, designed to operate at

B55nn] hermethné of cleimpr samnprising ftting @ paR- 208 Peri-ballasted trial lens.

converting the aberration nmeasurenment from a wavefront

deformation to a wet |ens surface defornmation; and

nodi fying a wet | ens defornmati on paraneter to obtain a

corresponding dry lens defornmation paraneter. 5 12.

The method of claim1, conprising fitting a prism or

a peri-ballasted trial lens. 13
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