PATI ENT- ADAPTED AND | MPROVED ORTHOPEDI C | MPLANTS, DESI GNS AND RELATED TOOLS
RELATED APPLI CATI ONS [ 0001] This application clainms the benefit of: U S
Ser. No. W0/2280154B85, entitled "Patient-Specific Othopesce/useqmboascso And
Model s filed June 24, 2009; U. S Ser. No. 61/220,726, entitled
"Patient-Specific Othopedic Inplants And Models," filed June 26, 2009;

US Ser. No. 61/273,216, entitled "Patient-Specific Othopedic |Inplants
And Model s" filed July 31, 2009; U S. Ser. No. 61/275,174, entitled

"Patient-Specific 26, 2009;

U S. Ser. No. 61/Eg%ﬁE@@SﬂgﬁYkﬁﬁéﬂakégﬁﬁéﬁNngégiéhhbﬁgLﬁﬁ%ﬂ%ﬁed Ot hopedi c
| npl ants, Designs and Rel ated Tool s" filed Novenber 4, 2009; U S. Ser. No.
61/ 284,458, entitled "Patient-Adapted And | nproved Ot hopedic Inplants,

Desi g@@(@ﬁ@UﬁQ@FTBHEsINYENMOUeceWber 18, 20009. [0002] Thi s application

ai s _the e No. 12/.660,529
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Toolsln5$k§deebruary 25, 2010. [0003] Each of the above-descri bed
applications is hereby incorporated by reference inits entirety and for
all purposes, and this application claims priority to each of the
appll at es
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Col | ectively, nany of these issues have arisen fromone or nore differences
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features to be patient-adapted). Mreover, related nethods, such as designs
and strategies for resectioning a patient's biological structure also can
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aspects. [0007] I'n certain enbodi ments, patient-adapted features of an
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anal yzj n test dat a an cting and/or designing (e.g.,

ot copdeath g Sdre BT MO R TRFGHAER, or est ontng) an | upl ant
comgponent, a guide tool, and/or a procedure having a feature that is

mat ched and/ or ogilnlzed for the particular patient's biology. The inaging
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portions of the joint or surfaces within the joint. Certain enbodi nents
provi d&°GET hods and devices to create a desired nodel of a joint or
pgptions or surfaces of a joint based on data derived fromthe existing
joint. For exanple, the data also can be used to create a nodel that can be
used to analyze the patient's joint and to devise and eval uate a course of
corrective action. The data and/or nodel also can be used to design an

i npl ant conponent having one or nore patientspecific features, such as a
surface or curvature. [0008] In one aspect, certain enbodi nents provide a
tibial inplant for a knee arthroplasty that includes (a) a tibial tray

si zed and shaped generally for placenent on aproximl surface of a tibia of
a patient with at |east one insert |otking nechanism and (b) a first
insert, a second insert, or both a first and second tibial insert. The
first insert can include a first reciprocal |ocking nechanism a first
bottom surface for engaging a surface of the tibial



tray, a first articular surface portion generally opposite the first base
surface, and a first thickness extending in a generally perpendicul ar

di recti orwbepweesnssshe first bottom surface and the firs®camseawioarssesur f ace.
The second insert can include a second reciprocal |ocking nmechanism a
second bottom surface for engaging a surface of the tibial tray, a second
articular surface portion generally opposite the second base surface, and a
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can be neasured, for exanple, from geographic centers of the first and
second contact areas of the first and second articul ar surfaces,
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and/ or fromthe point of the first and second articular surfaces that are
closest to the first and second bottom surfaces, respectively, and/or from
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t he fiaddtesseddn gecgrdifichii@knesses can be average thicknesses of the first

aﬁs second inserts, respectively. [0009] In some enbodi ments, the first

t AiPckness of the first insert can be substantially greater than the second
t hi ckrgsanPA RV EFSASRINVENRIGN FOr exanple, the difference in the

t hi ckness of the first and second thicknesses can be a statistically
significant difference. Alternatively or in addition, the first and second

t hi cknesses can a clinical signifi.cant .difference, such.as a
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and/ or bal ancing of at |east a portion of the knee. In addition, in sone
enbodiusent eormeaheopographicalath Bew dhuicyonSinhthalwic lenses tidbids) for eptraple, ewatrchave

di ffenent, GHENALNE RRQNAEIRETLIY S, AL Gl AT, Sur face portions and/or

di fferent>s op@s on réSpec?lve‘%f Icular surface portions. [00010] In

anot her aspect, certain enbodi nents provide a tibial inplant for knee
arthroplasty that can include a nedial tibial insert conprising (i).a
subst dnenethenaspech ahtheiipyration thorraetod ard wrgHag depignsidr apcd lpﬁheagbflﬁ%ﬂpnf ace
and (i 1 1S ri face: and
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madi althd exvmfatavehodydae fréxhttiereyat i vely or in addition, the tibial inplant
can include a lateral tibial insert conprising (i) a substantially planar
inner surface for engaging a lateral tibial tray face and (ii) an articular
surfacg e Hiith&! 3B RO Ak thrtian, asdé!’sifgﬂ%r & @}}h%%n&ﬂ@nsdp 9&%@%&3’1‘@&1@ Lt 1
curved portion for opposing an articular surface of a lateral fenoral
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inner surface to the articular surface of the nmedial tibial insert can be
di f f eradpits Fovemat 41y latatiopunntl aptigalozeng psateserthedibyrabtraqiing deeontisak preveaiof i cul ar
surfa f r i bi i t XI I.st.an f t he
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surface of the lateral tibial insert, and/or the average distance fromthe
i nner ¥APfce to the articular surface of the nedial tibial insert can be
dippf erent fromthe average distance fromthe inner surface to the articular
surface of the lateral tibial insert. [00012] In sonme enbodi nents, the

di st ardgendthamspdre of threnvestivh,acaethod tdhgenardté aubEnthdmid koedsignt ineludedhal
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| ateral tibial insert. For exanple, the distance fromthe inner surface to
a central point of the articular surface of the nedial tibial insert can be
different fromthe distance fromthe inner surface to a central point of
the articular surface of the lateral tibial insert. Alternatively or in
addition, the distance fromthe inner surface to a central point of a
contact area of the articular surface of the nedial tibial insert is
different fromthe distance fromthe inner surface to a central point of a
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articular surface plateau of the lateral tibial insert can be
patient-matched to the patient's lateral tibial plateau slope, or it can be
pati ent - mMOChBd51535t he patient's nmedial tibial plateau PCOAS201003%60ME
enbodi ments, the tibial inplant can have a first tibial tray that includes
a nedial tibial tray face and a second tibial tray that includes a | ateral
tibial tray face. [00014] In another aspect, certain enbodi nents provide a
met hodofaartimathie mgrreak ohoghphicrghtame raddoal power mnaps; epdractimgtherpostefpdrachaygea knee
of a Bat{en%. The ,nmet hod ca@ i nclude one or both of the steps of (a)

el ect PGATEAT PP QD BT & n?%%%?ﬁgpg%rtion of the knee based on i mage
data of the of the knee, and (b) specifying one or nore paraneters of the
tibial inplant based at least in part on the evaluation. The specified
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i nclude the step of planning a surgical result based on the electronic

i mage 2gAYating a lenppeveirofleknee and, optionally, the specified paraneters
can define, at least in part, a configuration of a tibial inplant to
substantially achieve a planned surgical result. The surgical result can be
knee balyanaiotigr dipettngf the mvegicdatatp fackdtotd papdatioptis comideyed. t he knee
balancing can include knee bal anci ng during extension and/ or knee bal anci ng
d ping flexion. Alternatively or in addition, the surgical result can be
knee '9Q5? ' , KNES_ | Nei-ACl ude knee
alignggkt o} ﬂ%ﬁgﬁgﬁ?gg%égggghﬁ%g%g%)knegIﬁ#?gﬂﬁ%ﬁ%“%§ﬁg¢ghechanical axes.

I n sone enbodi nents, the knee alignnment can include knee alignment of the
patient's fenqur and tibia, for exanple,. |in l i gnnment. ,and/ or rotationa
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surgical result can include establishnment or reestablishnent of a
particular joint line for the patient, for exanple, establishnment of the
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the patient's knee. [00015] In some enbodi nents, the nethod' s step of

el ectronically evaluating at | east a portion of the knee can include

det er mh Retghothet bdpcet EMBEinvBntidhe the bt devign Posict profiloiks calculatdtly a¥cia@frgi 20N of
first and second articular surfaces of the knee. Alternatively and/or in
addi t ingwidigngdo 3 resptigiallyspmmegig ©41 y eval uating at |east a portion of the
knee can include determining a jointline of the knee, for exanple,
pre-surgically determining a joint Iine of the knee and/or postsurgically
déder m getnaothey aspatt dfitheineéntidne theries. dek@APd6kr profiknietchlenlaaslgctveragaret ai n
enbodi.nent s provi.de a nmethod for nakinq.a ti bial inplant having at |east
one of NVidEiBericiansita e ORI Batonly Symmatds ™ i pi al i nsert that

substantially matches a patient's biological feature in one or nore
measurenents, or as a predeterm ned percentage thereof. The nethod can

i ncl ude yotremother bepeht affthe mecticmpmetifod§ af dgraaopeicasds Ve sjowidgmydpyd ng a
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sgbst andohiputey. t he sane feature neasurenment or a predeterm ned percentage of
the feature neasurenent identified in step (a). In certain enbodi nents,
step (b) can include designing at |east one of the nedial tibial insert and
| at er I hial i rt ! t er-~aided 1R I ng
compuitiy it RGOS R RS AR R om0 S8l

i nser tleryayfonglowvid ARkpih @addieRiond theintdtloGinbRidantdnatitingtchmesibtdpodrapiici deta
measur enent or a predeterm ned percentage of the feature neasurenent from
step (CHIACEHOOL ] cYfitoshirdiad ARwe! MahEsnSrtingrelche ponser, Profils aad wsing khg RAWS)
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insert thickness substantially naéchin% a corresggnding Lhicﬁpess f
r esec SBHaGsaYgh fests dthe Wopren s syedet emiRherficrone exiagig mdredidiscand hser t
perimeter shape substantially matching a correspondi ng patient perineter
shape or a predeterm ned percentage thereof, an insert surface slope
substantially matching a correspondi ng patient slope or a predeterm ned
percentage thereof, and an insert sur8ace curvature substantially matching
a correspondi ng patient curvature or a predeterm ned percentage thereof.
[ 00018] In sone enbodi nents, designing a substantially matching or sane
feature neasurenent can include snmoothing a line or curve of the patient's

1 . v o " e .= o .



The first articular surface can be higher than the second articul ar surface
relative to an anatom cal axis of the tibia. In some enbodi nents, the
tibial imngbanto/ismssudes a single tibial inplant tray, opCirarsaélop3swse h a
single tibial insert, or alternatively, with dual tibial inserts. In other
enbodi nents, the tibial inplant includes dual tibial inplant trays,
optionally with a single tibial insert, or alternatively, with dual tibial

i nser tpdyrafityrof emaripl the leans powgt & aniy hocation nsthe opfical zemcl dofcribheé by wubttachngal
inmplant trays. [00Q20] In_.so nbodi nent t t hod. can further include
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arti cly-@bk&iolRSrcalnertOme enbodi ments, the method can further include one
or nore of alignhing the patient's joint, assessing the alignnent of the
patient's joint, and adjusting alignnent of the patient's joint. Adjusting
the aljignnment, of a ient's.joint, can,includ for. exanple, one.or nore of
adp ust! g’at arn8£hae€ F‘%ﬁ%ﬁo"aﬁé“? PNRR SCleR dnohK e’.eé‘ﬁ?‘ﬁ%blf 8}5%}‘%(“0518 ISP near

al i gnnefts ff stohengalybpiatprsertBidit theandhadindhidenenatitgprntiiofht dde patient's
femur and tibia. In sonme enbodi nents, the nethod can include adjusting a
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i ncl ude one or re of ‘ba anci-ng a patient's 10|n{, assessi ng the balance
of t heupaindedbys gedphdral zmnd vadghus ttungr sieobrlkcdbg an oligd tumcpaitd edtincsvg oi nt .

Bal anci can jnclude, for exanple, balancing of the patient's joipt in
ej{)en§}1 ea‘?ai]&F]I%) FOSISPIF the ycgigr s F%G%Temtrﬁ?%woéﬁﬁ%‘&?%‘%t@, INPH et Mol can
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sur gi ¢l opteslpawarnd theptye aftat dryhgkerataogy meptinket fsam gheoaiticpl moed before | N sone
enbodigsﬁ%s Ehetne hog's step (b) can substantially achieve the

pr edeCEPRFHBGIGY A T esul t. The surgical result can include, for
exanpl e, one or nore of joint balancing, joint alignnment, inserting a first

insert, adjusting balance with a second insert or trial insert, adjusting
allp gn iERERPESCRISIIONOFREHEIDBAWINGS | nsert, inserting a second insert,

repl agiAg second insert or trial insert with a third ins r. trial
| noer o 0ol R RS e antshe evdiepPorb i Ripoetiohy pab of § figh B s pfbiedsh yfor
adj usttd bghédcrgoldeNt wWith a third insert or trial insert.[00022] In another
aspect, certain enbodinents provide a nethod for bal ancing or optim zing
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i ncl u@ggseageqlt%omk%mg&o%}he steps of (a) assessing the patient's nedial
joint gap distance and tension, (b) assessing the patient's lateral joint
gadp dilGahskovanttic defiseérar bebwndn (o) aveedged postgnd peepeandentcormedi @bogmphyt at er al
tibial inserts to provjde proper gap di staggr%{q?nd tension. In sone

enbodiMaRIOE 2 e febstbisets hang mndsgoncgrio FPHCHREr t s can have
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insert in step (c) is selected fromanong two or nore nedi al ibial” inserts
havi ngnagpis fof e igenip afRibckbiests dsviag dhdergotpeorimkentodol)yl tatagmet, triyiatdd th asert in
step &C%Wits Sfegdéﬁ(:ted fromanong two or nore lateral tibial inserts having
di f f err&HECY Bsses. The selection of one or both nedial and |ateral

t i alFIGESRLHS thAFbvRe pusEE of @ I assigmtdcadridelt6 Slcahferkidg. patient’ s natural
medi al and/or lateral joint gaps, and/or it can be used to substantially

r est oddGt hehqyes the grvadonsaafesien prafdershased upqrogale ofi the armsegrsallad gect |

certain er ' Vi Lt f P nting a tibial inplant in a
patien m?ﬁﬁﬁg%HE%%%ﬁﬁgg%ngﬁgggﬁglﬁgpﬁﬁﬁa%ﬁ@FUdes (a) atibial tray having
a first surface for affixing the tray to the patient's tibia and an
opposi_n &second surface for engaging a nedial tibial insert, and (b) two or
nor e AILEDRESCREBEION having different thicknesses fromwhich to
sahec 1 i b i rt. f.or i N 1.Di . ln

200t by MR, (bl LR cbrcpl o BART Rty rpifecieppEhubedied 1

i npl arbntact langeata érliberaciy eld thd sHape of thepkaicd menica t Bramakmglthiesittbbjoracd i bi al
tray ving a first surface for affixing the tray to th atient's tibia
and” aflappBSURG Y eBRAPEGH PAve Gidhe RN e H1GRap ) ox0 BRaPaTh Iy hasand
(b) two or nore lateral tibial inserts having different thicknesses from
which to select one lateral tibial insert for engaging with the tibial
tray. [00024] It is to be understood that the features of the various
enbodi nents descri bed herein are not #utually exclusive and may exist in
vari ous conbi nati ons and pernutations. BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 00025] The foregoing and ot her objects, aspects, features, and advant ages
of enbodi ments will beconme nore apparent and nmay be better understood by
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[00028] FIG 3 illustrates a coronal plane of the knee with exenplary
resection cuts that can be used to correct lower linb alignnment in a knee
repl acemawo;20{0060388] FIG 4 illustrates perineters and acedas2ab/089%60 bone
surface areas for two different bone resection cut depths; [00030] FIG 5
is a distal viewof the femur in which two different resection cuts are
applied; [0003 1] FIGS. 6A and 6B depict the posterior margin of an inplant
conporientffeebbetedna id/degraded ingoedt afshagye. fpgpially dtatgacodrigsltaptst ldesds wed

f i i dat that .t he | I t t d t interf i.th d
st ays O EAP i et GiinesTysed B Gngdo] TP eRorbRE Ry s Bl BREhb iy y
uni conpad [He ok &e dE?ﬂIa%IuriﬁE gl(elle:@té@rhg&raﬁiybﬂlaiené Rl caftal GBARANENS HatkShsh feaget her

w t hout™ (FI G 7@& and w t B) a polyethylene |layer or insert,;
[ 000339 aF¢dstionsat @yeipindich graduallgiregressenti.ct thgeornsh reftuap te it Borswh shape) ng

medi al _and | at.eral, resegtio ut . facets. on a patient;s proximal tibia;
060387 e SRRl S Mok bl e R e B r B sPs B TR &Y5Refiow
tibi al3 givparpaidisd opm thetdee 0SRproasieh and thetodl efizthtaink Riraéduce® venemhysiope
(FIG 9B) for a tibial inplant conponent; [00035} FI GS. 10A- O show exenpl ary
ti bi aldurippthentakigpBoush ewithoatt thedepd eweartangifenm of eoptagt temsesipalsPechcdss)s; FI GS.
| OP- AD show exenplary tibial inplants designs that include a tibial tray
with a single inserts, with a range of insert surface shapes; [00036] FIGS.
11A- C Ademiintenéodesopbayuygndsadioathokdrdtol @fydraabeal thd ratgcp@t dsthé eate of lyepiai npl ant

conponents and rel ated .single and dual piece insert surfaces; 37] FIG
13%@%&@% RO POy R BRRPYY fOpICEHen gBIIIb%IE’n(IhOt Al Uré‘gﬁf) aaI%a@m
retai %h@%al[iﬁ@&%@£C@§Oﬁ§tﬁd v_l%_@thds%ewthﬁg@gmtmaﬁgén@kaaml% | mpl ant
conponent that are |iganent retaining; [00039] FIG 14A and 14B eypl ct
enbodilersas sot@hlyahavicliradudtiop irmmyopgie nMpdreaductiopimte r{tFloGmybid)pragrdssidnai.cdo
not i npi nge | G,.,14B) ]iganents.. 0040]. FI G  15A-C depict steps,in a
or 0ce S° PR L HiF g alopREoT Bt Binfcaae R A1 TR PTYORDBORER Y B h G
depi Ctoptibdl @BaRE sRMEEd MaBe B§rnéb ey @RINcRiNoby. Bh dffedt B IRKEr0PPARMbS that
includes a stabilizing fin (e.g., a PCL-sacrifcing patient-specific tibial
i APl aprsayndise se Jhat (ho@oupdl réfra@8yve pIweria Aol Brirksdlass pestiéve) whie the
cross-sections of tibial inplant onents having a post (or keel or

2 Rher A Dl pdwerd mo:ig) 0 e&? i } 9 p (
pr oj edti'Bh pt oj ec?l%g 1 PO RRE"SUrTace™sr the i npl ant conponent; [00043]

FIG 18 shows proximal tibial resection cut depths of 2 nm 3 mmand 4 mm
[00044] FIG 19 shows exenplary snmall, nediumand | arge bl ank tibial trays;

[ 000431 apresgredgpbadipep e mgtheds of tagwavetipndayly hatinoemer! tepographydaty ay
e ' ! ) .
o i iy deted i ARl AR RGN Bk R REM B, TRAMIQ B {eh L MR RP 1O

t 2Bi alprégressson JfeNdprd. Edracal 28 gsdphwslati ix caleetydl faony atpatiént usipg af or maki ng a
pol yner .g,, polyethylene) insert for,a tibial |pplant conponent; FIG
22B st(IﬁéE%I%EOé@‘I)HetSEFh & BesHoR 8 LaiopISaPYt Oatiken 26@%3%, FeBin Bt er ent

di st angeSrdghiCddidIR REMIRE BYdeoa81 foRRel I THAROARL D Fdifhar Tifie PRAWS iALnEBRAI ment
in which the shape of the concave groove on the nedial side of the

j 0i nt 46 depipighs porhexes ofciiabeva pdweaaldatansert is mat ched by a convex shape on
t he opposing surface of the insert and by a concavity on the engagi ng
surface of the tibial tray; FIG 23B illustrates two exenplary concavity
dpgengiigans 1186wl e Reapt BenslréRativehoret diAlyel PROEB orhORRNORIY as[ 00049]
FIGS. 24A and B illustrates two enbodi nents of tibial inplant conponents
havi ngnesbwpe 8y gaddaokenatoscangr yktigpododo)s rIvBlcoksratascepefimgae ehiie tsame 26
adaptip I Il 0 n for narti r ' ; . FI G
26 11 (9% et B B Bho AR i R bt PElr R b PR ES.

[ 00052} fehiGetivEpadepiof the caried $efire thdafeoxiorbkdratologly. Bhik hagefpaticiet popwand a
snoot hed perineter line for designing a tibial inplant E)eri met er; [00053]
FI GS. changeshaws the qgatrplahit ofrpasyes wptharyingediresion i-& bkiseolarmanddbe i ncl udi ng
a}penoyr . 1 aq : I i thates a
s R S G S S LS L B T v R S A
cer t aidiffaesdecanaeisbid awsisfopthctdesigh powbomafilcanpatedifeecipatndevit]’ controllthatate
plateay; FIG 34B illustrates anatom c sketches (e.g., using a CAD program
t o mafi PHCREPTAE Rl of



the patient's biological structure) overlaid with the patient's tibial

pl ateau; FIG 34C illustrates sketched overlays used to identify the
centers oVotolwerseiseés and the centers of one or both of wPhe/usatenadésand
medi al pl ateaus; [00055] FIGS. 35A to 35C illustrate one or nore axes that
can be derived from anatom c sketches; [00056] FIG 36A depicts a proximal
tibial resection nade at 2 mm bel ow the | owest point of the patient's
medial tibial plateau with a an A-P slope cut that matched the A-P sl ope;
FI GS. .36B an 6C jl.lustrate an inplant selected and/ or desjgned to, have
00% & 0 PagBORT ek 55 ey o SEuier g 16, PR APta0R 1S RRERts shkhith 47 c
descr itheviaxapltadcspSheRsurdsQhe BEHhEQ rsHAﬁ%% Ho®&Q & ih AMhréfdirsd ERbbditeht fib@ USi Ng
t he anatom cal references identified a ov‘e;LOOOS ] FIGS. 48A to 48

i | 1 ustcpaldenlspdre rospnpdechast eentsiedaarowndhibd ipnpihof G caie tiicbthel entramicampildthsonent |
i ngludin view of t tibial tray bottom (FIG 48A). a view of the tibial
tray cop e Emiydet leaioBiet GEd B bbb 3 isif it g g

t op- f roptital (design, it BpPXLMBleab CelttOthy opEEss dedin ¥eny tRwWxaf ofttheertidat@pugil ay
(FIG 48D), and a bottomfront (i.e., distal anterior) perspective view of
the ti%BM&l- insert (FIG 48E); [00059] FIGS. 49A-C show aspects of an
enbodi nent of a tibial inplant conponent that includes a tibial tray and a
one- pisgce i nsert;.[00060] Fl GS. 50A-€C show.aspects.of an enbodi ment of a
ti bi a@e&ﬁi‘tasﬁ?p AShpBIOSHY of HS?“P%??%S&@G%S Qg CSEP Ay OdN ng%newoﬁi ece

i nger tdimé QL teffabGR pdwlA-dIf &by mHLm & Wesdg@RdwepEhaakt 6f AINGF @cbl ank
tibial tray and a blank tibial insert to each include a patient-adapted
prof i Ineeridiggys aggranes ©gether, syBKING AR p SYIIICHER BRragh @opeompp & igyretilupetdsent ' s
resec W] , e Str Les for
cat abl TERrE For EHI Bifns oHHAR e P e R P BBL B R 56

il lustnirat es exenpl ary stem design options for a tibial tray; [00064] FIGS.
54A and B show an approach in certain enbodinents for identifying a tibial
i npl ant perinmeter profile based on the depth and angl e of the proximal
L1Bi alin LRSRGHLERmbWHrA GALDAPR!difohdt hliPisieh el HOR AN RS @Radfvol he
tibial tray perineter prolee and/or the tibial 1 nsert perineter profile;
[ 0006 ppwit EFecrGsAnapdyBvshgngtthepeasrehapgr daeth atthdesrididnedhé ordidEh@s. 54A

and B, but applied to different patient hayin smaller tibia (e.qg.,
Sl | SRR A piep iy TP UG p0oE P H Dl TERHS Ve
differgpt exenplary tibial inplant profiles, for exanple, having different
nmedi al and | ateral condyle perineter shapes; [00067] FIGS. 57A and B
illustrate a first fermur jig used to establish peg holes and pin placenents
f 80 alsalpsdqueh¢mpodymasted if desirabldite txtbnd thic,dc§ig0 pe8Fr b &S, bes8nd dwadnBn

illustrate a djstal fe al resection t perforned wt second fenur
o OBDkGPR e lagh Y Ioe SR 8 vaRPiahlor PER PEUIRS 84 oo PRERR CulgRaRe
chanf @hd Gblps REPOENIBELWMhE cRcckiiVE mb@TYIBf pludoptidalrow&@Bo ithd Wedréatig aan

addi tional fenpral jig for making additional resection cuts; [00070] FIGS.
60A amiciemB! ¢mbediment ercaivs eptisamcaray is fiist dgergased afdoberyyeled ff. 61
illustrates and exenplary bal ancing chip; [00072] FIGS. 62A and B
illustrate an exenplary bal ancing chip attached to a tibial jig; [00073]
FR& G aipkdfustéd ahBsdimeht, b dtsign frus @ghthalngs tablprsducpd agerding toahe ntliogement
of fenmpral. inplant peg hol es; [0007413 FIG 64 illustrates a second jig used
to estohMicigrensiondechedes agoRsey wifaghwithiagentral optic zprp surpgnges by pgriphsral
illus - a - di ]ﬁH)t'cf” it | BGENRA bl i shed
by thtgggér g’é}cgdghﬁhg%s an n?%(g]@g%fécgegaﬁggglalﬁﬁggwgtsg@adr%eﬁgl ni ngs 0(r?lz&sléelcti on
cut s pentaisnyd; the ténteal opddtere contairingyan In@EOJF], aAdidipturaitalof hnrgi; end a lens

descriptions are included i.n.the text bel ow. Unless otherw se depoted in
the d&S¥ET prangiogagpn ahitr opfiga)rane Ieserthgd Sy ieBag 1 Qe lgomst of aiceat o
magi alaft@f‘grtﬂcﬁ(teﬁ"[(ﬂbgﬁirgﬁﬁle@tf frdh EheVdpitial f)'d%«'fler ¥fdre Eﬁhdﬁ%ra@@lﬁ%f{r@atﬁfeﬂt‘;’ a1

i ndicate anterior and posterior sides of the view, and "S" and "I'" iIn

cer t ailenst$ gadessingthicscadasigns peerusoful ancbnitnotleng aslosyide thegirogrhssion ewnydETAl LED
DESCRI PTI ON | ntroducti on [00078] Wen a surgeon uses a traditional

of f-the-shelf inplant to replace a patient's joint, for exanple, a knee
joint, hip joint, or shoulder joint, certain features of the inplant



typically do not match the particular patient's biological features. These
m smat ches can cause various conplications during and after surgery. For
exanpl e, WOnRgworssssiay need to extend the surgery tinme amdTASRIY08%56 mat es
and rules of thunmb during surgery to address the m smatches. For the
patient, conplications associated with these m smatches can incl ude pain,
di sconfort, soft tissue inpingenent, and an unnatural feeling of the joint
dur i ngfigmot Sehowethg.powsoprdild eﬁa puieﬂarrfeldembodimm tIatblilils ipte)ferre;isemlszﬁdlimam tha

alteredtngge of nD nent .an nlncEg sed I| hood ? rﬁ I](Ejﬁ,#lure. In
or der “€¥T 16 2R %“bgr?a?i m? 1S PIt A&nh? ‘ESB ?%rrhe‘ Mt B bone,
sur geqRsp &Ye@ﬂeﬁfﬂha{rﬁ{et&e&%@ﬁﬁl S uhstankt a{ﬂuyusrwmear%u&Maﬁ@ﬁet %@iwe%nfme than is

necessary to nmerely clear di seased bone fromthe site. This renoval of
subst ammj hE ppdenr¢dmismeter alpamt éaﬁtm@na secomd @enuluewmmﬂmgdhérrﬁﬁt gihaust wigh

o5 poabichd WA eash A O R e Bt R ARPUCT  l Belpind "E ™

r el at ednet haetsin@ingdes ic@ohd@nr(u@usgwithdeBirgaeng:tadsh TBKkhd g)s,mlalndlelpmfeged he
inplants and guide tools described herein can be applied to any joint

i ncl udiiarpetenfoingodmm.i ni t ati on, a spine, spinal articulations, an
intervertebral disk, a facet joint, a shoul der, an el bow, a wwist, a hand,
a finger, a hip, a knee, an ankle, a foot, or a toe joint. Furthernore,
var i outheeptiodipowaet shosesiartiped Shebaicd upanthappductivm ofiédti futs: rpdlapivneedur es,
and the desi n of ne rocedu s, for resectigning the patient's
ﬁﬁt ﬁlﬁi SPRWS S&@waq“ﬁcgg%ﬁ-ffeﬁﬁ&wﬁm 15@69&HHWEOH8§@P|V6@EFYh§B%PW d/ or
to US:I')B%P RenguLHRI HBQ}o?t}fé E‘z&‘f‘éj]s ﬁlf] Ifialll Q&%?e]nt tH%SQ'iéa%&v&fIH% 1”‘?3{“ S,
i npl ant conponents and ate ods describ el n can I nc
conbi nratilos abh dpmeut@fruf Agpmdndregseanmoplpapoesrtte emglge@e r@d tbedt udieptersFanith a
exanp c dat a c | .ect ed preoper.ati.vel an .be ysed to
enot neesBRbVaR AERRTLLLFG. &0 gRakRT ofb S RE Ph SR BRE S ha o
desi giafe ofel18Cih 5. mr WaRRAEREd VATRE 8MdbotOTPATRNhe b%wanﬂowér ilHeSecond
bone-facing surfaces or facets (i.e., "bone cuts at specifically match
oné ornmypedeteasing spuotidntros thepewrewundaeths gdfaeldhe fithansingiogatovsut s t o
the p jent m ze at| neer.e ance
one oPehErD Fafaer ERE-PE ERIE AElrklafyp o B S0 DD ARl bp i S
al i gnneird arﬁlzllusmg@ubmglammﬁgtmtan abouwthdyver feaidtat kiegerige of theisgesimnt s, or
(3) restoratlon and/ or optim zation of joint kinematics or bionmechanics.
Based 28hulihe optim zed surgical cuts and, optionally, on other desired
features of the inplant conponent, the inplant conponent's bone-facing
surface can be designed or selected to, at |least in part, negatively-match
t ke siiﬁsten@frefrh]c&wpqtrémnpnm psce&&stlmdaﬂecmbstaumﬂ@defferéﬂmhm-édmi Drplagntquiregui de

tools and rel ated net hods [ 0007 Cert di.nents. are |re ted to
i npl anif mggﬁ‘ ﬂaf‘ep%%pgofol n%r%%e@ %é@r%efrﬁgeeg?%@%%fﬁ Sﬁ@leg%‘éﬁ RS Yr ovi de
to a palieMtreRadiivg pBWefWNeﬂh%ﬁWe%al%ﬂQ{e@lranﬁ apfsﬁed%'arr@ﬁsvdelsfgﬁlfm geuch that

a subsequent, replacenent inplant can be perforned with a second (and,
opt|omaﬁhgmianaﬁnWU1ﬂdeI©pﬂmmnahhymg@n$anﬁmh¥1mamnemdaayapUEdH@a&mmhrnary

i mplant. .or. with atr di ' primary inplant.. In certain e ts, the
or b po g b i G SER e R iRty R R R B et on
0R5SUrgEERdinCidttBe mrthﬁe tiRakh@NSf the RANBg FREOrTHREY RNEPTI 4RI, 01518 12N beif@he
include on its correspondlng bone-faci ng surface a natchlng nunber and

or i entragfeed whgbone- cut facets or surfaces. [00080] In one illustrative
enbodlnent a first pre-primry 10|nt-replacenent procedure includes a

P e BRI piotRs Atba B TRRGAMe 5 Bny B power TR by s O B8 e

preopqamybyely sel ect ed and/ or deS|gned frompatient-specific data, such as
one or nore imges of the patient's ﬁoint,.to i ncl ude one or nore features
t Rt ar elpddaene aspedrdgecosicap@ppgiaphierediaopides ragver e manstior @ss P g.
d|rrensmnsoﬁ%h%ggf0 su&&g eontours) of the first pre-primary |nplant and,
optionally, §C dat a (e.g., features of the patient's resected
bone surfaces and features of the patient's contralateral joint) can be
stored in a database. Wien the first pre-primary inplant fails, for
exanpl e, due to bone |oss or osteolysis or aseptic |oosening at a |l ater
point intine (e.g., 15 years after the original inplantation) a second

i npl ant can be inplanted. For the second inplant procedure, the anount of

di seased bone can be assessed. If the7anount of diseased bone to be
resected is mnimal, the patient-specific data can be used to sel ect and/or
design a second pre-prinmary procedure and/or a pre-primary inplant. If the
amount of diseased bone to be resected is substantial a tradltlonal

F AN A



and/ or a patient-adapted inplant conponent as described herein. [00082]
FIG 1 is aflowchart illustrating a process that includes selecting
and/ or desDgnivug1ssfirst patient-adapted inplant, for erarpiSe)10m39650
pre-primary inplant. First, using the techni ques described herein or those
suitable and known in the art, nmeasurenents of the target joint are

obt ai ned 210. This step can be repeated nmultiple tinmes, as desired.

Opt i onal 2y Auire bodhvarpgtaelorfl teimciiai priwear aatabeapgdoesyas pdst ofthpkextalnglye, to
determ ne proper joint alignment and the corresponding resection cuts and
i mpl ant coﬁﬁﬁﬁéeﬁ]lt’ features based on the determ ned proper alignment. This

i nf or mat 3P ueaACctIR: Freltfc8fi@d dRtkhS hestedakdeht hHaApe dat abase 213. Once

measurenents of the target joint are obtai ned and anal yzed to determ ne

resecti of) d\mesagarad qfdhd matidiankaioretticr togkengratefagatationdly synamgieie pewer mefapt ed

i mpl ant ¢o nent,s can bg sel.ected 21 . . el ected from a.virtual

| Brary ShaRBORRGR afienhelrieihidasifvhdofaait R HEarg At on 215,
or sel ect edyfiidtfi@pdttshapal |ibrary of inplant conponents). Alternatively,
or in addition, one or nore inplant conponents with best-fitting and/or
opti ni ze® flaiR theagansdn aweneaied peidorpy diamste, | froma |ibrary) and then
further degd i Jvely or in
addi 11 on'? SHaepy Suthd nCOUAEEE B Rl Br A b doorlhe e DR RR A Y i e
f eat ures caowbeatkethiegfede(ding.the p@s¢trgned and manuf actured) 218, 216 w t hout
ag initial selection froma library. Usi ng a virtualgémdgl to asseEs t he
séPect ed®brORIOERIGhERTHHIAARYLBMOS AEFHRESISUltaRf BOWsTdweKles BY BEPPOKiPIg

r epeat ed a§cg§%i‘red (e.g., before one or nore physical conmponents are

sel ected and/or generated). The information regarding the sel ected and/or
desi gned i npl ant conponent (s) can be collected and stored 220, 222 in a

dat abds en 2t natOrabodintes,ithethethods bf thatinventiedtaptve disingplanfrootalipotoaietigor set
of inplant conponents is obtained, a surgeon can prepare the inplantation
site &REPIHYCAFeNiey nﬁ?srlgsefbul%taqﬁmw WigANdPECHRCT FAPRIBG Hicdirag ession

P 6Palof iy @Bia0T0kME BLARLAL RRofcke Relf ol LA SLAIdh| RGNS, o

collecte nd stored 226 in a database 213. In thi's way, the information

associ@A8 (WaybfrettSclanpest InprAlbpquargreyN Ml Ens wewsfpon data 1§ senavadliylialice f or
use by. a s egon for subse nt , i.npl antatjon of .a seco [ e-pri or a
or 1 ety RFSHRRE BBt B 9T 5ot HanpE Acof S0t el Pah oot 1 o
and/ orcpRtike Bf pARGiJoeahaely. A ﬁ@fdﬂfe@%yﬁémttb dedipithdihe ZATROPRIMiSichte BEd bhad
herein are identified in Table 1. One or nore of these inplant conponent

f eat urdescribgs apihed 2§ A srediddaimgAdS] Zé@-ﬂ&ned based on patient-specific data,
sgﬁh as image data. Table 1: Exenplary inplant features that can be
pati ent - adapt ed based on patientspecific neasurenentsCategory Exenpl ary

f eat urkhcpaEPROEHloLcSOREPO ForToh&ay & IcaR dctifn p@Fcraddrbfilefby thil nictiicy dxaks or
external inplant angle Portions or all of one or nore of the M., AP, SI
di mend?%f the internal and external conponent and conponent features An

outer | ogKi i | I t G iCc insert
and a ma%: )gl “ﬁ?ﬁ‘g%@%ﬁdﬁgﬁ‘? %ﬁaﬁ@fgﬁg d\(%?le[ﬁa r ef&tj?}%%hgl%{r?s&%gﬁpg%{nogé hei ght
Conmponent preafmdne Kaohpanefidnt2Dcarvedad shafeéraGovgyamven mapdiywakuomnpolsd t e

i qpl ant hei ght Insert wdth Insert shape Insert |length |psert hejght Insert
oot i | e | ndBM rsaw%mnéﬂ?Wé&lﬁloaﬁ%ﬂnéﬁ%ﬁg?%lﬁe@%ﬂmé% dPﬁBedc%rtQ%irgmée or
concavi ti e%aﬁ@&;&i@,te@{ |afdﬁ§ t%vi@ﬁaﬁ%&is@hﬁ&hgﬁ ﬁlepﬂlp\ﬂectem@r.ene or plastic shape

Pol yet hyl ene or plastic | ength Pol yethyl ene or plastic height Pol yethyl ene

or pl ast?2)x Anoirt ked Palrygetdoylae mevelrongldastmapsdor ees pos oftbbyattioldgyriecatment.
plastic an%a%h wavefront is converted to a refractive power map by estimating the radial slopes in
the direction of the z axis, defined as the front to back axis, ¢.g. along the visual axis
30 through the pupil center.
3) Subtract the pre treatment from the post treatment maps.

4) Average all of the meridians together to generate a rotationally symmetric power map.



Conmponent stem wi dt h Conponent stem shape Conponent stem | ength Conponent
st em hei ght Conponent stem profile Conponent stem curvature Conponent stem
posi ti on Yorzpmisnissst em t hi ckness Conponent stem angl e Eorfsa@nt3wsy w dt h
Conmponent peg shape Conponent peg | ength Conponent peg hei ght Conponent peg
profil e Conponent peg curvature[00084] The term "inplant conponent™ as used
herein can include: (i) one of two or nore devices that work together in an
i mpl ant ®r Altpphacly asgrsgethe individual)meriGonpbgitkeritogtmmite emonnplatmallyy st em
for exanmple, in enbodiments in which an inplant is a single, unitary
devi ce. Th&YPBIHHC PRY¥EI4Pas used herein is envisioned to include one or
both of & nMegRtHMBaRbaRonAhidt @R/ surface fits a concave surface, and a
positive-match, as one surface is identical to another surface. [00085]
Tr adi ti oﬁ)alOptwpalésn@gelahfdie ipredilanut teariprgaetiemcicahy Hesreasingrthe opiscah pewer and
gen5|onsth a&nﬂa@hn Qor, m natch to a particular patient's biologica
ture(s) “the patle% sSd2pted inplants, guide tools, and related nethods
descr i begh ljtRnAIlY %@fe@t@aﬂ&ﬁ@ldﬂé&ﬁ@vdﬁéd ehenmt p@werﬁwﬁlfe@b& PWIpOeidnvD
subsections descri two particular inprovenents, with respect to the
bone- faC|nQC§W@face and the joint-facing surface of an inplant conponent;
however, the principles described herein are applicable to any aspect of an
i npl ant conponent. Bone-facing surface of an inplant conponent [00086] In
cer t ailn tlesrhediodpntdiacti hepdasrendpais calgulated ffane thefscof dstiph@dtwasvafrole aheike gned
to substantially negatively-match one nore bone surfaces. For exanple, in
c 8Pt aicACTBistsHE urig 14e é%ﬁqcélé%?erﬁlkﬁmebﬁdéﬁmﬁﬁé Nohe-Daes fjlowisisesdekageers
pati ent - dapted i eﬁ’Iéant conponent can be designed to substantially
negat i jzﬁﬁﬁgﬁcgp shape of subchondral bone, cortical bone, endostea
bone, and/or bone marrow. A portlon&gLPLhe i npl ant al so can be designed for
resurfacing, for exanple, by RAggaf+ Y- om|t chirng epor ti ons of a bone-fiagi ng
surface of the inplant conponent toﬁghessubchondral bone or cartil age.
Accordi ngly, in certain enbodi nents, the bone-facing surface of an inplant
CoONpondIsTe ganaerBE umycHRBt éermiesr Bokybemiabrocisiingned..t 60wrgaRds edier putibd
bone, for exanple, by having a surface that negativel y- mat ches uncut
subchd#dital bone or cartilage, and one or nore portions designed to engage

cut bone, for exanple, by havin agce that negativel y-matches a cut
subchondral bone. [00087] In ce ﬂ29ﬁ+ &6?%% @L th@:b%ne facing surface
ofjsan i npl ant conponent iy @g?l_‘ referred to herein
assbone cuts. One or nDref yfe ne 0§§ﬁ${%ﬁﬁe bone faC|ng surfacé of

t he inplant conponent can be sel gatra@ any/ or deS|gneﬁ:00 substantial ly
negati vel y-match one or nore surfaces of the patient's joint, including one
or mordtPf a resected surface, a resurfaced surface, and an unaltered
surface, including one or nore of bone, cartilage, and ot her biol ogical

surfaces. For exanp é #%ffhln erbodment @, — e or nqg@aof t he boqg)cuts
on the bone-facing ngace Q%Lﬂpbaft Zggpggﬁn # be designed t
dep h,

substantial |y negativel y-netch t he and/ or angl es of
cut) @pg or nore resected surfaces of the patient's bone. The bone- facing
surface of the inplant conponent can include any nunber of bone cuts, for
exanple, two, three, four, |less t§hn fimgl five, nore than five, six,

seven, eight, nine or nore bond Clgs SRt ai n emrbodi nents, the bone cuts
of the i npl ant conponent and/or the resection cuts to the patient's bone
cap include one or nore facets on correspondi ng portions (e.g., nedial and
| ateral portions) of an inplant conponent. For exanple, the facets can be
separ &tBer rbgﬁhads,c,q@s%@ow byhose slilled pythe e i aentcraie o Wémé@iﬁ FAESHHRIPINCT acet s
that r surface
foat uraniet Sotf Rl Slo oM B B o iatcd URRE 1R007 FORLAD <1 1

spi ne,wasflosthocdsdemenoonily armntiqmlaent PP %hsmemme gOlisimpd puﬂ)bmﬁetet)t K can

i nclude one or nore facets. ggﬂglnent medial and | ateral facets

ﬁﬂmﬁ

of a BRsRELE meaped By aheaxde%ao it phpuldbemspiredyndes S £ i ed by
copl anghifPtofMdsguous nedi al and [ ateral sections and/or



anterior and posterior sections of a surface of a tibial inplant conponent.
Alternatively or in addition, facets can be separated by a space between
correspormiDrgivsgissns of an i npl ant conponent. Al ter nat PC&IUS2@10/089650
addition, facets of a bone cut can be separated by a transitionsuch as a
step cut, for exanple, a vertical or angled cut connecting two non-copl anar
or non facets of a bone cut. In certain enbodi nents, one or nore bone cut
facets, bone cuts, and/or the entire bone-facing surface of an inplant can
be non-planar, faqr ex ubst anti al | curvrlrn 00089 rtain
erboa B hod e te s drgieadREbRE roftvidtol R OB R RO 4o PHERhde
di fferp%ﬁﬁlaﬁ&iscgﬁﬁl%%u(aﬁoﬂs Thel REBHE BarPRI WRE Mo ploduEOTRANRME(IF syRmenfcaci ng
surface and joint-facing surface), surface features, bone cut features,
sect i oinmowhln@sﬂll epig/zone otehérdn$ elatthrr e, poa nemtptl@allmymestfmsr@ | at er al
g e e Se%%tle{nol %m n(% n2 & ult JiRing eanal S fé‘o%'?t 1%urto A nhS o i ncl ude
di fferen ?ﬁl@%nesseg SR vollunes, “Bone>'s H%F & ORFFHEME cut
surfaoewaﬁeagmﬁﬁﬁen@aﬂanﬁﬂmﬁ&gﬁﬂugﬁIﬂ cknesses, section vol umes, bone cut
angl es, bone cut surface areas, bone cut curvatures, nunbers of bone cuts,
peg pl acenents, peg angles, and other features may vary between two or nore
Sect! o o firfimic 101 ARRORM A8 038Gl R0 B nh BBl ARY IRCAA GRRIMLES: O
an i npl ant” conponent ternati ve y or in ad it R nore, or a
t hese f eat urceaveasurfaec tiite ase@mealiaptic (‘Zbﬂi@ﬁp@lﬂdde’dﬂo}s&péﬂphﬁﬁal adncawhichd ant

nponent . npl ant sign that allows for in nt features on
?Pf erent %qurawgoerdeg Yia%ﬁﬁaﬁona r%cwrrmgsgwgwﬁge%?n demeE#Ay one
nor e goag i ncluding, for exanple, (1) deformty correction and |inb
alrgnnent preserving bone, cartilage, and/or |iganments, (3) preserving

and/ or obt |t1nn kennpowtrae any battiones thd optivel pmeiiedrtscebahla}t orpractsngethe aptidal ochl ea
and trochl ear shape, (4) restoring and/or timzin oi nt _kinematics or

b1 onechani ovEREREEy{ orloEBp Bkt Brerd Bonmits oRfed! 8P Re: BifPRe | ocat  on
and/ or | oi RftheRRatlddlyNreal®O0] Al ternatively or in addition, corresponding
sections of an inplant conponent can be designed to include the sane
féatures, for exanple, the sane thickness or at |least a threshold

E 2' (S::(qme?trgorthesﬁr?ﬂreé erre?%m@%dlvn%%{' tﬁeihoe h(f\l?rrglﬁ: elgﬁnlj?llﬁalgékcigé?ﬁllna ntto élgnln%lgr?t?osn hars(tah exposed
respoﬁBEMMQg@hﬂ§@m§ameﬁﬁﬁﬁuqﬁlternatrvely or in addition, an |nplant desi gn
can include a rule, such that a quantifiable feature of one section is
great er Phancenyiabapticzapathesenay ptic gne ¢oankdng Hamnerghsq, 84t thaeneepf equal t o
the same. | GRUE SiaRlo ARRNER 03GALHAR, Al G LARL Ao GRARANE: For exarple,
in certain e Iments, an i ant design can I nc e a [ateral portion
that is bhradl«etranmhmn wath aex:pmér digmdtld bktmess 610ao t7Hemag thegsplendd dpnmesti al
portion. Ia{#é¥n|n certain enbodi nents, an inplant design can include a
| at er al herg%t i s higher than or equal to the corresponding medi al

hei ght . [ 000QL}oddhnG6fub ShroiaRch BRk SnnAEwRh a8l Rr elam%rtr rbeme%ﬂ .25 and
conponent™ s bone cut or bone cut facet features (e.g., thickness, section
vol ume, cut’. Bngie thequefcarcd dameter ahowd/ 0¥ mot;her f eat ures) can be

tient-ada d bed ful ly . bel ow,
pat | ont - patnet e Sl e REGRHER T £ f A a8 2
used to sekReprerintdd Wiarbl@s tbih Ohﬂ@quh conponent (and, optionally, a

correspondrng surgi cal procedure and/or surgical tool) that matches a
patient's anatomy and/or optimzes a paraneter of that patient S anat ony.

for - enmt B sl s e iR L Ren . SRR Qe R R Bl CRRD o

npe
natch1@wmdeﬁﬁam&eﬁﬂkﬁﬁﬁgpﬁﬁ@mupﬂ@ﬁwmﬂmeﬁeternlned as used herein includes,
for exanpl preoperatively determned (e.g., preoperatively selected

and/ or d .%lﬁ@a)wal H’BW%B@&‘H% Fantrabdisg et @ﬁ&rﬁﬁeaorreels suhstantalyieaistadh i ncl ude
rqgecti i | Lha
e S b S
one or nor eo guarge of 6615 thedtlubDewith Sipndfbiaecd yaluaofsabogi €0 Dyut adiateadr of &5 be
sel ected and/or designed to guide the predeterm ned resection cuts.
Joint-facing surface of an inplant conponent [00092] In various enbodi nents
descri bed herein, the outer, joint-facing surface of an inplant conponent
i ncl udes one or nore patient-adapted (e.g., patient-specific and/or
pati entengi neered features). For exanple, in certain enbodinents, the
joint-facing surface of an inplant cowponent can be designed to match the
shape of the patient's biological structure. The joint-facing surface can
include, for exanple, the bearing surface portion of the inplant conponent
that ~engages an opposrng brologrcal structure or |nplant conponent |n t he

-, Y



cartilage surface, on the articular surface that the conponent replaces.
Alternatively, it can substantially negatively-nmatch one or nore features
of the pawDento/s18%i sting cartil age surface and/ or heal Phy/Usariobsge
surface and/or a calculated cartil age surface, on the opposing
articularsurface in the joint. As described below, corrections can be
performed to the shape of diseased cartilage by designing surgical steps
(and, opti emalihgreaspain dut padape edargridi @l +3 DDl 9)thtagreferred vabé bE#baat nor mal
or near norga cartilage shape that can then be incorporated into the shape

of the joiﬁ' cing surface of the conponent. These corrections can be

i mpl emengedn@&iticaPRiv @R eYsecdrRiSin@bius QeMbdsiAimdotRly Hrome hei AR} fAMmd at the

t hr ee-di mensi onal nodels. The corrections and testing can include kinematic
anal ysi s arsdgoef hafigiteanulss wpspoya@beguvien il . Scandt &4 h De mitbdi nrefstrsd valwe of oi nt -
faging surgsg%*%f an i npl ant conponent can be designed to positively-match
the shape o Su é%ohdral bone. For exanple, the joint-facing surface of an
i mpl ant  gpnROaRIthl sEer o et ARt bahdlys Bosd SubkhialBédnbtatNg aBoutThE go@at ur es
of the patient's existing subchondral bone surface and/or healthy
subchondraﬁbﬁﬁhﬁt@vﬁﬁﬁ@égﬁﬁﬁﬂﬁKhﬁmébﬁculated subchondral bone surface, on
the articular surface that the conponent attaches to on its bone-facing
surface. Alternatively, it can substantially negatively-nmatch one or nore

f eat uneanathertprefepad agrtt & thx piebén ghveutiah odsithdhmive csumbdece caniiigto theal t hy
5ﬁ§chondral quﬁ gﬂ{face and/ or a cal cul ated subchondral bone surface, on

t opPEEiAR has 0 Eolfoyying pritsnd GhAraciRESiGsi nt . Correcti ons can be perfor ned

to the S&)aﬁ%e%@ﬁéag%@@p&rtﬁ& cQRf&?dfsQofﬁfeSﬁi@%ﬂéiE sBosRAHTRY cOtisar nor mal
articul ar shape that can be 1 ncorporated into the shape of the conponent's
j oi nt - f ak) rige sptrchbpeyverAn gtedrstaamdulub irckersssingdus weveadeasuieblehelyromsl- f aci ng
surface, for %xaqgug, 0 rFf%eqt an average cartilage thickness.

Al t er nat i ve&fl§A1oR QG & iCABT €T 'H"Ekness can be applied to the conponent. The

vari abl e t hj glpRESScLRAPAELE PbREE @RnEOin 8E FieE infulRAtsigBMmSEd BE téalquionheal t hy
cartilage thickness, for exapple, as nmeasured in the individual patient or

sdfect ed f Pomca=4ifdaruB44drer dld68Hat 6HO 1008515114475 el 2 47H where x
enbodi nment s, ,t he..j0i:nt - faci surfa f an inplant conponent can incl ude
one or nnrésg?éﬁggf%&]gggﬁF%ﬁg(?ﬁérgf§ﬁ§%§d shape of the joint-facing
surface @f thdeptianpongnd theabcdref dn@tkus dadredsBas frobithppbiver foned shiipedes of

typi cal heal thy subchondral bone or cartil age. For exanple, the

j oi nt - f aci e BisF prpadusge apwichpetagen tbapsaAdr Raith Araderscdyadys ofabare havi ng
standard radijpor curvature of in one or nore directions. Alternatively or
in addition, an’inplant conponent can have a standard thickness or a
standar dd)mtin optivat povedeoé siwe third aehidad bangabstabtiadhdamdtahhitakowss peyercan be
added to one or npre, sections of the joint-facing surface of the conponent
or, alter ng?‘il‘%fireartﬁl}e fleg of thepreeondAn@RMéss can be applied to the inpl ant
conponent . [ 00096] Certain enbodi nents can include, in addition to a first

i npl ant conponent, a second inplant conponent havi ng an opposi ng

j oi nt dfiaceognigad batwsc Thdcdactbadrtithm thmoveo mptheenntral opticed zbacofithe susfisace

and/ or joint-facing surface cap be signed as descri bed ove.. Moreover,
" corhi O LB Pt S BPRENEG e el loep o IBE Kb Shent

cap beodesi&uabed B the @@thod dhdRREfgn of the bt In@ertion HAPSE Aplic@td the front
negativel y-match) the jointfacing surface of the first conponent. Designing

t he j shiece, baki sifaed of avecupbinfeondbersald it » prsdereast cralpdemens| Gadawet he

j oi nt-faci I [ - can - | wear
nd opei s RHHLEER te hifad b be BB RaRe Bes el B L PR R
surfagega@f the first and second inplant conponents can include features
that do not match the patient's existing anatony, but instead

negativel y-match or nearly negatively-match the jointfacing surface of the
ORROSI I | . f@g@y , when a first inplant
cggpoggﬂfkgpﬁggﬁ¥ﬁ?ac'ﬁgﬁgﬁ¥#%ggg%%§ u eéﬁ%'feature adapted to a patient's
bi ol ogi cal feature, a second inplant conponent having a feature designed to
match that feature of the first inplant conponent also is adapted to the
patient's sane biological feature. By way of illustration, when a
joint-facing surface of a first conponent is adapted to a portion of the
patient's cartil age shape, the opposing joint-facing surface of the second
conponent designed to match that feature of the first inplant conponent
also is adapted to the patient's cartill age shape. Wen the joint-facing
surface of the first conponent is adapted to a portion of a patient's
subchondral bone shape, the opposing joint- facing surface of the second
conponent designed to match that feature of the first inplant conponent

I I b g,



t he opposing joint-facing surface of the second conponent designed to match
that feature of the first inplant conponent also is adapted to the

pati ent' swbanw/msedssow shape. [ 00098] The opposi ng j oi nt - Pagiusgoewsfeace of a
second conponent can substantially negatively-match the joint-facing
surface of the first conponent in one plane or dinension, in two planes or
di nensions, in three planes or dinensions, or in several planes or
dineniMﬁh&nt&naaaxampmebemhﬂhopbdsémgm@aﬁdﬁmckaghﬁgwsumﬁaaBNEﬂ.Ehaﬂpbcond
conponent , can substantially negatively-match the joint-facing surface of
the fi'?st conponent in the coronal plane only, in the sagittal plane only,

or in Aeidorhed 88 se@bdl tiRagdilidhl RbRORIatd, 8P099] In creating a
substantially ne i vel y-mat ching contour on an opposing j oi ntfacing

s ur f aeéeg@rlp degge gmd@omﬁmar sgenaptlption efolati @er sounendsismphildrpr aged WMear

% the frrﬁt and second conponents. For exanple, the radii of a

cav F&h?%?e on the opposing joint- facing surface of the second

COFTDOI"}’EEénefeQ-p@pulaﬁoﬂ gl basepduill acRPRAIRRE (k. gcalmn{y@ﬁagl ected to match or to
be slightly larger in one or nore dinensions than the radii of a convex
curvature on the joint-facing surface of the first conponent (e.g., a
femor gl 4 4; AN AY! bo‘E Qfﬂ)%'aﬁ} 0y cac[ef@é b oA onQﬁ %, {e‘t %e&g fyature on
t he opposing orn acrng g ace of *the secon nent can Be sel ected
to natobtaumbletmﬂgeths Imegtidd of therrmlvhlﬁronl Wienelatris maerregadu aeeoss kb eendidwaed sdna- r adi |

of a concave curvature on the joint-facing surface of f first conpanent.
| A0t hinaeTiRIARS OF HrfAR bF usqsk P gt @éloealﬂr BN & él@nwr\rrgﬁﬁ dafp iy re{Angd Rg
Converts%aql FRAARYSI re,r«rrl\f@éawb%%s@drt %?&tiﬁ&ﬂ?&&ﬁdﬁ%ﬂf WihAERR Rlighl.MNn-and
second i npl ant conponents. e bone-facing surface o t he second
conpomemnmcdwsgemuﬂs¢gn&anbmﬁnegamMu@ﬂbunaenhuhaﬁai@aencwphgaﬂvhnmhmlshape
of artigcular,.c subchondr al. bone ortical endo t eal ne or
bone. sty iEdtil wB MerBb SRR Rtod RS ToriinRier s RAEG TR oL P 8o ect ed
or naquﬁmbmghggbg@hmﬁgﬁgghure) It can have any of the features described
above for the bone-facing surface of the first component, such as having
odé or nore patient-adapted bone cuts to match one or nore predetern ned
s o e 1 P AP ARG5Sy SRERARE Bhiuflg e
conponeﬁt ones acrn Uty ac Aht 8| sur &4 Ar 8 pos SipIe.
Tabl e aZeciap@vd e ol dlu(sﬂthabdmsﬁieﬁearﬁéhﬂaﬁdrmmstnah apmysadmewﬂlrmhﬂymda, Tabl e 2:
Il lustrative Conbinations of Inplant Conponents[000102] The inplants and
i mpl arkPtadgRAlly Ry Maedias et her ei n i ncl ude any nunber of pati ent - adapt ed
i npl ant conponents and any nunber of non-patient-adapted inplant
conponents. An illustrative inplant or inplant systemis depicted in FIGS.
2R0- Mthpeti fically, FIG 2A shows a photograph of a patient-adapted knee
repl a i mpl ant sy emthat inc]udes a at| nt - speci.fic . bICO art nent al
i npl 2t q@o’#ﬁb‘?ﬁk}?d LR W%QFF%‘??E@B’@&YW%S the YeRAng PQIRL}
COMPORERLn 7R prBeftholcPAnRRS M i@kl b ﬁlra%stf nfd MBn %trﬁeﬁcnasrare
bone-facing surfaces and on their joint-facing surfaces. FIGS. 2B and 2C
show ﬁwatylgq:drﬁgwslrmwtmgletmwer pmﬁafmshocafn iR|IRgur@ A. Tinis phwecmﬁhals thshappli¢d G

can b dpredien g Brob® s mioge aiing i r EbPScERed L GBS cuts o |

changesydp. &M ncfAddan theCRERAPBREr Sif B figdt @AnHeS R ithiane B@fn@l Gptf(ﬁﬂzchﬁ vedRpl i ed
to a portion of the dinmension, or to the entire dinension. Collecting and

nndelwn@ubﬁﬁﬂéﬁhﬂsﬁé@ﬂyﬁ&ﬁdeQ [ 000104] As nentioned above, certain

enbodi nent L [ € | pd j

patient - sngrgg qg§¥an3%§?hﬁsgggl ectedggggggggg?fvgqﬁgéx%E%Hg3

pati entspecific data can include pornts surfaces, and/or |andmarks,
collectively referred to herein as "reference points.” In certain
embodihsHt 518 the gadiad distanse dropbihgcenteef thelegsl ect ed and used to derive a
vagpi ed or altered surface, such as, without |imtation, an ideal surface or
structure. For exanple, the ref erence poi nts can be used to create a nodel
of th érhraaméthxrds of thieeinestaioh cbh bt ogibodikd heedripeérspadubtt axde one compirtor e

pati ent ical ste ooI , and inpmplant c npon For anpl e
the r ér%ﬁgﬁ dg‘Hsz lge CRPUE rg%déé % @?rlﬁr‘iﬂyag%%%@@ﬁ? a%ra%ﬁﬂéacqnémrsﬂ@ta
conponent having at | east one patient-specific or patient-engineered
feature, such as a surface, dinension, or other feature. [000105] Sets of
reference points can be grouped to formreference structures used to create
a nodel of a joint and/or an inplant design. Designed inplant surfaces can
be derived fromsingle reference points, triangles, polygons, or nore
conpl ex surfaces, such as paranetric or subdivision surfaces, or nodels of
joint material, such as, for exanple articular cartilage subchondral

___________ . o N Y




For exanple, in enbodinents directed to the knee joint, reference points
can include one or nore locations ranging fromthe hip down to the ankle or
foot. Thewoebhwremisé points al so can include surfaces or PCOABRI10039650

honol ogous to the joint receiving the inplant. For exanple, in enbodinents
directed to a knee, a hip, or a shoulder joint, reference points can

i ncl ude one or nore surfaces or locations fromthe contral ateral knee, hinp,
or showiclethejeaftat can[be@GEHLOR] a tcompeert systeme Ehadplee nt sgm@rnten matibrgmadtia
collected, fromthe patient, for exanple, | i a fromone or nore of
2 ay o EToBD GrRRr T Babep RS PEmt (DN A TR S oeoprBI £

CT, nQRtad s5hEOMIvecell THSQRiIRIrGedble nRFdRént calrkilo b llstAst@dnsler ha@®Rkk | magi ng,
phot o-acoustic inmaging, is used to qualitatively and/or quantitatively
meas urceuplaé caonputor sy stemsao pldt ithaeongputirgtasigh balod¢ satercdend oresuisd imdr e of

no mali gﬂﬁj#ﬁgﬁrndiseased cartilage, a cartilage defect, an area of
deRudéd CArY 98, subchondral bone, cortical bone, endosteal bone, bone
marrow, a liganment, a |iganent attachnent or origin, nenisci, |labrum a

joint capsule, articular structures, and/or voids or spaces between or
wi t hi Fhaigvestion pay dedmplesiontedgisimpompyiar Progr A aing HrfagBecimiseinigudsvel v

R L e R R T G A

exanplsech ewilviag program, Hawingtiompusiraaglable.cgde meitsy ataybe chrbodicd prr pjovidodd ont o
a plane), curvature in three di mensions, and/or a radius or radiji of

cd Bvat"ﬂh’é‘} O%%pl@wef%mp@%ﬁiﬁdégfeth% TRATETORAT NG RAPRIPBICT PYREERD BTN ] Bnal
shape;,nakgde of AhnEXAIR! Socoftiifd AGhe HvRAIGH) G4he eoﬁgﬁ&@faﬁd@&@maﬁ;m@%, gt er
shape; and/or vol une of, Por exanple, the patient's cartilage, bone

( subchaadplal a beed(hao) drive alisketnaptienldbst, ewign ftontepe, aadicondwatdrenerbanysshich

| i gament, .and/or voi aces hetwe them .[000108] In certain
erboqrmern  Bembre PR S B By dfaarite e enyate Baommur ot Saig e Brbonr

nor e Qkhdr BEmilunitBtis @ hétMRIIBASK THEBER]d sfandrdutic@ste cntd A gthd corhpkfccdie:
Exenpl ary patient-specific measurenents of biological features that can be
uséd terycreeatde andrasdiedd byneifesntingths épéadirestlsl fiom desingtium, by beRNing thelcade
conponent DESI GN OF MYQPIL A ROL HTHALM C LENSES BA! ND OF THE
 NVENTICEAC TS e PR, PETArag b5 UHLeh e T R Rb AL T pr event | ng,
stoppi ng or slow ng nyopia progression. Myopia, also known as
short-sightedness, is a refractive condition wherein the overal] power of
the eyREVIGSs peror¢ing ko theinveyHor MayRlpo be HYS ORFOFG FRECHIEHYEPES Hisfuding. dut s t o

focus .k f L& i cSpr [ ' . as bl urring
R Su T S
séver iahy dofictshecrmyte,di@ deviibiss ocanydiubicomposcaf dLond ormsdre pesrsdity ghidndhood,

and usually noticed.at school age. A progression, or increase, | h
sever i“”t“j‘u‘%i%g WA, ﬁrir%weugﬂmkw 8BANY EPIHL;}B?}?O@ uksst thetsor ‘%afh @nﬁeﬁm Phood.
US Patighhtifn Q¢ Bidh RIRPOSERSs. Met hods of using on-axis |ongitudinal

spherical aberration (LSA) in contact |lens designs to attenpt to halt
nmyopi a progression. The design approach suggested does not appear to

dd i f ] front/refracti har. i Sti f th
" ndi visaoayBrEpe Tieon st Boat g kol SRR arGenich Bpriredr 26 8BES at ed
Wt h  Gh@se byvhkch AdSinbat @Rtingdut 020,14 8QoRHaReSASuMBE m&s%mthal fr8ian@ shétehd

curvature (off-axis focal point variation) to try to halt nyopia

pr ogr églieaion Pregrémas-hemat i cs behind this approach uses "extended coni es"
where the sinple conic equations have even ordered polynom al terns added
to them These conic and polynomal terns are processed so that the contact
| ens DiHfRURIShaRerodf doagupst epiesaedviliashdlly Hy dtteesnibie: the qoitwed cesids of
field curvature. US 2003/0058404 and US 2008/ 0309882 proposes a net hod of
meas urdeHgibet & tRAparapsidte gsnCiRhBUTEYE AECEY MUERASE AYMPHET RHTBRICIALIEIE & he eye
Whhh ] i OR_ I i r | il size changes
2000 e TR o B U Qo YRR B BB B ot Cess. Ep
1853961 proposes the neasurenent of the wavefront before and after near
wor k. The changes in wavefront aberrations are then corrected with a custom
contact lens. Group or population data to create a design to control eye
grow h are not included. "Othokeratology Alters Aberrations of The Eye",
Optonetry and Vi sion Science, May 2009. The article discusses higher order
aberrations of the eye associated with orthokeratol ogy. A nore conplete
approach to sl owi ng or stopping nyopi®s progression is still desired. This
is addressed in this specification. SUMMARY OF THE | NVENTION | n one aspect
of the invention a nethod and resulting design to be used in the
fabrication of ophthalmc |enses useful in controlling and sl ow ng the

I Y

o - e "



of ophthal mc |enses useful in controlling and slow ng the progression of
myopi a i ncorporates the use of wavefront data fromthe eye. In yet another
aspect ofwOhelwvisati on, a design for an ophthal m c | engCprusduomavsaecor di ng
to the nmethods of the invention includes a convex surface with a central
optic zone surrounded by a peripheral zone which is further surrounded by
an edge zone, and a concave surface which rests on the wearer's eye; the
cent r dlhcopithadszorbededni.donexagpe thewmnpuérsostrmhdnsomptam@ltértrgadableamedihi ; and

a lens power at any.lqcation in the optical zone is described b

Subt r 46 157G (@ RRIBER e A gl ciiedi ey Do en St RgREFLH BER 977 9ele rent
from theh@Ridcs@beRaVBFe £ LR Prdduek RndEsO IFREErablye @cBi¥es afc@nlaNRASsMde
usi ng these designs are useful in controlling or slow ng the progression of
myopi dllustiatisgowkeklsdepeemandn ofroft qpntact icoses ieclvudsy hatiowtdinyéaionasibcens

opht hal m c | ens. desi 1ncludes the steps of, acquiring.corneal t aphi c
dara B SANaRT et MR lEr b Sy  ERE Tl Tl R Rt SR

t opogrrapNGs. §1av B 1471 5r3di w0, HRME0S5 TIBIBSincSipblataiGhititgr éltiectRQdly réfcasicé he pre
treatnment map and generating a | ens power profile. In another aspect of the
i nventhiydipgels, vibetsdontsinies bydioeclanng s Hel apd combiptigesthgicof. Mdergdes t he

st eps W yvef d . t

't oat RORp o, e B B0t Sl oAt Spl il HOKERD, Sl

subt r d@iitatign} frdydiosthyl sitoxahd maproencts, eatimentoxympoaih dilganey, ahd ngxtardsens power
profile. In yet another aspect of the invention, data for the total

paflul dsrest- v E%ﬂyﬂa&e&ﬁalﬂ Fusl. IHOTaSRF st inghide etay REREM- data for
a SUb‘aQ(?L&lfﬂlﬁfn', 00fi|cdn SRS QR! RHefilboh, ¥&lerARAL BALHRSR 862 MEod, g&‘lyﬁ%‘ﬁ%&' on,
data for an individual subject Is considered. In yet another "aspect of the
i nvenmaoifilcasiat a i s an averaged over multiple files. In yet another aspect
of the invention, the I ens design power profile is cal cul ated by averagi ng
all meridians to a rotationally symretric form In yet another aspect of

t he | RyemioPhe [EREmhRASI HSPbOParASNBIt B iyl coBvdniert alcehdareteinhphy eeagi Ny

i ndi vidual neridians to a non-rotationally symretric form In yet another
adpectmaj¢rial meryibevdenpesiod withen howdd aid dwed bnihegmilensdintioor chemisdl.ng nyopi a

progressi on ar%$eqﬁoded into |%§Hﬂyct|ons h a strueti ons and

su maehy |
o o prbar BBl TR allitab B RSk B EHEPn S5RE Brerh e b R0,
arti cleegiddnat udeg exacislabicht omSinglbé N ctdim € SisihM fightl BRSESHctdicalsy,ow ng
myopi a progression; the nethod . includes converting corneal topographic data

char adhepriceisaeongifions suitable for suring thsdonsrmatarinl Wil slspend aftha maggiml pdegded

Prof i 5q ANAHHH HhEPIMRIIPPALELE 48 RERIUPR @] pasndesian fiar a lens
with a convex surface wth a central optic zone surrounded by a’ peripheral
z@fe WHHROB3I6s4,B89,66k 15,9450 uades S40/4 Ehinedgerazainerciandthaireaticaeebygur f ace
which rests on the wearer's eye; the central optic zone containing an inner
disc,rgﬁﬁmgblurality of annuli; the lens power at any location in the
optical zone is described by subtracting the optical power of the eye after
ort hokeratol ogy treatnent fromthe optical power before orthokeratol ogy

t r eat nidwtcontapt Iymses ahthicheventispery boffotnimsl byranyrooheenicrd mdtlylde Onic we¢humiethod
execut abl e i.nstructions. for desjgning. | enses for slqw opi a

o oor 4391 EHIeTH bitebpBEIq Beeriabe Bl Eng uaes Rsie BraheRAr act er i 21 ng
ansey &ubfqacht®f, haGidIE1 RO WRkerTABR, pl B3R BE R theBmb R $ol MRy RIogTprésgioandd usi ng
the power profile to produce a lens design for a lens with a convex surface

wi th &udegof die resp focfopmtlec lsnses of Hwaavanjion. Peg prdhnarity skilbeteinihe e Wil f urt her
surro . onc rf i r e

wwar o ez fusGaE: RO ofRfio S FRVEEN FusS Hen BEE ML BRSBTS

pl ur alihtentiof. annuli; the | ens power at any location in the optical zone is
descri bed by subtracting the optical power of the eye after orthokeratol ogy
treatment fromthe optical power before orthokeratol ogy treatnent. BRI EF
DESCRIRTA {1 §g THE DRAWNGS FIG 1 shows the averaged pre treatnent corneal
t opography maps of a group of 26 subjects prior to orthokeratology. FIG 2
shows BxamphyvEe(Paggdtiobst treat ment corneal topography maps of a group of 26
subj ects subsequent to orthokeratology. FIG 3 shows the difference between
t he averaged post and pre treatnent corneal topography maps of a group of
26 subj ects havi ng undergone orthokeratol ogy treatnment. FIG 4 shows the

di fference between the averaged post and pre treatnent corneal topography
maps of a group of 26 subjects having undergone orthokeratol ogy treatnent,
truncated to a dianeter of 6 nm FIG® shows the power profile of a |ens
design, according to the invention. FIG 6 shows the envel ope of design
profiles based upon scaling of the averages all of the meridians in the
exanpl e above, according to the invention. DETAI LED DESCRI PTI ON



Ot hokeratol ogy (sonetines called corneal refractive therapy) is the
practice of fitting rigid contact |enses to deliberately alter the shape of
t he cent raiD 20ovises By naking the central cornea fl attePCirusecuowadsss e, t he
optical power of the cornea (and therefore total eye) decreases. This

hast he effect of reducing the degree of nyopia of the eye. Specially
designed rigid contact |enses are typically worn overni ght (during sleep)
and r émeVegifudinghgudypeommging Theaxpaldsmgih ecyexeowihdl atd/aitthrecfracgion of emsgeoon t he

i , ily flattens th _ This .
e i P T R L A R R e T T
the 008 RRAnERAIEREdd:unldFShETM irh BARS) ar O YRREd o\ kp Whl1E o JoftiblSroufhe

ort hokeratol ogy patient wears the rigid |lens during sleep every I to 3
ni ght syecageqaneitiogalqeoiact lvasasar epastactasgribs dirsgreupdeetiessdysesragoordingity the

reduc | evel of opI uring the ki ng..hours. (W thout the need to wear
any fgg%rngé%ﬁfgggnE%?g%gmopggﬁé%?%%f%%%meiﬁm?H}ntended consequence of
or t hoker gt dihe@ytibdpohech thiecdtRUuist bOhe@btit Rénd igsebsedntial P poidtadt;0gr essi on in
patients using this formof_ nyopia correction. Studies by Cho et al (LORIC
st udy) abd theaenticabpasyeran thedmafenmukis ghgbhouhadimmedsriof 4HBRANGRAES Patlpepawer
wearing or t ol l.ensgs } i | ut a
roduct on 0ot REtrn B%p e e pRtko i, Gr ABHLELOER o PulikRRrBe
expl anat i omrhancreédsesinredusdwano amarigee- 1ratoer405 Dinwithiagprpicagd eslae ofiabasit t he
oqbical chagg S induced in the cornea by orthokeratology. In effect,
hokeratd]é@% changes the corneal optics so that the central refractive
power is | : ris
ror e post | Fue | asE i eReRurd iy B il o BR LR o LS SR e
i nvent i on itybisy ennudisrtg agpomeebétweapo §.o aphy-4dad awitio a geterged watat pirabduice
cont act quiq?Duseful for treating, slow ng, and sonetines stopping the

progressi on-of “myopi a. Corneal topography data is collected froma patient
using a ¥ deofical RSEQRE tkUahd admaud®dint §udBtadiial KEEkiafat 26O thd pRrkon
2000; Rone, ItaIy%%ﬁThls topographic data is available in several formats.
THé pr ef er dewnd aithedgenf thescprrslsmnulunvent i on is to depict the cornea as a
refractive power dat.a. Figure sho t average corneal refractive power
of 26%%§ggmﬁpwgﬁIP§&8F§%3@8@5 %?86f%§§f§@a§%red by a vi deoker at oscope, and
Fi gure 2a)shespécalipdeekertat ostpeist 6Rge oplic Lok is 3istatbialy esnsadnt;er treat ment
by orthokeratol ogy. The change in corneal power is derived by subtracting
the ref rl&)ctﬂilfi/%l’t’f‘y‘éf//\%qw%fm thedirslampubs prorenses igmiusarover Bt 4 siateBlegiobimegyal Thi s
map of refr ' ) .Sshows the central shift of power in the

m nus direéﬁﬁ%k%?ﬁgé%ﬁ%?ggﬁg%ﬁ%rs) and the peripheral shift in powers in

t B8 posi¢) ieagprefectd spedti the powedclmaoinsthe fisstdnmdusi@oamerned by duiereguaionThe

difference map is esbasjs for t desi power_ praofile r ed herein,
and will cdPMehr Ot‘h?gX? X K Waéggx pr %8 e éﬁe““gﬁﬁigﬁ%n‘y,ﬂ%ese
maps are cenfRhefa@liqnd fdie e AeRksr Mkoskope axis (the axis at which the

vi deoker at oscope neasures the corneal shape), however in a preferred
enbodi medt thdenticebpiveeran g sheondemaniub ddcramtha énnethe goweoiondd ahibe pdgi ¢f of

th i.£. 1 t il of t I .Th
e et 45 SRR Rre B Rubeth] 3% B R SROTL BTk o0
design, it q3gppreferable to center the optical design along the axis of the

entrance pupil center. The next step in the process of deriving the soft

| ens opt $)cdhe epsiabprves of thortbd eenulwebaingsibrantalbregnsteat stabeuthe powRer

di fference .0t o erage p change of all of the neridians

aver aged t5%%?“%?@3?gggﬁﬁpﬁggyﬁhg%g@%hﬁtric average power map. Figure 4
i1l ust ratesit Mosthet®eesd ) fedr ofl thamtudli, fRNSo@Natarigf thatdnsaseprpdveet belithd er ence
map, limted to a dianeter of 6 M |In an alternate enbodi nent, the power

di f f eresileed spdicsignageniding te Brisinyryios hye dio8rato §0ep Fesluesd@ adawer HPYT er ence

b i i di j,ndi vi dual
i o B AR B oD RLARAR QlreBRE ot b EBF A BT B
sy mretmdasurad by dgechpogefineregse) inraxaal pangfhesr chdn gndnoebipiveshi ft) intauiosreflestionabl e t o
ext end thﬁrdes%gn power profile beyond the 6mmlimtation out to 8 nm and
to cr @¥fehs SHBGEMCHEEPH e which provides for a better clinical outcome and
hel ps to prevent providi ng excessive amounts of plus optical power to the
wearer. In a preferred enbodi ment, the plus optical power is first
decreased and then leveled off. In a preferred enbodi nent, a design for an
opht hal m ¢ | ens produced accordi ng tolst he nmet hods of the invention includes
a convex surface with a central optic zone surrounded by a peripheral zone
which is further surrounded by an edge zone, and a concave surface which
rests on the wearer's eye; the central optic zone containing an inner disc,

o, .



an outer dianeter between 7.25 and 7.75 mm the preferred di aneter about
7.5 mm and a third annul us surroundi ng the second annulus, with a dianeter
bet ween AVO 2a10dis8s85 mm the preferred di aneter being 8 mui/Ush@oopieseal
power shown in Figure 5 is based upon the reduction of data for a
popul ati on nmean. The powers shown woul d be added to the initial distance
prescription of the wearer. The optical power in the central disc of the
opti c Wekdaiins substantially constant; the optical power in the first
annulus, at a dianmeter of 4 mmincreases in plus power to a range of +0.5
to +1.5 diopters, with a preferred value of about +1.0 diopter, at a
di amet er 1 pfAn&patHihiRasns RERRTSH deialgli%'th'a‘?t cBﬁrEéi?niy@ R o aYPicfstigrha®srh @ndS- S
D, with a erred val ue of about +3.4 D ?lca ower In the second
annul us uilegndea l’rﬁgtlglﬁ'rﬁ?@tdiﬁi based @mcoﬁealﬁgpmraﬁlmmdvaalefro aeedqeumd beferer i r st
anpul us Q bou L erred val ue
o Sabout ittt B RESONET e PRRHaPedintoR 0% gitpI Bl O BePh e SRE I o
const ant ofxhygigut the power found at the edge of the second annul us.
Di stance refractive prescription powers that are substantially different
than -3.00 D may require scaling of the power profile. Figure 6 shows a
preferre d envel ope of resultant refractive power
curves t%ﬁqﬂggﬁkggg%nﬁ ?Héﬁ%hgnd applied to a lens design fromthe
averaged dat a shomn above. is thus advantageous with this inventive

ign to create of de5|gn power roflles se are created by

pgrti (FRPYSK SHTET W"%} iArfgNEALOPHF FRRF FuaouBYe dflzyra%%{m%leﬁgz?ﬁeﬁl fib¢the aperture;
the rangﬁuﬁiun&&?bfrmdpg@@ haGha% BRI &R RcZhiBN s onGhOwk et s Byl &gk A he
preferred range. 'The pre Perre process steps for generating a yens desi gn
power prd@ﬂﬁerby@tmnmydaQMOdnameO@SGﬂabh@Man&yiheqﬁﬁm&h&nmeap&uagewmornea
t opogr aphy,refr t|v oJo) data, ma thokera oIo
tr oot mont 55 AT ol RaR Blhey 8ol enhe 8PS PPYe Rk oy 1 o
eyes poStrefimbMOtLdate |ﬂ§b96£\ptfcﬁl®§5v&@ Rt eacB)locaibh (ACthelopBcANéhstpo®dt BEIAE ufdfem t he
post treatnent nmaps, verage all of the neri di ans together to generate a
rdﬁatlon@MDVUQQWﬁewﬁb@mmbﬁbﬁﬂqﬁmﬂﬂwﬁoﬂﬂhﬁéﬁhateIy average the individual
meridi ans together to generate a non-rotationally symetric power nap. 6)
Trimthe maps to a convenient uniformdianeter, 7) Optionally extend the
profil e ®uUrhd@ectiod af RimA wh@&tiarthdytdpepeasséatd herchhivgl. opt i cal power and
then fiat leveling the power. 8) Optionally generate an envel ope of average
resul tant power profiles by proportional scaling In an alternate
embodi m@tThérﬁth&BPéfL%n%f llﬁé}&n sﬂtfﬁﬁé@%" 4&‘{5) ﬁhﬁ?‘éd‘g wavefront data to
desi gn and produce contact |enses or trea ting, slow ng, and
sa@feti mes stopping the progression of nyopla Ccul ar wavefront data is
col l ecte rom atient usjing. vefro ensor such as a COAS (\Wavefront
Sci ences%ﬁ@mﬂﬁﬁgaﬁgﬁéﬂ@ ‘Kf.‘qﬂ%}l%a%y e‘fl HHhis %&P’ée‘{]s generally in the
form of Zerni ke polynom al coefficients but can al so be a set of wavefront
hei ghts at specified Cartesian or polar coordinates. A preferred systemto
desi gnat @ Thwem@2bpdbk€lacmef Whatisribhsddtas dneenrage o€ mubigde egrnedl¢or©8rephet hod, in
ANSI Z80 8 The preferred process steps for generating a | ens design power
profile ﬁ Sthis method are as follows: 1) Acquire and average ocul ar
wayefront data maps for eyes prior to orthokeratology treatnent. Each
wavefront is converted to a refracti ve power map by cal cul ating the powers
pased UpBHTIEChadPAI s8N GpeteTiin thditdl sy BorrEe of uliple waxe fEnt G5 ned as { he
front to back axis, e.g. along the visual axis through the pupil center. 2)
Acqui re and average ocul ar wavefront data maps for eyes post
or t hoker 8t Thaogythbd 62CHRAL. wikacih theleas deiin pEv @ PRVREE ichldubated beivagiihy e
power map by estimating the radial slopes in the direction of the z axis,
defi ned a&nﬁﬁéwe$Emﬁﬂﬁguﬁa%kﬁawmeﬂwéb@n along the visual axis through the
pygi | center. 3) Subtract the pre treatnment fromthe post treatment naps.
4) Average all of the neridians together to generate a rotationally
symet ri 2) ftwenctiedoS)laith £ eviratie the lensedcaga foher profilvisdakllaneriydivareging
together tq erate non-r ot at i anal nnetrlc power map. 6) Trimthe
mgs to a defiveHridRer %Iaﬁe@élpnfytaaam@ﬁa NG {¥RY the profile out to a
| arger di ameter by decreasing the optical power and then flat |eveling the
power. 8) Optionally generate an envel ope of average resultant power
profiles by proportional scaling.
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In this nmethod, a refractive power map is calculated fromthe set of
esti mated wavefront Zerni ke coefficients using the refractive Zerni ke power
pol ynom aWwe,20M/154585<9) , as follows (see |skander et al pC20BZ91048968€hed)
103 F(r, q = ¢/ (r/r max , ) (1) ax 7=3 where c} are the wavefront
Zerni ke pol ynom al coefficients, rmax corresponds to the pupil radius, with
CH(-i g (n-s)I(n -2s) 2s 2 L P) - hs\((nt \m)I2-5).((n-\ Mm)l2-s5) P
and ise Cther nethods are known by those skilled in the art to generate or
calculat ef ctj ve omer valueﬁﬁfron1mavefront data. Ccul ar pupil sizes

are al so éionéile RS GiPREEY Y15 FURHE wavef ront measur ement or by an
i ndependent , dp%@hﬁlrlﬂg%ﬁlk’é@%%ta(ﬁlcﬁ 10 Hﬁl’ld]&ra@ol@%ﬁirleétﬁfé‘ﬁﬁ er). If the pupil is
measur ed i ndependentl he wavefront, it should be neasured under
simlar I|gh)HWQWQGE@WWﬁ@W§dﬁﬁ@ﬁﬁépﬁb@«m%ﬂbgﬁUﬁ@@@nbo design | enses for
i ndi vi dual s m | ens. basi ulatlons or

g populatloﬁ§gu%%m§ ﬁ%@ﬁ 6%%n§Ma§§gh§$5% qlre&ucd‘?ggrbtatlonalIy
syrmet ric depiggicralieg € lahd poddlripfofd@tiRt MRNidd edtEeclbR fddigs SaMBe reird@ion of
non-rotationally symetric design where each neridian is unique and the
result of the BYAIYBIOEISFORonpari ng t opography or wavefront before and
after orthokeratol ogy. The ophthal mc | ens nmade according to the invention
has the following parts and characteristics: a) a convex surface with a
central bptThe mahed siCaonndedhebyin ehepeavicfiber dta Baoavartudad airsdidlypottee map.
sgrrounded by an edge zone, and a concave surface which rests on the

Pient's eye; b) the lens power at any location in the optical zone is

descri begh)oy, SRl @ &&par tclaﬁl ARSIy g@dle RiWRIm Rlvid & erafuc%le%gtmlﬁsﬁét ol ogy
t r eat ment fron1th power before orthokeratol ogy treatnment. In
anot her poeﬁehme®1ﬁmbmdmnembyamhme&phKmaﬁﬁmmihem$odadmpamngmﬁnm@nn@athe

i nventio foII rts an cteristics: tral optic
et hEnE dig e Paite sRualhPu Y e T lo fefdeier of

usabl e dnapehEEeReNBaN ekl ek %rdﬂ'ﬂ: tHald thcRidel 85k @eof| If@smk 8hiscalR@WbrnkaP MM D)
a first annulus with an outer dianmeter between 6.0 to 7.0 nm the preferred
dilanet ertoabgaphs. 5 nm c¢) a second annul us surroundi ng the first annul us
with an outer dianeter between 7.25 and 7.75 mm the preferred di aneter
about 7.5 mm d) a third annulus surrounding the second annulus, with a

di armet er 1 DeThesiicie.df cainil 18.thatPrvoducbea hetiedigiefbr dilaBlig a beiveg saliguétwith 0 nm
I n anot her preferred aspect of the present i1nvention, the ophthalmc |ens
made accefitiRGoRtE Zome sprQwKiet 81 assphetal 2o8p Moy fither sursepded by an edge
charactegjstics:  ak.Jhg rﬁggg.ﬁhrggygﬁﬂkqv%ﬂg Leatral disc of the optic zone
is substantially constant ? the optical powe in the first annulus at
aBout a dianmeter of 4 mMmincreases in plus power to a range of +0.5 to +1.5
D, with p ferr l.ue .of about +1. at a dianeter of 6 5nm.increases
in plus gﬁmi © frgic Orfzsﬁ?gr@ 12vhpreig theslens wwm ﬁnsaloﬁ%télfnelpﬁ%f‘domgﬁb@nsfw about

+3. 4D, CYeskhbeORL écﬁl@kmﬂg‘e@fnehﬂo%@aﬁﬁp@d@b&ﬂﬁ%hH%ftgﬁ&%lﬁﬁéfawom%ﬁkﬂt from
the power found at the éd he Ti'rst annulus to a power between + 1.5
and +4. StoDadml pdwea npapefaed séurwanguéleqire tibasunentaBa frpm tl:@ podtércatpicnt mlap power of
the third annul us i.n ubst ant i nt  at out the power found at
t he edge® %F‘F%%ngﬁgﬁﬂgﬁ%ﬂ%W6§“V? ‘%3@ﬁ@¥> ?%?@Pﬁgh aspect of the present

i ngention, the ophthalmc | ens nade according to the invention has the
follomjngﬂparts and characteristics: a) The optical power in the central

di sc of theThpuitigleadiglaimsl2sultpseiand lans povewrs eanlocatinn intiec eiicekbzdncpower in
the firsg. anny #fednﬁ%ﬁﬁ%%%&la% a@%ﬁ?ﬁa} Q% fo?é’ Irtoﬁgl)lgerﬁglnoé %‘at%en ﬁb”at' on

of 4th ore&er or as ec ower ¢

first anmdialpoiver Ig@ps@rna@dbﬂﬂactﬁlgﬁleemu@teamm Rﬁwomth@ péaai@atm&t&%hﬁ +
27.568x4 - 65.028x3 +81.52x2 -51.447x +12.773 mhere X is the radial

di st anceSFCEHA & ﬁ@@@ﬁ@@gr@ﬁwﬁmww@} 3doGHIONER) power in the second
aggul us decreasing fromthe power found at the edge of

16) An ophthalmic lens for the slowing of myopia progression comprising:
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the first annulus to a power between +1.5 and +4.5 D, with a preferred

val ue of about +3.0 D; d) the optical power of the third annul us bei ng
subst ant iaDI2g1cBNESEant at about the power found at the edgasedionbwssesecond
annulus. It is recognized by those skilled in the art that the power in the
central optical zone of the lens is a result of the powers of the back
surface and front surface working together. The variations in power

descri bed ) wkenvetsuddcawdhdesitgrl opfic téve Juresedud tyraeariphon! nene voleclappl | ed
to the front surface, back.surface, or any conbination thereof. In a

br ef or r ed_onb SRR TORHEY BE b AR, i RohRE e Bt B el Pt Wod and
desi gn of theRLHR$QRYcI Nvention are applied to the front surface. Power
Profile Driven Ophthal mic Lens Design Methods:Different data sources can be
used to derbvéheccotalaptic Zorheonjasingrnfimrer disoping acintatil of dEralypinds: lentc| ude:
A gustom zed desi based..on. t he individual, subjects .dat r. A.group

esi o based S5 B4R RS nLE b it S e TP SyaRng B ol

chi | dren aged pd@er dfhy e site@bribgeratoRigy Arcg@mar fbmhp ub@dal poweessge based on
all available data (e.g. all myopes). Additionally, both rotationally
symretri c desiogheketologh ticatmant;othgll¢npespadrorsing thgsasdagisss arcauset #1 nabl e
usi ng the net . I i i s averaged across al

consi dered seggﬂggpg%gﬁgbgﬁﬁﬁﬁé@%ﬁﬁ%ggﬁggg&>]abreate rotationally

synmetl7) Tht lcde st giasy 160whicfeid the inkad disc has & tdaneed 1¢s9 thdan e - meri di onal form
it can be used to create non-rotationally symretric designs.
hBHrotationaIIy symmetric correction forns include, but are not limted to
toric ,18?%@[69-5 6?’&15&9'115 %Iereh?@lla%@ﬁéﬁéb'obv@fjﬁftﬁ?linn‘é‘r Eﬁc h ﬂBﬁﬁnt?aﬁ%%nﬁQﬁf ration
correction. Toric includes the Correction of both regular and irregular
astigmati sm The followng is an exenplary design nethod pursuant to the

prese invention, . obfained ysi averaged data fromall of nsi der ed
e < ey A S0 oF fhind PR SEE R IH AP LSRR it i Ehean fop AT Br Rt
design. Method 1: In the first method, pre and post orthokeratol ogy maps
are used as the starting point for the design. The pre orthokeratol ogy nmap
i 45sulB0) dbe s pf dleine he w%@@m thgreatieH @avwehefl the fird iaamd usiate dywetgyeldt mThiss wi | |
creat he r profid e shown in Figure 5. This power profile is then
appligﬁav%ngﬁgﬁ%ggzLégéign of alens for a nyope requiring a -3.00 DS | ens,
to retard the advance of myopia. In nmethod 1, the design power of the first
annulus within the central optical zone was cal cul ated nathematically as

f ol | owd) Thelgap okclgin g@pderen the oplical poyer alglig dirst agmlpoghesdiagatesoh@S .mm 447x
+12. 7 i adi al distance fromthe center of the | ens. The
nethoégb%?%%ﬁgfﬁﬁggﬁ?ﬁg%'can be enbodi ed as conputer readable code on a
c@fputer readabl e nedium The conputer readable nmediumis any data storage

device that can_.store data,which thereafter can_.be_read by a conputer
syst o) Eﬁ%}?ﬁﬁ gkclamm i@ﬁ%‘%ﬁ‘@iﬂ hesaeaa] ALY S T Al §a¥¥wt§f,
r andong A5G ESRHVERDT Y5 o RN, DVDs, magnetic tape, optical data storage

devi ces. The conputer readable nmedium can al so be distributed over network
coupl ed conputer systens so that the conputer readable code is stored and
execu {n,a distributed fashion. The invention, may be. inplenment usi ng
conpuca) THF s &hikiy T8 gt issPhing POBehAl B e SAa T BT BIOTLSt ¢ ware,
f D5 MaFgRn tHR3JoMeR FRinArat BRYEOHPIE #rit@AN@Gs SHESRTy thberReh . + AYnsUsB I esul ting
program havi ng conputer-readabl e code neans, nay be enbodi ed or provided
wi thin one or nore conputer-readabl e nedia, thereby making a conputer

progr L. €. rtic f , ' h
nvencronne FHEbE s 6, Al bR JRCHL R ARSI el W quie o,
dri ve dighakeictecenops hed® sdhmk, nmagnetic tape, sem conductor nenory such as
read-only nmenory (ROM, etc., or any transmtting/receiving nediumsuch as
the Internet or other communication network or link. The article of

maguf a5} 4h,e1GoBF ki 1 IR RPUHRLI SRAR OB BEABAR ANILAEisEly DY

executi ng the code directly fromone nedium by copying the code from one
medi urphgawathhibe powdi foomd etrthbydga @ftbedcondgnitutes. code over a net wor k.

Devi ces according to the invention may al so be one or nore processing
systens including, but not limted to, a central processing unit (CPU)
menory, storage devices, comrunication |inks and devices, servers, /0O

devi ces, or any sub-conmponents of one or nore processing systens, including
software, firmnare, hardware or any conbination or subset thereof, which
enbody the invention as set forth in Bhe clainms. User input may be received
fromthe keyboard, nouse, pen, voice, touch screen, or any other neans by
whi ch a human can input data to a conputer, including through other
prograns such as application prograns.




One skilled in the art of conputer science will readily be able to conbine
the software created as described wth appropriate general purpose or
speci al pupporelstssput er hardware to create a conputer PEIESAVI003BENPUL er
sub-syst em enbodyi ng the nethod of the invention. The nmethods enbodi ed in,
for exanple, the conputer instructions on conputer readable nmedia are used
to produce the designs described above. The designs created according to
one o0f26) han wphthelsic des doi the dloatinyef myepiupegrdssioprconiposngenses. Pref erabl y,
the | enses are contact. | ens

rative materjals fo rmatian of soft
ot het T oribed PR TSRS sentd BPHG S oD fd s o R b e witth R
silicone- Cont@wﬂkﬁgmﬂﬁﬁME@B§§nb ﬂﬁh&%ﬂdM&ﬁ%wﬁmﬂﬁ&@&ﬁkh@&%s&b&ée
disclosed in U S. Pat. Nos. 5,371,147, 5,314,960, and 5, 057,578
|ncorporated Mwaﬁmewweentrretres by reference hydrogels
rogel s, .and the ons. q Mor e

| cone- COerE enclte?l %3 1C.Z! nca cc}snlt?lmng an 1nncr ngh%ng an@ura'hpsy (Pfl annH %Il i | Onal it y

f er abl he Sur'd oxa
i ncl udi ng, W pbaui at|aln?llldoatlb101hth§©bbi€lil mteny ldeseribed B SutitRE tiffNcDptical
met hacr yl oxypr opyl oxanes, and m xtures thereof, silicone hydrogel or a
hydrogel . |11 BeweERef the cymafiarioghekarselogydrcatmannfam the ﬁptl@tl POYSr '%tré@feaf | con,
etaf |lcon, ge n I | con,
gal yfilcon or %ﬁglr) ae?&Plogﬁ%%Jnlrleﬁl?fgthgﬁ &{gggeﬁ]%génlzslré g%%{ ereb&e&@g;nrr ed out by
any conveni entomedllinglor ffowingxhaplogrestibe ofimiyepinal nmay be deposited within a
nﬁld and cured by thermal, irradiation, chem cal, electromagnetic radiation
C plng and the |ike and conblnatlons thereof Preferably nmolding is
carri ezdkgﬁt le'ﬁ§bpﬂah'111 215 WeRlLthelih@ i@ hadl$ iagh i Gess Whan SRGELT Um of vi si bl e
l'i ght re specifically, the precise conditions suitable for curing the
|l ens material wll depend on the materi al selected and the lens to be

forme abl e e di.scl osed
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entireties by reference The contact |enses of the invention may be forned
by any conveni ent nethod. One such nethod uses a |athe to produce nold

[ déer 129) Thrgensrof elainnde mihsraimthiedirst aanelug beschn @uit¢rahiametot bi¥weGubl éqiénminy, a
suitable lens nmaterial is placed between the nolds foll owed by conpression
and curing of the resin to formthe | enses of the invention. One ordinarily
ski || gd) iThetiey® cfrclaiini J6l wtreeelﬁgm cltﬁlchh[ﬂiweﬁl’(\)y ttetﬂtteraﬂﬂum@eg d@tntfdatayytheet hods

may be used to produce the he inventi EXAVP
( Pr opleatation: | Powser omdgexidp ﬁét7>%t+u%7y5%npéé|%§Xttfel 2 apl Wrrgtlr% 7(7éyeh@1reovw h)
and a% QHEEE&%P&ﬁ@ﬂmQémﬁ@??&%ﬁﬂ%?ﬁﬂﬁgmped'atr'C popul ati on of subjects aged
4 , contact Tenses produced according to the method and design
oQOthe present |nvent|on are fitted to one group while a control group
wear s _.conve ct |lenses o ctacles, The first gr recelves
Iensesg(iéﬁ%%[]eé‘ﬁﬁ Bt Shve heopip g ¥gor N ssruaﬁu%%g Ostiiretannpy 1 Pr K e
descrifpesthesel &n 225 07 9phigal power in the central disc of the optic
zone is substantially constant; b) the optical power in the first annul us
at about a dianeter of 4 nmincreases in pl us power to a range of +0 5 to

+1.5 ith a preferre vaI bou 0 D, at nmet er of

"nor eazadht [bof o st ok St itE aptied Bover g aondn by RS Biaolit o e
ObsabQHhtm%p%Qerﬁimh&ﬁﬂ@ﬂhg@afﬂ@@Mﬁ%nh@uﬁBﬁmﬁﬁ@Q6®e@ﬂﬁﬁLHﬁo@@&IﬁﬁﬁsDQ from
t he power found at the edge of the first annulus to a power between +1.5
and +4.5 D, with a preferred value of about +3.0 D; d) the optical power of
the t || rf d at
Che egsi‘i‘hgl‘e{ﬂg8F§g§§%§q%§]e‘é§§ttﬁ@tﬁufﬁ u18§’£‘u%%o%%m% hea%)e}%gﬁd 5&%1193%% fn U
descrmhm&nasmiw&ﬁpmganﬁngh@JoptrcaI pomer in the central dISC of the optic
zone is substantially constant; b) the optical power in the first annul us
increases in plus power by a suitable polynom al equation of 4th order or
hi,gher r nnul us is
goger nay Ths 1 r BEE S e iy B S s S o S B 0285
+81. 52nﬁsta151mt414ﬂﬁx pod2: fovd whibe edge ofgh¢ beeondiemillusdi st ance from the center of
the lens. d) the optical power in the second annul us decreasing fromthe
power found at the edge of the first annulus to a power between +1.5 and
+4.5 D, with a preferred value of about +3.0 D; e) the optical power of the
third annul us being substantially constant at about the power found at the
edge of the second annulus. After six nonths to one (1) year of the study,
the group wearing the | enses producedidby the nethod and design according to
this invention have a 60%to 80% reduced or a slower group average rate of
eye grow h than the group average eye growth rate of the control group as



measured by the change (increase) in axial length or change (nyopic shift)
in auto-refraction over the sane tine period. W Claim 1) An ophthal mc

| ens conpwObrgsessdesi gn that corrects myopi a or nyopi c PasiliSgmmaids[e and

i ncludes correction factors based on corneal topography or wavefront data
acquired before and after orthokeratol ogy treatnent wherein the use of the
| ens sl ows or stops the progression of nyopia. 2) The lens of claiml

conpr i3$) Ag:opAthebme densdor thasckwing bf myemn pr@ressj@nivdlezeﬂm et lsast ngondedibhe a

peri phe zone fur urrounded by an oS A qnc grface
B ch oplgil Z5gn et b SRy o, Bierf OCER; SHL8gxTET 36BN A B on
t he opigi Gak? zan@7k s-196178 WeRkrbY¥ Mﬂ@tracﬁatdlaalae%n@ﬁtel&ﬁter Bf)ﬂ\@'letﬁf the eye
after orthokeratology treatnent fromthe optical power before

orthokeratology treatnent to derive the optlcal pomer at each | ocation

é égz h&ann 1S D benng %Fglu | . contr al 1H% or slowi ng the

gr |onp Sp?a ﬁwﬂ?gn%% dOF PUOETSRIO2 “RAEI&TR" t he t ot al

pOpuI ation zgafa@ohﬁexaéﬁﬂldbd’ ®tih adpntidl@piethieduaiboufda b 2psMpdeel Pone which is

sub-popul ation data is acquired. 5) The nethod of Cla|n12 wherein data for

an i ndi vi dual ﬁt%heaé@fmtrnéiad by pn pege famermd aofonch g sHacqBIcBirests ofethgat a i s an

average of multi.pl ggrneal t opography files. 7) The nmethod of Claim?2

wherein the data is an average of nultiple wavefront files. 8) The nethod

of C ai m 2 mhereaicntralnepticense desiigimgpavieicr disof andex plsratist efidnatiechnky laver agi ng
meridians to a rot tignal | tric form .9) The. nethod of Caim?2

WAQr ein the | @RYCHYELY CﬁB%t“%‘FSPﬁ ZPRC 18 FITRYAPA €W URY IS AL SYTIRG ARy i dual

meridians to JrpQResrotationally symetric form 10) A nethod of designing a

contact |ens coﬁpr|5|ng a) acquiring wavefront data prior to

ort hoker at ol ogy treatnent b) acquiring wavefront data after
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correction factors for the retardation of nyOpla progression. 11) The

met hod of Claim 10 wherein the wavefront data is converted to a radi al
paner Japhe fepy ofglaimn 86 evherctothgopstH gowenpilihe inngs dise & substhuimllyaopnstgntconput er
readabl e instructions stored thereon for execution by a processor to
performa nmethod conprising: generating a | ens design by converting corneal
t opogr3apmie that af clhii 36 ivbeicin thg A5t AAyelut Bavan @déradiarn@éEetWedh @0t gOnenat i ng
a lens power profile that includes correction factors based on corneal

t opography. 13) The article of claim12 that produces a | ens design for a

| ens I f eg}g nggﬁﬂ

perlp%@é 1%%%%2%% n%%6n29 ﬁﬁ?@e#ﬁgg ggﬁygéﬁﬁg zy%%ge a concave
s0f acquathinc hPovest=s0.d86:t°h6. WAL er 2 B56HKé — 654))281%e81a51>a b 445tk €120 &Bere
wherein the Ie at. any locgation in the optical zone is described by
conveﬁﬂ?ﬁ&I@@P 5@“?6%@6F%b%¥mﬂ§¥§w5@?bre and after orthokerat ol ogy
treatnment to radial power maps and subtracting the pre treatnment map from
the post treatnent map to generate a corneal topography derived power at
each l4d¢dh¢ ms k§laind 839, Wineciarthd sscenddnnuluaismro@ndangtheifmsttahsulue hss goweer at
any location in t zone i s described by converting ocul ar

wavef FHHRCt qF%W?%ﬁ %ggﬁtﬁ?épF%r orthokeratol ogy treatnent to radial power
maps and subtractlng the pre treatnent map fromthe post treatnent map to
generate a corneal raphy derived power at each | ocation (x). 16) An

opht h&2hilbe lcapof elaym {55 te@whn@pbﬁal ppost of (e sepoad gnYHUTREIAB S siepos)ly a
Conve&omheap%%emuttd%t FRALEALe ARG £ONG: SHOSRNNIRAn, 36 LRNEL 35 prone
which 1's ther surrou g B y an e§ge zone, a a cofcave surftace whi

rests on the wearer's eye; b) the central optic zone containing an |nner

di sc, and a plurality of annuli; and a |l ens power at a | ocation in the
opti c4P) FBplens ef @é’é’ég@ BEkETe) ﬂ%%@tffiéé’tl‘iﬂ%S‘t%“ét?&ﬂéf‘atec%({@?n“éﬁs hapan gyt af t er
orbho%g&a&&l &Fﬁ?ﬁﬁ?@gh&hon‘the opti cal power before orthokeratol ogy

t reat ment; Tenses made using these designs are useful in controlling or
sl owi ng the progreSS|on of nyopia. 17) The lens of claim 16 wherein the
inner disc has a dianeter less than 2 nm 18) The lens of claim 16 wherein
the optical power of the inner disc is substantially constant. 19) The | ens
of claim 16 wherein the first annulus has an outer diameter between 6.0 to
7.0 mm 20) The lens of claim 16 wherein the optical power of the first
annulus at a diameter of 4 nmis between +0.5 and +1.5 D. 21) The | ens of
claim 16 wherein the optical power of20the first annulus at a dianeter of
6.5 mm



is between +1.5 and +5.5 D. 22) The lens of claim 16, wherein the second
annul us surrounding the first annulus has an outer dianmeter between 7.25
and 7.75 wom20RB)515BRe | ens of claim 16 wherein the opti caCTaseen/0sf65¢ he
second annul us decreases snmoothly fromthe power found at the edge of the
first annulus snoothly to between +1.5 and +4.5 D. 24) The lens of claim
16, wherein the third annulus surroundi ng the second annul us has an outer
di anetdd) Thetene ehcldind 3anuhBeib thmoptkB) pobree off éresfourth ehrailus 18 GybsingirBy n t he
optical power. . of the fourth annylus.js substantially constant with the
pover CPBLIT it DR EOReBURS o e Lt hil® sKADY B An opht hal mi ¢ I ens f or
the sl ow ng of nyopia progression conprising: a) a convex surface with a
central optic zone surrounded by a peripheral zone which is further

sur r odddéd aphthaimieders feoihe sloaving af myeriaveogsemsoaceonin ghlepss gtportagm aflibe

o or arcriy g st ool R b C pERRE SRRR) T PR I Lone

I's desniset-Nyigubiipgosiwigert Res GRtradial dipaverfroh tHeh@nky ef bt@rs.
ort hokeratol ogy treatnent fromthe optical power before orthokeratol ogy
treatnment; the | enses made using these designs are useful in controlling or
sl owi ng the progression of nyopia. 27) The lens of claim26 wherein the
inner disc has a dianeter less than 2 nm 28) The lens of claim26 wherein
the optical power of the inner disc is substantially constant. 29) The | ens
of claim26 wherein the first annulus has an outer dianmeter between 6.0 to
7.0 mm 30) The lens of claim26 wherein the optical power of the first
annul us is described by the equation: Power = 0.486x6 -5.8447x5 + 27.568x4
- 65.028x3 +81.52x2 -51.447x +12.773 where x is the radial distance from
the center of the lens. 31) The lens of claim26, wherein the second
annul us surrounding the first annulus has an outer dianmeter between 7.25
and 7.75 mm 32) The lens of claim 26 wherein the optical power of the
second annul us decreases snmoothly fromthe power found at the edge of the
first annulus snoothly to between +2.00 and +3.25 D. 33) The lens of claim
26, wherein the third annulus surroundi ng the second annul us has an outer
di aneter between 7.5 and 8.5 mm 34) The |l ens of claim 26, wherein the
optical power of the fourth annulus is substantially constant with the
power found at the edge of the second annul us.35) An ophthalmc lens for
the sl ow ng of nyopia progression wherein at |east a portion of the optical
zone is described by the equation: Power = 0.486x6 -5.8447x5 + 27.568x4 -
65. 028x3 +81.52x2 -5 1.447x +12.773 where x is the radial distance fromthe
center of the lens. 36) An ophthalmc lens for the slow ng of nyopia
progression conprising: a) a convex surface with a central optic zone
surrounded by a peripheral zone which is further surrounded by an edge
zone, and a concave surface which rests on the wearer's eye; b) the central
optic zone containing an inner disc, and a plurality of annuli; and a |ens
power at any location in the optical zone is a nyopia controlling or
sl owi ng amount of power. 37) The lens of claim36 wherein the inner disc
has a dianeter less than 2 nm 38) The lens of claim 36 wherein the optical
power of the inner disc is substantially constant. 39) The lens of claim 36
wherein the first annulus has an outer dianeter between 6.0 to 7.0 mm 40)
The I ens of claim 36 wherein the optical power of the first annulus is
descri bed by the equation: Power = 0.486x6 -5.8447x5 + 27.568x4 - 65.028x3
+81. 52x2 -51.447x +12.773 where x is the radial distance fromthe center of
the lens. 41) The lens of claim 36, wherein the second annul us surroundi ng
the first annulus has an outer dianeter between 7.25 and 7.75 mm 42) The
| ens of claim36 wherein the optical power of the second annul us decreases
snoothly fromthe power found at the edge of the first annulus snmoothly to
between +2.00 and +3.25 D. 43) The lens of claim 36, wherein the third
annul us surroundi ng the second annul us has an outer dianmeter between 7.5
and 8.5 nmm 44) The lens of claim36, wherein the optical power of the
fourth annulus is substantially constant with the power found at the edge
of the second annulus. 45) An ophthalmc lens for the slow ng of nyopia
progression wherein at |east a portion of the optical zone is described by
t he equation: Power = 0.486x6 -5.8447x5 + 27.568x4 - 65.028x3 +81.52x2 -5
1.447x +12.773 where x is the radial distance fromthe center of the |ens.
21



