- | - DESCRIPTION INTRAOCULAR LENS AND MANUFACTURING METHOD THEREOF
TECHNICAL FIELD 5[0001]The present inventionirelates to an intraocular lens for use in the human
eye, particularly an intraocular lens of a novel structure which can improve QOV (quality of vision), and
the manufacturing method thereof BACKGROUND ART 10[0002]As is well known, the human lens of
the human eye may have a decrease in chifaetdidtidSich as modulation ability, transparency and
the like due to aINATR ANMEREAR HHENKANID dVBAOAGRAKITIRRINGOMERTE GDCHHEREMECtVe error,
cataracts or the like occur and visual performance decreases. As a treatment for such cases, an
intraocular lens has been proposed from the past. This intraocular lens is 15typically inserted within
the capsule in place of the human lens aﬁ@ﬂ%&ﬁﬁéc%%ﬁ%r human lens of the human eye is
extracted aitf¢émoved. [(803}esweveyetiothediatesotulap |erisaot e donventioral strdbture, the

spherical lengpavse ieatcaRéRAiNHaasHh eAs offa spRgiGarhlensPAVRR SHitedigihe patient was
selected a d@(%edu%ﬂpsio J{Q rtl e,con eal 'c#ur%é%%rle ocu B f:"l‘)ﬁife 1I_gnigth 20and the like.
[0004]HoweVver, even when an ItraocUlar 1ens sunrelglgfort e pa ient is used, there were complaints
such as, "It's hard to see," "l can't see objects well,” and the like from patients who had the intraocular

lens inserted. This kind of vi_sion prot_)lerﬂmj‘;é’r@mmm%ﬁfrvi;ion (QOV), and ir} recent years, has
been jgundigpdg due to residual2b iHegHlaf,astigmatisms Rasidual pguiarastigmaism is due to

high-order gberration of the human %% and this cannot be corrected with convgntional lenses for

visual corrétioTrthidR EHHAISHISHSS &iﬁ%‘)glﬁ 1REATERE SRR By R dFCaTYENE power such
as intraocut@itensessagtassbe dilsorandt dbnse svifD0bS)Torhhledie thishkizd rofiproiviesrren reduce
high-order aharsation i a3 auManteye.in JaranesePalenke. 4450604:(Ratant Resument 1),

proposed is an mtraocg,lar lens thatl%\sl.% wave aberc{aftlon % E:theagg\/f&se code v gllrje[ to the wave

aberration in the ﬁﬁr%néna%%/%gro gsspem ied 5)50 Tation. Howev r, wi this' |lﬁa[?§%cula€?rﬁseﬁss, it was

difficulPto sapigsllydnserrdenitiedhs satp sk assfiidsdu reyuntens g Reldbadnigemedpecified
population, hneasucemenhehiheavave alzarratied sdttingoetdsthe reverse code value wave aberration

to the intra‘?@(‘)@ﬁ lens anﬁ&%é@ﬁ?’iﬁpq}f%um{?gocular lens of the conventional structure, the
spherical lens power is set, and an intraocular lens of a spherical lens power suited for
the patient was selected and used considering the corneal curvature, ocular axis length
20 and the like.
[0004] However, even when an intraocular lens suited for the patient is used,
there were complaints such as, "It's hard to see," "1 can't see objects well," and the like
{from patients who had the intraocular lens inserted. This kind of vision problem refers
to quality of vision (QOV), and in recent years, has been found to be due to residual
25  irregular astigmatism. Residual irregular astigmatism is due to high-order aberration
of the human eye, and this cannot be corrected with conventional lenses for visual
correction that correct vision using the spherical lens power and the cylindrical lens
power such as intraocular lenses, glasses, or contact lenses.
[0005] To handle this kind of problem, to reduce high-order aberration in the
30 human eye, in Japanese Patent No. 4459501 (Patent Document 1), proposed is an
intraocular lens that gives wave aberration of the reverse code value to the wave
aberration in the human eyes of a specified population. However, with this intraocular
lens, 1t was difficult to say that an efficient method had been established regarding
selection of the specified population, measurement of the wave aberration, setting of
35  the reverse code value wave aberration to the intraocular lens and the like, and putting
this to practical use was extremely difficult.
00061 Spectfically, as with the description noted in Patent Document 1,
prescribing for the intraocular lens optical characteristics for which reverse code value

high-order aberration 1s set so as to offset the high-order aberration of the human eye



this to practical use was extremely difficult. [0006]Specifically, as with the description noted in Patent
Document 1, prescribing for the intraocular lens etical characteristics for which reverse code value
high-order aberration is set so as to offset the high-order aberration of the human eye 2 to become
zero maybe ideal, but making this practical is extremely difficult. Perhaps because in addition to the

fact that théReDSFE"BRETER Higtvotdet abierPations Withirs s syemebnikiipatrdtishand the like
which has agarticutariiditipadvetse faffettaonigemality diwisiorh{Ov)dnadeifierant optichk
characterisfigs.arourd (b RBEALANIS a3 SHERUB AN IRIJens SEL YAl order aheration for
correction must be a custam g@ﬂ g&odéc and not %TI the esug(n but also the margjf@cturlng of
those s extEHE LA e B0 UGt Qi FEERRO T H B AR b tiffrent
technical fiskl theanttaeciHeaalsoa et lefd thhide thées abjestiontiier prashivinvartida armtgonin Translated

10 JapanesgRatensapplicationsf Bublicationdie: 2006:R37645 RatentRasymentiasa method of
improving the, in.telation to .residual irregular astigmatism is the provision of a corrective lens that
uses a chart 5?%\%%%&&(9\1}5%% egﬁ%%tt?(grff the QOV is actually measured for each order of the
high-order &¥&HFation expre@sdy bielssniee poRridaras ofife bHssratde g rbelddbardgon important
for improvemeatdlfof QO \thst spetifieshigad the spepifiechhigh-arden ahersdtion T anslaftskt to achieve

zero. Hpweyey, withihis,PABRL RAGWPENH R ARG ilhRat2ak2Rh e AP 7142,[0999) 1his is nothing
more than the goal of selecting onl é:éﬁpemflgd high-orde a]t‘rv]erra%ﬁgs that adversely affect vision,
and giving ?85&?50% SRS %ﬁﬁ% h&sEiEHRY $h&d [T aE A NSRS Yo Kehieve zero.
Based on ex@misieicn ByceOaévinverrchaf tives prederit faveritioh, théthesicddorfediivg emgpower that
mﬁkes onéyqtlm}lsi@eﬁfmmibgha@t@l@a @5:198@4&0@@1@196@ iﬁc—ihfifg%ﬁ@%éh%&%ﬁf%@ @ff%&%ﬂ wigion due to
other resi igh-order aberration is, large,,and it was difficult to obtain icient QOV improvement
effect. Oooﬁrnsggr |8L}1%a\(r),m vﬁlﬁ’t%lg (r)r%% %%%n}gt%%% ga%gen]ir %Oé}u%qéjr%%?\?v Oénlrgpfgggcrﬁ%%tive lens is

provided w Virkiepes Brde 8t thigyarsriarhBish-A1d6s detriisns e, ofgtalp oFiHe%e high-order
aberrationszare. difset torredthtzerdathe arcestive lens desihim anchmapiufa00arihgpdrBextremely

complex angithey haue.19 BeJmade.ip arderosP Heyaaingt Yary RIRctcaliang Hhigame;kinds of

problems as, those of Pa enéDocg}réne t 1 are unavaoidable."Meanwhile, when I

providing a corrective
e that heRD IR PRI e S AT SO Gt ST S LIPS orfomting

that to reacteiested tirecadvélsgleficdtrdistoibthe trewiamingdigh-Saed alveerationsti@igicoma
aberratjon) dsclargentangritivasdifficut tariealidernacd visor BACKSRAMMNRARLROGYMENTS
3sipatent Dociumente {0009} RRIEABACHIMS ™ bid il ARRoRRE ELISRLPIS RN Gie 1o
other residual high~order aberration is large, and it was difficult to obtain sufficient
QOV improvement effect.
{0008] In particular, with this method noted in Patent Document 2, when a
25  corrective lens is provided with a plurality of orders of high-order aberrations as the
subject, and all of those high-order aberrations are offset to reach zero, the corrective
lens design and manufacturing are extremely complex and they have to be made to
order, so they are not very practical, and the same kinds of problems as those of Patent
Document 1 are unavoidable. Meanwhile, when providing a corrective lens that has
30 only one high-order aberration (e.g. spherical aberration) as the subject and offsetting
that to reach zero, the adverse effect due to other remaining high-order aberrations

{e.g. coma aberration) is large, and it was difficult to realize good vision.

BACKGROUND ART DOCUMENTS
35  [Patent Documents]
[0009]
Patent Document 1: JP-B-4459501
Patent Document 2: JP-A-2006-517676

SUMMARY OF THE INVENTION



SUMMARY OF THE INVENTION - 3 - PROBLEM THE INVENTION ATTEMPTS TO SOLVE
[0010]The present invention was created with the £ircumstances noted above as the background, and
its object is to provide an intraocular lens of a novel structure and the manufacturing method thereof
that is able to effectively improve quality of 5vision (QOV), as well as being easy to apply to patients

and having a high level ditdpdgticdityHV EXNSNORNSEOTNEME THHEORRBEEEM [00111The present
invention pfOUidgs an intfaecptescens manofastusr trganétividt ithel edingn@)aropdied| dharacteristics

setting step,ofRetingdn AnoRtisal b RaItienAsphaHCA AbeUatianeha size.souesRRAINg to a coma

aberration remajning in a human eye of a patient from which a human lens was extracted, and of a
size for Wh%%dt?%iéesﬁﬁ@%%ﬁf%ﬁ&ﬁ%ée%%ﬁﬁ? i t’ﬁa%lgwﬂ ffah 8‘66#%5?%&‘{8&1%%%8( be offset and
- will be nadeitPrelRAIN,) (16F aidhgsheivg sastiniy stapofdptsninimrfahramseshapehofeisd optical portion

wherein thegpiiRligal aberration set at the optical 15 characteristics setting step is provided as a

corrective optical c_haracteristi ! A%§%'8¥9§6"]99h\|%§ ﬁg%ﬂ hat human eye of that .patient;
and (c) a lens forming step of forming an intraocular le aving optical characteristics in which a

high-order &¥ttation of thag dpfestp SMBRFR Y ARG ASHY Sy HNRIREEE ateitindVaH Wt IkESxis, by
means of fonkting the lodtigal ppetionitodabvadhe tensishapeitetsuminéddmyribadens @ashdpe setting
step. [Q012)f5raen thesHarkdhe ItaRaURTIeNs ehhe IRaRRtINYeIien RS AiBreraANSiIe of allowing
coma aberration to remain the.eye of the Pgﬁf t, and inre ards to this point, is completely .dlfferent
from the cocBBEBFBriSF dh LA ST SALTE THEF PASHTSUIER PAER HAE (e object o
eliminating Wlyhboherbsribe aliionion rememim godbiblbumheryorn tiohebpitattby Baivdly giving
spherical abelation afia sizene@eraspanging sy the:coma-aheraionds dhadniraoculanlens, the
decrease inQQV Jug,lo Sﬁtﬁ'é%a Shiation 3 feduged. %Qllicl?‘pa%%ﬂgﬁg}é’ the present ipyeption is
focused on coma aberration among the high-order aberrations when improving VISIOIJi), and in fact does
not gi\llé characteristics setting step is provided as a corrective optical characteristic for a
residual irregular astigmatism in that human eye of that patient; and (c) a lens forming
step of forming an intraocular lens having optical characteristics in which a high-order
abetration of that optical portion is rotationally symmetrical around an optical axis, by
means of forming the optical portion to have the lens shape determined by the lens
20 shape setting step.
[0012] From the start, the intraocular lens of the present invention has a
prerequisite of allowing coma aberration to remain in the eye of the patient, and in
regards to this point, is completely different from the concept of prior art corrective
lenses like that in Patent Document 1 which has the object of eliminating high-order
25 aberration as much as possible. Then, on top of that, by actively giving spherical
aberration of a size corresponding to the coma aberration to the intraocular lens, the
decrease in QOV due to coma aberration is reduced.
{0013] Specifically, the present invention is focused on coma aberration
among the high-order aberrations when improving vision, and in fact does not give
30 corrective optical characteristics that offset the coma aberration, but rather is based on
new knowledge of improving vision by giving spherical aberration of a size
corresponding to the coma aberration as the corrective optical characteristic. In other
words, it is not possible to avoid design and manufacturing being extremely difficult
for improving vision as long as it is based on the pribr art concept of simply achieving
35  zero by offsetting all or specific high-order aberrations in order to suppress a decrease
in vision due to high-order aberration as noted in Patent Documents 1 and 2 described
previously. In contrast to this, focusing on the coma aberration which has a big
adverse effect on vision, the present invention is established on a novel technical
concept that is completely different from the past, which is to reduce the adverse



30 corrective optical characteristics that offset the coma aberration, but rather is based on new
knowledge of improving vision by giving spherical éaberration of a size corresponding to the coma
aberration as the corrective optical characteristic. In other words, it is not possible to avoid design and
manufacturing being extremely difficult for improving vision as long as it is based on the prior art
concept of §f¢%ﬁﬁ>ﬁa%ﬁib9ﬂw SEFE VY HHSEHMBOAN SRUpRIRCSHIgRSTHS abErkigh&oithsrder to
suppress acgecrdaseatir wisioyueitg biglerardetbabatiatiorhas notediiviRale sy Docwianis | and 2

described pugyiRusty-di cRtAstdRthisclocuRing.aR ihe, SemrARATIOR Whichhasadig adverse
effect on wa%on, hf%gz{le ent invention is e tal}bllshed on q novel technical cgncept that |s completely

different frofit AR S VSR IR S BHVETEEs he COffSEtNE ARE RO MATADSHSRDI which is not
rotatiodally sivingetmiors theretationiitethbooptictFéenterarivdyasinespherichbabeomtiod which is
rotationally iayrarpesricabin relation taihe aptical certasexdiididasticulacithithistdnd g present
invention, tgges herical gb{aﬁ{atioln giv&q to the lens gﬁeeqtas th gggrﬁca've optical :%Q&racf{eristic is5

a

. alion, and. it gocs 1o Ve ZET0 1 rration, el .
nothlng more than anh OptIC c%arac eI‘IS%IC corres@n N %g tillje coma agerra |dn, and therefore it goes

without sa isg theceBIs alyeHidtfarn apPRI P8BS not achieve
Vilgtdabht HBeY HepdchievbisdiotByeR heceninisalyefiatsmt Gl
zero by offdettinghaploéritalpabe maticin neileerhitvilp uldraeab odetisioaddhahthisas dearnalagy of a
completely differeat. Rerspealivesfiomdhat of the past, which makes having coma aberration and
spherical aberration 10re 'ﬁ_b something affirmati e. [0014]In fact, by setting spherical aberration in
the intraocffiél%hs, beingc%l%l’t%\éﬁg%{%lgt’%%? iﬂ%?&%ﬁ’é’%ﬁ‘ér G dRRATHPRASS IRfREadverse
effect on QENehas Eekiryd sidmificathcewwhehamanefachicinasraHars ity insracffedaphe@E88, when doing
surgery or the likeanwbishamecinelementatignsafithe preseahinyentionckasresificallhaith a focus
only on corg{a)ligberration, to jve ave Vaplgﬁrationi e reyﬁgggsc%ge to the coma aberration, a

of tp
surgery’ o ¢ re implemen the tion.
complex lens Stirface sﬁape at’is rbtatlonall%/ asynl?meltrlca must be giv F,e§81ﬁ1éfl,‘ﬁ?§lal(§)8u|ar lens, and

not only is thREEESRIY afttmArarstoHhy MReTRBRRRSFAGAR dIfiCIIE BLRVRITSISTHISERINY fhto the eye as
well, it is neeessaryddehavespresisaiaigmmens icoihplek tenmfardhoe shispetin, isadhisdgangt 20 practical.

In contrast 59&9!%@1%4{'%@@}9;%&%& forwhich-sphadcalabeaton et aerogling fo e present

invention is formﬁae(g havin Obptl" charact r%tlc that are rotationally symmetrical around the optical
2, So it (B FSGEURE) B SR oSSR T R EREDRSTEITES M dBRGH SHEN b Hufing the
manufacturiieggsrateds brvenpredrse diiginctieleyibe sormanisfaotgridigearnidrhasedting arereasy, which

makesggit 25aasida. ut dbisrirmragtisalisadNkRliniathes Mot WpRdditiopya finding that it is
possible to redeu_geln thg decrease ip due.to.com ehberration bXIuﬂgggtphe{jcaltﬁt%egggtion, focus

ase in QOV .10,
was placeda on bel é)bfelet %g?%rﬁn%e&%ﬁ%% of s%r%%lcaﬁgﬁér%fbcn in the ntraocular leAs with the

intraocular TEHS1BPRICaIYHEPSEISHS HEQIRY: Bi g st tioialBP sYnfietiBare SOt thepi@sent invention
was completedtioy dﬁrﬂhﬂ' rﬂhglﬁﬂnéaenmﬁhi'ﬁaaﬁbﬁtbﬁdshHﬁﬁhriﬁﬁﬂ&@ﬁﬁﬁﬁﬂfdmﬁmmmmqus
completed Rarec AL 00! vy iasie, BRAGERL I3/RRWEN, I BRcaime Rassibif e provide a novel

intraogular lens which can reduce the decrease in V due to coma abefration which is one type of
high-Grier SBEMHAISH TS WhRtACH B dtical countermeasure was extremely difficult in the past, 35and to
give good QN3 Ivhile beingthsffiviently praddcadintte fimdiog rian ifac privd Entd imdlemértation.

decrease in QOV due to coma aberration by using spherical aberration, focus was
placed on being able to perform setting of spherical aberration in the intraocular lens
with the intraocular lens optical characteristics left being rotationally symmetrical,
30 and the present invention was completed by combining these with each other. Then, if
the present mvention which was completed based on this kind of novel basic concept
is followed, it became possible to provide a novel intraocular lens which can reduce
the decrease in QOV due to coma aberration which is one type of high-order
aberration for which a practical countermeasure was extremely difficult in the past,
35  and to give good QOV, while being sufficiently practical in terms of manufacturing
and implementation.
[0016] With the present invention, to deal with the decrease in QOV due to
coma aberration remaining in the human eye from which the human lens was

extracted, the fact that it is effective fo actively give spherical aberration using the



[0016]With the present invention, to deal with the decrease in QOV due to coma aberration remaining
in the human eye from which the human lens wasdextracted, the fact that it is effective to actively give
spherical aberration using the -5 - intraocular lens has been objectively confirmed by comparison
between examples and comparative examples in the embodiment described later. When examined by
the inventoPJPRTEIBTSRhPAMASHBIGH] S eclétaprl SIS Elved PR SRR S TTABREA BTy giving
spherical absmatiatiyancinipitsoug itthatboiditscan itestrfordvhich oNbdn techmicatibagishis

aCka"‘-‘@z%’f;BrRﬁ_*ﬂ%ﬂﬁEas&ﬁ?i@@MiHHPiP}é%@%QH& @ﬁﬁj@éﬁ%?@&@_ﬂ dhg EE&H@@QH}?%}Q‘ES according
to the present.lnvenﬂon |§[lhal o Clear frorg the e Empﬁ:t ‘1%5? escribed later. 001@ owever, the

spherical 2B SRR IS AP e St %ugresen inventioflis Set ata Size co??gsponding to

the cofha disebrition barid ifishackemda@eberrhtiopriéitatae, then(W4iye spprsrieatabesddtivn is set, and
if the comacabayatiay ihsmathdhan senalhsphatingalaber mtiemissaintiere e spesiffraorrelation of

the sgt@ing.t\ﬁ%lléga é{‘éetﬁr?&g&%@b%g%{ggion of thg intraoculgr Ie_ns in relation tp th_e coma aberration
remaining in the eye of the patient can be determined considering not only objective gptical

characteristd &t the patféAtE&e ARG SHbRRaE ORISH T Pie rarearedass tres pakidht or the like.
[00181For thisdincheédete nnieabtonsme thod;spaeligetthat cameabityrmieasend théhspherical aberration

for nofpnly, fig-lefs GPUGRLSHRIETBLBIRAERE MPALRYE QRlisal Syaietbis Aitdesad nJapanese

Patent No. 4652558, the specification fu.i. Patent N 7,07_?,6658. d the "If]ae an%go example since
i ikt Pk 8 AV o

the OPAL 385 (prodlct 26'n Hﬂgfl?ﬁ’a ebm)“/a %&ibﬁﬁ%s lcﬂ)erp.i” Bie“8H ¢ é’i?ﬁla S a wave

aberration paxurefie s devisdersoababarshariHbstmEanavietHe & pelasom dkilletidpniBe art could
implement §his@asiy:nnarticwanhahendaieratiingdhebalise:af thel sphericalaharration
correspond] e rati ith the.eye optical system, it js.no r atch both
items, as dé@%ﬁ%ﬁ% é’%%[\?é i%%%‘?(’{a%%?é& eégﬁ%hg%%eﬁg%i néﬁé’sr?v%#h ézgﬁntg@ﬁ%%%%% %%ci@sses,

preschbtiori&TEIBRSSLN Tty ihe QU Hiige vision sense of the user, or is selected based on
consideratigi? o8 the applicatibm Erdnitdsqoointobuiew{iceterainatohottnecwsiiyeahitnezspherical

aberration ghoulg be handiad by the Rersamskilled s Heart Bxlsieraneing the Heqks epinion, the eye

optical system objective measyrement jnformation or the like. Thus, compared to the prigr 30 art
tructure oMY LR 2 AR Paltht Rl MEe T A2 T s AR B B Amting the presen
invention dBessiolipwdl0éSbpimprddticalitevelnst difficuiiyrdr svarstienitRhe e prrdnsiention, to
make2iy %osﬁi?i@tmﬁaarayesgf%yh@l@d@m_ l.det@vm_iasléh@asmeﬁh@f. ' gtabﬁrr@t}mgitm_' ?@ﬁv& to further
narrow the ion range of the. [i rration that ctive, it i rable to use
the optical §§g%%é;né?§rﬁsgtfecv§ Cseeilgg,?%r%\ﬁ?e%%ﬁ%}%c—?ﬁ é%aéfhgbw?é%g?ér%n gsségn% lg%élfée%%t%ghereaﬂer.
[0019] SpetMtdiRRIFHMNE FiH e yB PaUEHHAT 2 Shate AR T LR NANA L E PR 1¢Rkre are cases

when theresis:sphericalrabsematiop duthtothenstiapeddtheitotheayantthellketdor, éxampte. In that
case, the spherical aherratian sel ierhedntaaemlardsssof 1s RIGRENIL IRVERUARISAegigned
Consggrmgw% ggrt‘tggtcﬁalnses or glasses, prescription is ultimately left to the subjective vision
sense of the user, or is selected based on consideration of the application. From this
point of view, determination of the value of the spherical aberration should be handled
by the person skilled in the art by referencing the user's opinion, the eye optical
system objective measurement information or the like. Thus, compared to the prior
30 art structure contact Jenses as noted in Patent Documents 1 and 2, for example,
implementing the present invention does not involve an impractical level of difficulty.
Of course, with the present invention, to make it possible to more easily and quickly
determine the spherical aberration, it is effective to further narrow the selection range
of the spherical aberration, and from that objective, it is preferable to use the optical
35  characteristics selection technology given by the formulas and the like noted hereafter.
[0019] Specifically, with the human eye, even in a state with the human lens
extracted, there are cases when there 18 spherical aberration due to the shape of the
cornea and the like, for example. In that case, the spherical aberration set for the
intraocular lens of the present invention is designed considering the spherical



6 aberration remaining in the human eye with the human lens extracted. In specific terms, at the

optical characteristics setting step, the spherical aferration of the optical portion with the intraocular
lens (R_MS value) is preferably set with an RMS value that satisfies any of the following formulas in
relation to the coma aberration Sremaining in the eye after the human lens is extracted E_RMS value).

[0020]IntradBEE 18RS SPRERAIBHEF S Em Bolitdivmreranirgifite dyeasttifens
extraction -t&:3%, pinthe opltited ebatacteissisptwetinglsalye niatiophsriCombeaheiratidnirepainihg in the eye

after lens extrachion il 1ePm0lA02 TELRG RIS walls is thenallg (it pml{orRich fhe wave
aberration in the pupil area of human eye tlca@ystem \l;‘)g)u into numerical form (displayed as
root mean gf’ﬁ}aﬁé)}i g™ egé%épﬁﬂ‘gﬁﬁnog%}&% eVt HIEOB d8nLH CHBRPEFEF R he formulas
noted abovEerbiitghany Bsraticaiaisberhtivarcismesporiting dd RE Torhee Aberration of the patient eye to
the intraocytarlens, it is Laeasyle abtaispenckQ@Vrihasalsoansidessinesphakieah@herration

remaining i[}lghg?,g%%% [%g%l{%hsooﬁ m?ﬁpti}%al characteristics of the human eye tend to change as
age increases. In light oeflt ‘optical characteristics of the cornea or the like, for example, it

at, usmlgg‘;e op I ( _
is possible to estirfHfaHEHEJFTE APRTSALANEHERMING SRR pREsERtoarsPiNRE HuMaENs is
extracted aefterding ¢atthetiage- 6f theupatient. From this perspective, as a result of additional

examipgtioyy the invenigr.qt the preseRtinventian. with Ihe eriicalaharaciaristss setiing step,
setting the spherical agerratlo set for the optical portion In the intraocular lens (RMS value) using the
patient age“fo?ﬁgsg%} inGto ?%et%% HHe Lo PPES An e BAsBY oRth Fowitg [iRtias is also
effective fof @5ibrahiag GoUdIT@Y s[BBR3] Instapculardensbpietioal atsdrratidadcA ByePatient age
-%4 5A (p@ﬁ%o@.-_ 1&@&%@ mhe& %%é;.ﬁ@?ﬁéﬂ&w réhepe;o'@h ‘g@ﬂﬁ@%ﬂ&{g@ﬁ faséﬂa%ﬁ%rg_a |
aberration, uman eye optical characteristic, changes according to age,.additiona
exa\minatioré{éé vr\;lggj rg?%lla%%%o%)tﬁlg i%%%lﬁt)ég%ﬁ%gnp?ggéﬁt%{%ﬁti%? ?&’sqgeréns%?ﬁ cly%%ée%n F?d]%hat from

humaheye8pYicarbirirgte<REtV e slve want datd te sEhe b koo tsealime dytheracket as the

patient for winictathe human lens has been extracted, it is possible to find an intraocular lens spherical

aberration b wiill give gepd QY in3pdhatpelisnts SPaRificallyn Wb the Q@Uﬁahg@%%geerisﬂcs

Caing the dlFEFENES BARROCR (RSP B (R EBEUHE AL HEREH e RUEn e spherical
aberration forthelearns agesbrackeespopitationcasithebgattnnanthegp heticapaferratien of the
cornegeof thigd patientis ettectivecion abtatning Gred QM the patient. From this perspective,
as a result of additional examination by the inventor of the present invention, with the
optical characteristics setting step, setting the spherical aberration set for the optical
portion in the intraocular lens (RMS value) using the patient age corresponding to the
coma aberration as an index based on the following formulas is also effective for
25  obtaining good QOV.
[0023] Intraocular lens spherical aberration = A + B x Patient age
~0.4 <A {(um) <-0.1
0.003 <B (pm) < 0.004
[0024] Furthermore, considering the fact that coma aberration, which is one
30 human eye optical characteristic, changes according to age, additional examination
was made by the inventor of the present invention. As a result, it was found that
from human eye optical characteristics measurement data for the population of the
same age bracket as the patient for which the human lens has been extracted, it is
possible to find an intraocular lens spherical aberration that will give good QOV to
35 that patient. Specifically, with the optical characteristics setting step, using an
intraocular lens for which the spherical aberration for the optical portion is set using
the difference between the average value of the measurement data of the human eye
spherical aberration for the same age bracket population as the patient and the
spherical aberration of the cornea of that patient is effective for obtaining good QOV.



- 7 - [0025]Also, the present invention provides an intraocular lens for which the spherical aberration of
a size corresponding to the coma aberration remdining in the human eye of a patient from which the
human lens has been extracted, and of a size for which the spherical aberration will not be offset and
will be made to remain in the 5 human eye of that patient is set for the optical portion as the corrective
optical chaf&€terstic for relSRILARIRESEM AR IvATERY idcthaminarralie spmbarpabisht Bihd for which
the high-ordghiabeiratiomtanihe aplicat peckponidigtatidralyayabeetical asoundiperoptical axis.

[00261As iselfah feomdhe desainton Abeue diRe aiAPEHERIRS DIz A0 Kind of stipglure can give
good QOV 0 F‘)ﬁ;frﬁé?ﬂ |r1f ct the design and m rﬁf@acwnn g can be realized easily, so it is easy to

provide on the Butt aﬂ%ﬁ?fé‘%ﬂ U4E PPh S AHSEL AN VLS IRIE K P BIRGR Tt tliFe according
to the Preséntiaveritionistiefertibly masetféotuied asing thermhathad b therpresentopiverition

described alpaue:AlsQe @@C&ﬂ@!‘ﬁr[ﬁ‘égn@%sﬁg?ﬁﬂﬂﬁﬁhﬁ grseiptianot hedapandaciwing method
above cang |l1_?%_1t ! mtrglgg Iar Iens Th prese t|n %Qtlono%sllggglas it is s%ﬁl]Jcliurally
feasible [0 ﬁlﬁ)so WItH the intradct ar {&hs of Brese inven lon, 1tis prgfeWb]Te Y&t at least one
of the sphe%%ﬂlﬂé%?ra%??%m% set according to the method of the present invention as described

above or the®MIS value issdisplayed-om ahdedsicope®f 2Bihe, lens imadocunit, itaindividuas package, the
housing pagiiags Pk Ausig et ERFECIRF THEINENTION (00284 she prspepignvention s

followed, the QQV is improved by ing erical aberration, which Is an gptical characteristic that

is rotatlona}ﬂﬁgﬁ}Fﬁmfﬂgéia&rBE ﬁ%ﬁf‘r’@%ﬁ%&i %8 RO R il daserrathsh Hud UMY ¥ big adverse
effect on 25 @@vaandefol whishrdpisdifflewtt ¢ fealiedrfinimotulartensihayvinglopticadenharacteristics

that offset the &arBa a@%«a@%@%&&m&ems}m siple nsealizeamintraacyiatleaseha novel
structure for whi % n, manufacturin are easy, a&ld r%‘%’yﬁ'; (l)Jnsag |%|s excellent.
BRIEF DEélﬁifﬁéjf‘ éﬂ%é T%l‘i““bR |EP€;£ 36 0‘58]‘% P
15 manufacturing method above can be applied to the intraocular lens of the present
invention as long as it 1s structurally feasible.
[0027] Also, with the intraocular lens of the present invention, it is preferable
that at least one of the spherical aberration value set according to the method of the
present mnvention as described above or the RMS value is displayed on at least one of
20 the lens main unit, its individual package, the housing package or the housing box.
EFFECT OF THE INVENTION
[0028] If the present invention is followed, the QOV is improved by applying
spherical aberration, which is an optical characteristic that is rotationally symmetrical
around the optical axis, in relation to coma aberration having a big adverse effect on
25 QOV and for which it is difficult fo realize an intraocular lens having optical
characteristics that offset the coma aberration.  Accordingly, it is possible to realize
an intraocular lens of a novel structure for which design, manufacturing, and handling
are easy, and practical usability is excellent.
BRIEF DESCRIPTION OF THE DRAWINGS
30 [0029]
FIG 1 is a front view showing an intraocular lens as one embodiment of the
present invention.
 FIG. 2 is a vertical cross section explanatory view of a human eye in which the
intraocular lens shown in FIG. 1 is inserted.
35 FIG 3 is a graph for explaining the change with aging of the spherical
aberration of the cornea in the human eye.
FIG. 4 1s a graph for explaining the change with aging of the coma aberration
of the cornea in the human eye.

FIG. 5 is a simulation optical image showing the vision during application to



FIG. 1 is a front view showing an intraocular lens as one embodiment of the present invention.

FIG. 2 is a vertical cross section explanatory view®f a human eye in which the intraocular lens shown
in FIG. 1is inserted. 35FIG. 3 is a graph for explaining the chan ge with aging of the spherical
aberration of the cornea in the human eye. FIG. 4 is a graph for explaining the changeh aging of the
coma aberréoRsTh& Xoidharr e M &yethrioimqsudasifatatibhepiichlbigaghéfiing the v s on
during applicaiiagide o8 tite fresaanieyenobihs sasiexpatientdonthedntaogataidensasiheiirst through

fifth exgmpmgfiggpaggﬁ%%hi%gggp{b%rwell_ as for a cqmparative e?(ample 1 for Whi(_:h spher_icall
aberration was se(i:r&o zero. FIG. 6 is a simulation optical image showln%dttpe vision during application to

5 the human eye J5 RS FUHATRIRHEM HPASE AP TARE B RISSR AT HHIS AR SRYHA Bxamples of
the presentthevemtion ais wélhassforcapebmdrative exanplealéos whibh spifetivahgheigtion was set to

zero.  EMBRRIMENTS EORGARRY NG T THE I MENTIRN 19930150 owing,iwe wil
describe an ehnglbo i%eplj[a lggh‘%é%rse&%ntzig\éention 10while referring to the drawings. First, in FIG. 1, an
intraocular iEns 10 is SNOWR a8 an emboditnent of the present invention. [0031]This intraocular lens 10

is constituted including MBEPICAEAOHIOH D GHR BB o ptiéal B BYEFRIdOBonstituting the lens main
unit, and a pEBOf suppoiFalhitsitd, 44 exierdieg autirentibeiepticalinodiondsA: The:ppsical portion 12

' 15 gruinRed i afon siacs and. fank sriaee foLphichesRertiely foughly,sphgrical convex

surface shapes are the fens surface ese front and back surfaces are refractive surfaces, and
designated Bt %ﬁ% ﬁé‘?i@fﬁ:@%@%@iﬁwnh this embodiment, the geometric center axis of the
optical porti®3112 and thel bisticataaxisl{o ptical Centermakis)alersatdmpathepsanhgoanchth is used as a
lens center@xisshRs efiMeanwhierthe paimefisHRRAHURIS il daredrnediextendingout facing the
direction mut%{aSIIX Apppﬁp%i%?efr&m tv(\)lgthgoargot%s %o%dtlﬁned t]}%cmigzmﬁuallg %pP05|te in %e.radlal
direction of the outer circumterence edlge par of the éjﬁtricaflportion TPERR ,?I%uﬁﬁ rtof each

suppdrt unit X RS fredhe dg & mat extasriedirbivy isuraceiréemmdrehcssdirattisivofalighdiptical portion

12. spherical convex surface shapes are the lens surfaces, these front and back surfaces
are refractive surfaces, and designated optical characteristics are set. With this
embodiment, the geometric center axis of the optical portion 12 and the optical axis
{optical center axis) are set to be the same, and this is used as a lens center axis 15.

20 Meanwhile, the pair of support units 14, 14 are formed extending out facing the
direction mutually opposite from two locations positioned facing mutually opposite in
the radial direction of the outer circumference edge part on the optical portion 12.
Also, the tip part of each support unit 14 is a free edge that extends curving in the
circumference direction of the optical portion 12.

25 [0032] Then, as shown in FIG. 2, this intraocular lens 10 is installed in place
of the human lens by being inserted inside a human lens capsule 18 after removal of
the human lens for a human eye 16 of the patient. Under these circumstances, the tip
part of the support units 14, 14 abut the circumference edge part of the human lens
capsule 18, and the optical portion 12 is held in a designated position of the center

30 nside the human lens capsule 18,

[0033] The matenal of the intraocular lens 10 is not limited by the present
invention, and it is possible to use polymethyl methacrylate (PMMA), silicone rubber
or the like known from the past as the material of the optical portion 12. It is also
possible to use known various synthetic resin materials for the support units 14, 14 as

35  well, but it is also possible to have a one piece structure with the optical portion 12
and the support units 14, 14 formed as an integrated unit.

[0034] However, with the intraocular lens 10 of this embodiment, spherical
aberration is actively given to the optical portion 12. Specifically, as the original

function of the intraocular lens, the intraocular lens 10 of the present invention has as



25[0032]Then, as shown in FIG. 2, this intraocular lens 10 is installed in place of the human lens by
being inserted inside a human lens capsule 18 after removal of the human lens for a human eye 16 of
the patient. Under these circumstances, the tip part of the support units 14, 14 abut the circumference
edge part of the human lens capsule 18, and the optical portion 12 is held in a designated position of

the center wr@i@é%@mmw%se%@% B THoEB]TREGH B Aalbe b frvableimPaTs 10 is not
limited by t@pﬁ%e@ﬁim@ﬂﬁmhum@d jtis.possible to use polymethyl methacrylate (PMMA), silicone

rubber or tedke known o Ragt s egnaiatial oHhR.ORUALRAMIEN.L ol s fisp possidle o

use known rlous synthetic resin materials for the support units 14, 14 as 3 is also

possible to HRFEMEH e BEE LB RE R %B%%PB%rﬁBﬂ“ﬁ ShePtha s thp8atisRitsd, 14 formed
as an ihtegtapecklinia. {O0841Hppavaematdly theintriideutasclens 1O wfctviss etivb splinrent, Ispherical

aberration ?@@wghéam@ratgﬂg@ apisaberition R iSeReificalyiAsthe Riginalfupetianaf the
intraocular lens th% intraocular lens 10 of the present invention has as - 9 - the optical characteristics

spherical aBerrailon in addition to the spherical lens power(}D) that replaces the human lens. [0035]As
is well IcnoW¥3the value ¥eateviipethsapriissisdeeimlios detdhninpdshaestion the dcihar axis length
and cornealrshapelaf e patisnizenc Siypieatyspovdiug of appraxinatelyeldntpBeRasset. In most

casesdhe saherlsm ReANeLIs st B A AAla dRCAlROIRLAL hisplsnAcceriabia g have multile

focal points set. 6]Meanwhile,the spherical aberration for the ]%qca portion 12 of thé intraocular

lens 10 is s@f%?g%ﬂéeé&ﬁ%%ﬁéﬁﬁjwli‘r‘fé L\ phErsagP e ol Bbetstiaid oVt ey i19 the human
eye 16 of threnpatienttfortwhieh ¢hie hunfadhdensisnas drtspotel; smhefaigizbshemthaythiospherical

aberration Wfikﬁ@ﬁ&%@ﬁffﬁﬁt@ﬁeﬁwﬁwﬁ@@aﬁa&qéammaew%M@W@/%@f&m&%ﬁdﬁ In specific
terms, with the nggrga%gee 6][01c thega}% {,f r which the mtraocul r* %s has b %{% mserted the
a

1o 115 SO c 817
spherical aberratlon IS se? e optic portlonuf o(ﬁhe in raocufar ens so ha e S|ze of the coma

15 aberration is roughly the same level as the spherical aberration. In this way, the
manufacturing method of the intraocular lens 10 with this embodiment is constituted
inciuding the optical characteristics setting step. The coma aberration and the
spherical aberration values can both be represented by RMS values (um). In other
words, the volume of skew in the light ray direction by the actual wave surface in

20 relation to the virtual wave surface orthogonal to the light rays expresses each
aberration as a value expressed n root mean square on that virtual wave surface. Also,
the coma aberration existing in the human eye 16 of the patient in which the
intraocular lens 10 is inserted is almost all according to the comea with the present
invention using the intraocular lens 10 having optical characteristics rotationally

25  symmefrical around the optical axis. The coma aberration of the cornea of the patient
can be found based on comea topography measurement values obtained using, for
example, a keratometer, a reflex keratometer, or a wave surface sensor. For example,
the C;' and C;™" terms are the horizontal coma aberration and vertical coma aberration
with Zernike polynomials obtained by performing wave aberration analysis, for

30 example, and the coma aberration is expressed as a synthetic vector volume of the
horizontal coma aberration and the vertical coma aberration.

[0037] At that time, spherical aberration by an ocular tissue other than the
intraocular lens 10 exists in the human eye 16 in which the intraccular lens has been
inserted. Almost all the spherical aberration remaining in the human eye 16 after the

35  human lens is extracted is due to the cornea. Because of that, the spherical aberration
of the intraocular lens 10 itself is determined considering the spherical aberration of
the cornea of the patient. The spherical aberration of the comnea of the patient can be
found based on measurement values by the same kind of measurement devices as the

coma aberration noted above. For example, the C4° term with a Zernike polynomial



15 aberration is roughly the same level as the spherical aberration. In this way, the manufacturing
method of the intraocular lens 10 with this embodifent is constituted including the optical
characteristics setting step. The coma aberration and the spherical aberration values can both be
represented by RMS values (Mm). In other words, the volume of skew in the Ilgflht ray direction by the

actual wav8'¥diRsePin BB IRETaiREn 18 the raUPR Ve R 8 SHIfS R PP S igTAY e xpresses
each aberrdtiercéisa Ualusplexprd stedriticootaheaseisijuabe onttiainart ladsndveasustateindlso, the
coma aberrafion ggmﬁﬁ&[@blaman eye 16 of the patient in which the intraocular lens 10 is inserted

is almost al rding to. the cor. Wlt he. nt invention.using the intraocular lens 10 having
optical cha@%&ﬁstlcs rotlé’tloaﬁgﬁ T2 ﬁﬁ&ﬁ%rﬁgégﬁg?gﬁﬁar{he 0 (ﬂggg%) A4 ESHRE B8 ation of the
cornea’of tﬁ@ﬁéﬁe&ﬁ%é@béﬁf@@mwbaseﬁi@m%ﬂﬁéaft@ﬁé@@%rﬂ%@measurement values obtained using,
for examplgpeskeratometgsvaveflexkaratomeimala Wwayesurfagensemnser. IEM exswpial the C31 and

C3-l terms e Fﬁr Qorg [H;\In %’Q&% r&ﬁ@;@y%gggg@ com %bgr:ﬁ;uon v%{h 1Zdem|}<(ﬁ%%olynomlals

obtained by perfo mlng wave aberrat examp €, an oma aberration is

expressed §¢4Ghth éﬁ@@eﬁﬁ?‘%ﬂﬁ%ﬁé‘%ﬁ‘%@ﬂwéﬁfgﬁtﬁﬁoﬁ% FrafidiR it the veriest coma
aberration. {fR3 744t tbatdime] sitehinal tbeirabioraine dmcoculan HEEYWE otherstitgecthe intrmocular lens

10 exigjs 'nam?tﬂé&@%%{g Rin phich Re.inkaggy Ry l@}%ﬁﬁ‘@ t‘ﬂ@‘?ﬂd%&ﬂ%d}eﬁé Allthe spherical
aberration r ma|n| ég In thﬁ g;an e e 16 after thgé%% an lens is extract ue Me cornea.

Because of tha {mﬂ? é%% R’ (%f’olflﬁ%’e i 8%6% fhgaﬂfigtd% rlsﬁﬁ’ﬁga sidering the
spherical abayiagion bithbitaenea of ﬁh@@aﬁ%ﬂmh@sweﬁ@mbenaﬁ@n@ﬁtmecmahﬁ the patient

can be foundihagse:onimoagusementyaluasbydihersamaikd nd ofimeasthesnanseieas@s the coma
aberration g@tae%)g%?\ég d:&{m &Igh gegﬁ et% ) Spi% §n%§ nike polynomial - 10 - obtained by

performing wav erration ana SIS IS sed ast rlca ‘aberration. Therefore, the spherical

bberrafion VAL et for tHHAGERARI 8160 bARD BT NSRSl e oI BAGH!
[0038]Intraeguldb|ahsephkrical atharraticn 2H, YCdmazapermatian fempairiblg ito Sthéeye dfter lens

extraction” 3yGQ, e%@1%9&1%!I%@kﬁ%&@%@%&%@%&é@\e@wer@w mqmw@amx@mgwcular lens
spherical a%erra lon |s tneces %%gmalﬁyé) Q{ect matc to%wé%ht side of the equation
("coma abe %\tﬂ%lsré)ﬁ?ﬁ r‘ﬁ% Fend'd F‘gé SAPIeE A EFH R ST ABE TS ). Perhaps
this is becaeiséehephigicnl (@@'Kﬁ)fiﬁsna(&l}@fe@ﬁw}téph tho apitrtheretioa Bigoindividhisiagifterence, and for
exampie theftiaogyiaidens sphesicalahasmaion Béd@%d;ﬁ@a@@mimm@drpa@vmﬂwerent between a

patient wh es that havin dlff nee i gue foa dlff rence in.the distance from
the subjectite ﬁjs not del?s?lra ?uefa?% gtlgﬁf \a}vhot snhe fike t8°6b sng“e‘”c‘S’H?y obﬁcf}s of a

specified didtaRre a&%%l?’l‘ﬁ(jﬁ@%?‘i@?ﬁ@f@h%\%ness 15[0040]Also, as shown in FIG. 3, the corneal

spherical aberratidntofdhddndenangyeitd abanstidoesbohanigerat @bl witke agiaginaihd s possible to

estimate thgﬂngﬁggﬁmggﬁal @qumon across all ages to be 0.27 gm (RMS). Considering this fact,
as to expr ss the preferable setting range of the spherical

it |sp Slb| %{ﬁ ethef form fFé‘
aberr (FIQ g]s alue) "Optical Portich 1 2% FYFP@’?HUE\%EW@WO?@%@TOG%[& it tHdoptical
characterlsﬁ&@%émhgsmkm@@sﬁae@@lbedlp@ﬂi@f@jslwd as shown in FIG. 4, that cornea coma

aberration changes as a linear function according to aging in a range of roughly 0.2 to
0.3 pm. Considerin'g this fact, the preferable setfing range of the spherical aberration
(RMS wvalue) with the optical portion 12 of the intraocular lens 10 set during the
30  optical characteristics setting process described previously can be expressed using the
following formulas for which A and B are each constants.
[0043] Intraocular lens spherical aberration = A -+ B x Patient age
~0.4 <A (um) <-0.1
0.003 < B (pm) < 0.004
35 {0044] Also, with a different approach considering that the human eye optical
characteristics change with aging, it is also preferable to set the spherical aberration
value for the optical portion 12 of the intraocular lens 10 set during the optical
characteristics setting process described previously within a specific range determined

based on the human eye optical characteristics of the population when a plurality of



[0041]Intraocular lens spherical aberration > Coma aberration remaining in the eye after lens
extraction -0.37 gm Intraocular lens spherical Bberration < Coma aberration remaining in the eye
after lens extraction -0.17 gm 25[0042]Furthermore, the coma aberration remaining in the eye after
lens extraction is almost all due to the cornea, and as shown in FIG. 4, that cornea coma aberration

changes adétiSAeTaRtiBht BT SoMARGa G 4R Tr L FERYE HFFOUGRR PR8I um. Considering this
fact, the pr¢héredile setting rapgeiof thensphiesichlabercatior (Rivi Shalae)rwgth thiwopticdigportion 12 of
the intraocyaylens %Qe’%ﬁitﬁiﬂ”ﬁ%ﬁﬁe%%ﬁtl%&Qh@{ﬁ&fﬁﬂﬁﬁﬁse%twﬁi%%%séﬂ%%@(?%@rﬂrewousw can

be expressedlu in g(pe foIIowin% éo muylas forEvvhi h ﬁ aag B are, each con taQts. [0 %3%ntraocular
lens spherilcﬂéi Eé%élg’a o AR B gtiéh‘?%&e %?i g h(urﬁ) B Eﬁl.]ftﬁ).ﬁd? rg_ B &Vr%)ag 1064
35[004%]Alsphexithlabpfiatemn eigbeorehasdrisiaenfdetias seé ssuhvarplsrecalivar dfriradi®rstics change
with aging, iitisalstpreferablade retithe gnhercahabaratianiaivetantheleptical parieall2 of the
intraocular ) set.during t i r istics setting pro ( ihe lQusly within a
specific ran‘Jg)g %éetgajﬁm%?e&g lEblgsS:’§ gﬁgtﬁ%%ﬁr%agﬁﬁe%;/?o%%?c%%%%%c%%%%%@f%ﬁ%g %é(g%%%%%n when a

plurality of IFeaRAY Pellomumrtheysaphd Agaliaydicseomhe Pisflelit laesetridaiensipiataiBiY§0045] In
specific termiss thecdifferd hoalbeivvestvthé thegragenvatvendfctihe spherical aberration measurement

data qpthe ﬂmtrzsrgn eye (enliraRYRIRRNGBLSYSIEMANCluing e camea Anddhelumag.iens) with the
ote

population above and the 5 spherical aberration.of the cornea.of the patient Is set as the
Cpherical aBSHAHON G RINE R 150 SR ol THAE BORHE. TRe YRt tHETTASbeular lens 10
spherical abenatiog setlhs thiswesys roagHly eatentdothehsphdichiabenetonahattasttbman lens has
in the humapeyk:afla healipidprEs b smhichhshthenpopylatinRdatedakayewas disaaversd by the

inventor of é@&ﬁ{fﬁs%é%ﬂ}’a?f‘gﬁgg&&@ AQLR %S‘%[{'Qe(%g%"%hiﬂaﬁl%%gﬁfse Ei?goé"é‘s”ge’ the

. r£§t9'n§§; .
spherical aberration determined-considering the coma aberration an e spherical’aberration

remaifing ifAESE PREMRITEPRSDS HFHEHARBHE B WRITH M hGRTEIT ISR MadeXbractir Spkcifically, the
spherical apewatiomizaving theheohrective gpfiéab Chiarpetaristits fehikdsitiodiurmagularsastigmatism set

with the opficgheharactensiicsseting pregesadacteneibethareyioysty: Apdifpessahsticrhlens power
correspondin todth sphencﬂgower regal mg in the h m%nﬂey%lm of“ttth}gatlent‘ for which the
human Ienﬁfa’ﬂe ACIRUR B35t Wt 8 opvils LR atlterists YA S HOkR RIS sy Retrical
around the &sticaitesishatitgsy oping! thhorapetistsssHapesbeningpibeestapatigeiermities the target
0pticajmi§}|ﬁa&t§ﬂ?1&asAlsmgsvishm@b%hﬂ@@ mga@?ulagih@m[iﬂm@ a_g Eﬁmme@h. vﬁlg i:ﬁ:w%ail gnown bly a
person skilled.in the art invglyed. in igF nses. if the setting values of the optica
characterisflgsfcaatlteE K e?és’rrﬁi/ﬁ]eed%?r%%%ﬂgs%%%gt%%%%%%%?’sﬁ?éa%%?rtﬁt[éclsn%%god;egfgﬁggé E’O% é%ape of the
refractive sti#4cly SRAPEcsHtaREing harivtesas srivih %ﬁéﬂ\‘?ﬂ%ﬁ@ HlEiGH Sotias LsiRg a ray
tracing algdrithm bhasedvomSnetlpdsaw, dallekamplelcibh d shapeadtthis intiagculaylens i@ is 25

specified by anHitilnges wneienof the ke a3 ind adia! dirsetianigiosss84tian ishane of the lens
frontnagd bac ét[?r example. After tha,é, the optlc%ggrtlon 12 of the Leé?s shape based on the design

inforntationBETRNa Wt HdRsAs RSHRTS Rl proedss e drBe SR SLEIOTS TSP by a lens
forming protess asilyg &spésifitdenSrnkatéeiad avaplsindgianwedt kihowptiva | ding mdthod thathe turning

method or fagdikRape based on the design information determined with the lens shape setting
process described previously is formed by a lens forming process using a specific lens
material and using a well known molding method, lathe turming method or the like,

30  and the infraocular lens 10 having the target optical characteristics is manufactured.
[0047] Then, the intraocular lens 10 for which the shape was determined in
this way is roughly in a disk shape, and is equipped with rotationally symmetrical
optical characteristics with the lens center axis 15 as the rotational center axis. Also,
with the optical portion 12 of the intraocular lens 10, the high-order aberration is
35 rotationally symmetrical around the lens center axis 15, and since asymmetrical
optical characteristics are not set in the circumference direction around the lens center
axis 15 such as coma aberration or the like, in typical cases when a prerequisite is
using a uniform lens material, the lens front and back shape is also a rotating body
shape with the lens center axis 15 as the rotation center axis. By doing this, with the



30and the intraocular lens 10 having the target optical characteristics is manufactured. [0047] Then,
the intraocular lens 10 for which the shape was dé&termined in this way is roughly in a disk shape, and
is equipped with rotationally symmetrical optical characteristics with the lens center axis 15 as the
rotational center axis. Also, with the optical portion 12 of the intraocular lens 10, the high-order

aberration S FHALGTRIN s phime it drsling mdacttisg e Al s deseiHes Bépiietrical
optical charaeteristicsléremtbt $dkintteporubinfereacty dicetiion drogmdithentendacanteg axis 15 such as

coma aberrglipn,er dheslikri trRifRk CaRem MDD A RISIRIUISILS IR HEIRY @diifoum Jens material, the
lens front ag.qetgéicg shape is also a rotating body shape with the lens center axis 15 as the rotation

center axis. ]éy dBmg this, with the - 12 - intraocular lens 10, at any stage, including manufacturing,
handlifg, in8effdn into tHaddgntaheyes B wribmsl e veisipossibie &f bsikimpedtam tesigh and
manufactusiegf@s e loasoidishrgarnswith QUi g pesially eonsidesingatignmerhiniiheaikcumpference
direction. 5[ ncide i fihe si tion results performed to
confirm th atggg%%]i‘ %%ﬂv%?g %ﬁ%ﬁ%&%‘%ﬁ%}?&ﬁ Ige%@%%l}\?%%#tﬁzégg%ddiment are shown hereafter

as exampld§¥tthe presdiitihvetiion sfisovoikfrsinenstisi FowWHsHE St BRSNS [When the
intraocular fens: facnidd ctored mgcardivgptesthe presenirinventisadwas ai$6dytar ald0pyaantold patient. 10

With this S'Wﬁl@fﬂ%@’sﬂﬁhﬂgtgﬁt,'%k%m&&%&%@@%ﬁ%i@%@%&%& by 4emax
Development Corp, of Ehe U.St. as ar}t egaél model of %68\%?63 P olégn ent, an item.with coma
aberration vee_r iar comEP abEtration VoIt 'of)thaésé%-?}i% ' with's 2 eyﬁ%jﬁ{ rﬁ%ﬁlfrgf 0.24 mm
was constragtéeinarthopstivalebEeicte fistics dfapraeyecoptical sysmeapt dheelatintg o théhobtical area
applicable toetmpupiai-fomimiyere 23 evaluatedonithatkangalt singsinowiatias-patisalfinage.

Specificall \ .1 al > t in which
ine ntraoosTe B g O e L B R o o
remaihd. TREH G dendriheRe eaMBIka ARHSAGIERERd BiTITARIVE EREMBe 11, with the

point for whichitble foeakipoimtpositiendaysphericall 2@ teristpaower mioptinuym (©.00EY) alsca reference,

a simulatior, gRijcakimage; ot e_rR DosiiaR Whs R thefecat AANt RN i3 nkeweddndhemear direction
by a dlstan8 Eorrelatln to O.gg D and 1.00,D from thefre was obtained, gnd the vision (QOV) was
?1 } BRSmpl 5D

assessed usihg tHs&” {0050]Fot tha tﬁur?%ﬁ e@gfi%tﬁ c&ﬂ?ﬁgrgﬁ%}_ P &Ccorditi to the 25
technical c6AB@Ptats petdtiplPhtaritiDbemiahiar, Torielkdhaplsahioisbreddies ty apdwsealhen the
intraogullar lenspuasinsesiethsmagiiothayethe sphercal akeralen{SHhRECamabersatiaarvolume of the
C4 term wi rmilce palynomial) hecome zer mely, far which spherical aberration of the
reverse co e%&?@sﬁtﬁg% tglsé( ?08 % @gﬁﬁ %Slﬁgﬁclglégb&gr?%ﬁgna}%r%%}%ﬁéeﬁ% ﬁ?:b go?n(ilg ?ﬁeeanwhile, with

examples TERFIAGRE0N A SdwskbEORdestisie st Qaisdian the VitiebeuEViEReéwas inserted

with opticalashasadtesistichdor.which spherical aberration was set actively according to the present
invention. Impagticular, the,exapRigqorielalesH e caaawhen he.aphercal abgiraionof the
mtrao%nar gﬁgfﬂw%s seg cotn5|der|e% TEIE—?e s%hﬁn%al aber aﬁon of thzec rnea }:so t?at Spherical aberration
of the’8amé& RME VAR H thie S5 A aBerPATOH S8 ainth g TR hUR STEE TS 428 f8851]From the
results of thesinibfaibrroptienldnays skewedinoRIGioTdr isttemhtiimat obspaten: (orhedsd when the
spherical abgsratipm isoffset anase tagel avithe:caseiRt ativebasetiivecspiesical @aepiation in the
oot YerSHRRISREhARAARR MG A7 AV ASE RN DR SR Ih RapaRe i poal Pt
aberration remaining in the cornea). Meanwhile, with examples 1 through 5, in all
30 cases, this correlates to a case when the intraocular lens was inserted with optical
characteristics for which spherical aberration was set actively according to the present
invention. In particular, the example 3 correlates to a case when the spherical
aberration of the intraocular lens was set considering the spherical aberration of the
cornea so that spherical aberration of the same RMS value as the coma aberration
35 remaining in the human eye is set.
[0051] From the results of the simulation optical image shown in FIG. 5, it is
clear that compared to a case when the spherical aberration is offset and set to zero,
the case of actively setting spherical aberration in the human eye suppresses changes

in vision (image quality) that come with changes in the focal point position.



- 13 - Specifically, with comparative example 1, with the optimum focal point position (0.00 D), the
image clarity is high, but as that is moved away frbi, there is a sudden drop in vision, and at a
position changed by 1.00 D, it is almost impossible to see, and it is only possible to see items of a
specified distance, so we can understand that ensuring 5 quality of vision is difficult. Also, not only with

example 3 FRSIICH Hha EB TR EiERPGals SetbibeARII HnBsHtiBaiapovIHE fms of
examples Zanthé jrewendt@ipositigh, bhangddtby hO@Dawas tlear, thetctheagudtity di-tperimage is

ensured wellGompatest 1o samparatiye.exapnied dOASRIARRFIFpSsshans the sipwiation results
when using at[;s{lntraqJ uI?r 10 lens ma nufac #IE éi(gccordln to the IHIent |nvent|on for a 20 year old

patient. With"thi§ Sithufation” the &M mea Fﬁ%ﬂg%’ SUER BHSTSEb IR SHSHESEMAX, as
the eyéball GHek] of ﬁxggryewiﬁ‘fbcpbuéwamwﬂlbﬁw%%mﬁaﬁoﬁ@@u&aﬂmm@qb@iraﬁon

volume of thieeEdidernmyith therdemikepalynamial) @i@. 4t wmnmwas epnshustednand dogpptical
characionsie gldie.£xe.aRIad Y Si6 SOUSIBING e delIe ARIEA G QO TeSRANTIGIR 2 ot of b

mm, a Lan ng simu atl n optical |mage was o ision was ‘assessed 1Specifically,
the same aSAMBIES RIS FRRRE domparative example 2 correlates to a case of offsetting the
cornea sphiHiéal]aberratidiswithlthebinstrawcutar énslspheriealhbevhatiomns andanaiirgohdaspherical

aberration @éﬁE‘%@M@fg&ﬁl@&%'c%i/&‘i?g”}cp%é%%sé\ﬂ?%%ﬁi BnViih @é@@@i@%ﬁ thoydh fs@ll of these
correlate to asesf r which an mtraocu r lens as |n erte \é{ltho Icharact Iz}zm r which

spherical abBF SHBH B Wie &y 8 GIstidR ey Fé%%“%? 8&3 A0LBHARY o TS ention. in
particular, éxahipkyFbiglamideh (férﬁvﬂ{ﬂidﬁgph@rﬂ?@ﬂ@ﬁeﬁ@tltﬁmbflfdwgﬂhﬂwﬁf@fe’amle(wsﬂalue as the

coma aberration shdherye Qpiieal systent wassat wath[@R5ALhIRe sbRresulls ofithe siplation optical
mage shoup, 1,615 .8 U0 I RXATIRIES @ braudl B comered ( ssseuhn, he spherical

aberration is offset and set to zero, a case when spherical aberration ¢ respon Ing %og[he remaining
comaléberltg’ﬁd??'ié"@cﬁ’i?é‘l)?%”‘?wli‘%gﬁﬁ%@%&%%@%@a%ﬁé&@ﬁl}% apsHR RRskeal quality of
vision by bemaggalwestotsuippressichsingessnavisisadimage quality) 30that come with changes in the

focal point pesstipn. KEY§oEQRYINBRLSIAR5E] 10untaapHailensdaRPicakpiian3516: Human

eye -14 -
y example 2 correlates to a case of offsetting the cornea spherical aberration with the

intraocular lens spherical aberration and having the spherical aberration of the eye
20 optical system be zero. Meanwhile, with examples 6 through 8, all of these correlate
to cases for which an intraocular lens was inserted with optical characteristics for
which spherical aberration of the eye optical system was set actively according to the
present invention. In particular, example 7 is an item for which spherical aberration of
roughly the same RMS value as the coma aberration of the eye optical system was set.
25 [0054] From the results of the simulation optical image shown in FIG. 6, as
shown in examples 6 through 8, compared to a case when the spherical aberration is
offset and set to zero, a case when spherical aberration corresponding to the remaining
coma aberration is actively set can be understood to be advantageous in ensuring
overall quality of vision by being able to suppress changes in vision (image quality)
30  that come with changes in the focal point position.
KEYS TO SYMBOLS
[0055]
10: Intraocular lens
12: Optical portion
35  16: Human eye



CLAIMS 1. Anintraocular lens manufacturing method comprising: an optical characteristics setting
step of setting in an optical portion a spherical 5 dlerration of a size corresponding to a coma
aberration remaining in a human eye of a patient from which a human lens was extracted, and of a
size for which the spherical aberration remaining in that human eye of that patient will not be offset and
will be made to remain; a lens shape setting stdp’dMfetermining a lens shape of the optical portion 10
wherein the spherical aberration set at the optical characteristics setting step is provided as a

corrective qptical %haracteriitic foraresirgu | irrequl radsti matism in that human eye of that patient;
- R RBE TS IS R

and  alens formflnlél%?é)ﬁu rf(%??ﬁi}?&%“ _ aoe _ g@ﬁ%’@ptipal characteristics in which a
high-order aberratio®iiatiathopticaripostioptisgstanoianin8syramenfical BREiMUaaPloptiddl axis, by
meanssof fepning the:pplical erianidihave thelensishapedetermingdiby thedensyshape setting step.

2. The int I f [ t laim 1. wherej h |
charmeton e B S e e RIS s vatue

that satisfie®HEHYT IRRIBHERiiTgRSFALIEET FiraRictial naHedprEtieal kseitband &dbeaberration

remaining imdbe teyemifiar lens extraction -0.37 gm; and Intraocular lens spherical aberration < Coma

aberration remaining.i e SYQARES 8BS SKURRIANNAL 4 Bs ZRage HRGHPURBCHIASIRNS
mamﬂ cturing method acgcording E) claim 1 or 2, wherein, at]é%gtlcw characteristics setting step, the

spheriCal aBSTEIBN St RO b SREHPH RIS 5 4P fuith 456 SRISHT: EAHEEE S &F the following
formulas, witevedadaasonB ais goivseaiten | 3tuaeistiatar fens sphévidaireisaleativtizmalisd w Patient age;
-0.4 <A (I aOhliARtR QA3 EBHIIMI<AP04. 4. The intraocular lens manufacturing method
according to any Qne, eo},fscl irg} i%'s’s?EeS Wf(l) refi(r)ln%ti]]ihe dgﬁti%grgg &ﬁgte[ésﬁtsic%%ggltligg gt%palthe spherical
aberration set for %he pptice(fi ortion |.spset y 'usmggq Ifference between an avel%tgepva ue of
measurem&ht@sterisHEUH sPdvieslcrdsaatng of BpopriisabasHarstimelaiygdiicket with the
patierittandsihensghesicalcalndrsationioflaaciynea mtihe @afienting e-optical portion to have

the lens shape determined by the lens shape setting step.

2. The intraocular lens manufacturing method according to claim I, wherein at
the optical characteristics setting step, the spherical aberration of the optical portion is
20 set with an RMS value that satisfies both of the following formulas:
Intraocular Iens spherical aberration > Coma aberration remaining in the eye after lens
extraction - 0.37 um; and
Intraocular lens spherical aberration < Coma aberration remaining in the eye after lens
extraction — 0.17 um.
25
3. The intraocular lens manufacturing method according to claim 1 or 2, wherein
at the optical characteristics setting step, the spherical aberration set for the optical
portion is set with an RMS value that satisfies all of the following formulas, where A
and B are constants:
30  Intraocular lens spherical aberration = A + B x Patient age;
~0.4 <A (um)<-0.1; and
0.003 < B (um) < 0.004.

4, The intraocular lens manufacturing method according to any one of claims 1-3,
35  wherein at the optical characteristics setting step, the spherical aberration set for the
optical portion is set by using a difference between an average value of measurement
data of human eye spherical aberrations of a population of a same-age bracket with

the patient and the spherical aberration of a cornea of the patient.



5. An intraocular lens comprising: an optical portion being set with a spherical aberration as a
corrective optical characteristic for a residual irregdlar astigmatism in a human eye of a patient, the 5
spherical aberration being of a size corresponding to a coma aberration remaining in the human eye of
the patient from which a human lens was extracted, and of a size for which the spherical aberration
remaining in that human eye of that patient will not be offset and will be made to remain,

wherein a hjgh-ordgy glg%gaﬂgplggsﬂagrgt‘g%@llgportion is rotationally 10symmetrical around an optical
axis. 6. The intraocular lens ac.corgin o claim 5, wher&%t&fﬁe spherical aberration set. for the optical

portion has an RM& 912 RETEi ST St BFRe PO BAUPLS? it S LY fetid Spherical
aberration sl@metarsberfationresidadhinmeirntoe asyignfieamiens 4 Sextractvn oD B8P3sient.athd Intraocular

lens spherighabeiraion 6 aonemARETEaIoN FeMaIIRGNE the.axsmaliaflensexicactiong 17 pm. 7.
The intraochgllg lens accorgLHg to céa{'rpr 50r % ﬁi\“lhﬁein thFe S herica{ aberratio set g%r }he optical
t efo

portion has aniﬁmg\%ﬁgt a %Eghs ies all o Yé%%g Por%ﬁgé,rv% ere‘A‘and’B are constants:

Intraocular YEH&SBKetRbsr RSt en Ao aning it dhatdweran ev's oA inpasiond vl 62003 5 B
(pm) 5_ 0.0&sc2 2n8 wihédnitahculaederis,according to any one of claims 5-7, wherein the spherical

aberration set for the.pnfical RAUIRBRSCLMLSINY 2 Aifferencs HetUeaR AN RVarRgs.¥ale of

measyrement data of humag eye spherical aberrations of a population of a same-age bracket with the

patiert’and SHERPREALAICABEA BRIV 4ESrnea of the 30patient.

6. The intraocular lens according to claim 5, wherein the spherical aberration set

for the optical portion has an RMS value that satisfies both of the following formulas:

Intraocular lens spherical aberration = Coma aberration remaining in the eye after lens
15  extraction — 0.37 pm; and

Intraocular lens spherical aberration < Coma aberration remaining in the eye after lens

extraction —0.17 pm.

7. The intraocular lens according to claim 5 or 6, wherein the spherical aberration
20 set for the optical portion has an RMS value that satisfies all of the following formulas,
where A and B are constants:
Intraocular lens spherical aberration = A + B x Patient age;
~0.4 <A (um) <-0.1; and
0.003 < B (pm) < 0.004.
25
8. The intraocular lens according to any one of claims 5-7, wherein the spherical
aberration set for the optical portion is set by using a difference between an average
value of measurement data of human eye spherical aberrations of a population of a
same-age bracket with the patient and the spherical aberration of a cornea of the
30 patient.



