MANUFACTURI NG METHOD OF | NTRAOCULAR LENS Technical Field (0001) The
present invention relates to a manufacturing nethod of an intraocular |ens
for manufacturing an intraocular lens inserted into an eye instead of a
crystalline | ens of an eyeball. Background Art (0002) When a
crystalline lens is getting cloudy due to a cataract, etc, the crystalline
lens is renoved and an intraocular lens is inserted instead. In recent
years, with a spread of an U trasoni c Phacoenul sification and Aspiration in
particul ar, an i MaNaDENCZURIENG MAIHOTAN be INMSdedLRRomM BN SRl |

i nci si onal wound has been devel oped and is put to clinical use wdely, for
t he purpose of reducing a postoperative astigmatismand a surgi cal
invasion. This is a soft intraocular |ens capable of inserting the

i ntraocul aedrenscéiomitdied smal | i nci sional wound with its optical part
bent, by using a soft material in an optical part nenber.
(0001)

The present invention relates to a manufacturing
method of an intraocular lens for manufacturing an
intraocular lens inserted into an eye instead of a

crystalline lens of an eyeball.

Background Art
(0002)

When a crystalline lens 1s getting cloudy due to
a cataract, etc, the crystalline lens is removed and an
intraocular lens is inserted instead. In recent years,
with a spread of an Ultrasonic Phacoemulsification and
Aspiration in particular, an intraocular lens that can
be inserted from a small incisional wound has been
developed and is put to clinical use widely, for the
purpose of reducing a postoperative astigmatism and a
surgical invasion. This is a soft intraocular lens
capable of inserting the intraocular lens from the small
incisional wound with its optical part bent, by using
a soft material in an optical part member.
(0003)

From a structural aspect, the soft intraocular lens

is classified broadly into a type that an optical part



(0003) From a structural aspect, the soft intraocular lens is
classified broadly into a type that an optical part and a support part are
conposed of different kind of materials, and a type that the optical part
and the support part are conposed of the sane material. The intraocul ar

|l ens of the type that the optical part and the support part are conposed of
the different kind of material, is generally constituted of an
approximately a circular optical part conmposed of a soft material such as
fol dabl e sinld cONsu@P Yt Cphes Narand diysks sgal .o Andi & reuppott kaard ee@nposed
of relatively harder material such as pol ypropyl ene and

pol ynmet hyhpethacsykat esnd th t{pet ith £0d topenegt idoveverisueh @ type of

i ntraocul ar | ens has a di sadvant ageous factor that a higher cost is

required dugpddra e i gakeddmpykact usf nghst epadbt hougdrskabi | ityei n an
eye is relatively satisfactory, and there is a high possibility that sone

troubl e ogeuns &kudajroildnPast breawssmd henopt keal diat i cand ptaher sapgort
part are conposed of the different kind of materials. Meanwhile, the soft

intraocul anel oMbl phe opitsatopgids &ndo £ hehsuppTfe pant: coip@sed of the

sane material, does not have such a di sadvantageous factor, and therefore

has been fikghldight pdisegentdnya1(P084hstituted of an approximately
a circular optical part composed of a soft material such
as foldable silicon, acrylic resin, and hydrogel, and
a support part composed of relatively harder material
such as polypropylene and polymethyl methacrylate, with
its tip end opened. However, such a type of intraocular
lens has a disadvantageous factor that a higher cost is
required due to a complicated manufacturing step
although stability in an eye is relatively satisfactory,
and there is a high possibility that some trouble occurs
at a joint part because the optical part and the support
part are composed of the different kind of materials.
Meanwhile, the soft intraocular lens with the optical
part and the support part composed of the same material,
does not have such a disadvantageous factor, and
therefore has been highlighted recently.
(0004)

Incidentally, as a manufacturing method of the soft

intraocular lens with the optical part and the support

part composed of the same material, a race cutting method

and a cast molding method can be given. The race cutting



I ncidental ly, as a manufacturing nethod of the soft intraocular lens with
the optical part and the support part conposed of the sane naterial, a race
cutting nethod and a cast nol ding nethod can be given. The race cutting

met hod i ncludes the steps of: applying mechani cal machi ning process to an
intraocular lens material including an optical surface; and nolding it into
a desired shape. Meanwhile, the cast nolding nethod includes the steps of:
injecting a raw naterial nononer into a nold having a shape of an

i ntraocul aetlens; iandl pdleyrertiz ng w@ads mobd di: ngaplpd ynomgmetie cAs rai el hod
utilizing the cast nol ding nethod, for exanple, nethods disclosed in patent

docunent daamd rpahgntpdecuwmEnt to aren knowhrap@yr lens Mecemiag to the
nmet hod di scl osed in the patent docunent 1, one surface of a |ens optical
surface i s$nkanuteith §y arheocpastcawl| dungs aes hodyn @ndiotlhkl of hert sunfraceai s
formed by the machi ning process. According to the nethod disclosed in the
pat ent dogusente®, shoide surfreaswdfitbe ltehs opiscalmsudfiace areHodnmed by
t he cast nol ding net hod, and the support part is shaped by punching
processi ngncllaskss priocessepg, odnd iclid ¢ hdngeke raRatmantte dbelinentn cdme Japanese
Pat ent Laid Open Publication No. 1988-91230 Patent docunent 2: Japanese
Pat ent LaldtEpennkubdilcavienry No.si892- 284258 intraocular lens; and
polymerizing and molding the monomer. As a method
utilizing the cast molding method, for example, methods
disclosed in patent document 1 and patent document 2 are
known.
(0005)

According to the method disclosed in the patent
document 1, one surface of a lens optical surface 1is
formed by the cast molding method, and the other surface
is formed by the machining process. According to the
method disclosed in the patent document 2, both surfaces
of the lens optical surface are formed by the cast molding
method, and the support part is shaped by punching
processing, laser processing, and cutting, etc.

Patent document 1: Japanese Patent Laid Open Publication
No.1988-91230

Patent document 2: Japanese Patent Laid Open Publication

No.1992-284258

Disclosure of the Invention

Problem to be solved by the Invention



Di scl osure of the Invention Problemto be solved by the Invention (0006)
However, according to the aforenentioned race cutting nethod, the optical
surface of the intraocul ar | ens conposed of the soft material needs to be
formed by nechanical cutting (race cutting), and for this purpose, a

wor kpi ece is cooled and hardened to a glass transition tenperature or |ess.
This involves a conplicated step and nmakes it difficult to nanage the
wor kpi ece, and further requires polishing for renoving cutting marks. In
recent yeams,odéenses such as an aspherical lens and a refractive |ens
requiring extremely high degree of optical design have been devel oped.
However, when suehed dens d&fdirHes Polticshicmg e ophtaali susdaceater med
wi th high accuracy is destroyed by polishing, and generally it becones

di fficultctewexhybhétaodesigies optiicall paif orrenee. ti thet raidtwdl gase that
powders generated during processing are stuck to the optical part, such a
cutting poweler dsmpasely denmpred seven by tkud 1 ngepals st NBeWdCimé g
frequently used in manufacturing I1O.. (0007) Meanwhi | e, the nethod

utilizingbyhenataseneidionad- €agly mpkdickg cstprief@r ablendn o poidh i ghat
there is no problemgiven in the aforenentioned race cutting nethod.
However, pOrpocase Hfwbheptaste nbkdic® Ined hodd partdentar ky ian gl £ase of a
| oop type in which the support
transition temperature or less. This involves a
complicated step and makes it difficult to manage the
workpiece, and further requires polishing for removing
cutting marks. In recent years, lenses such as an
aspherical lens and a refractive lens requiring
extremely high degree of optical design have been
developed. However, when such a lens requires polishing,
the optical surface formed with high accuracy 1is
destroyed by polishing, and generally it becomes
difficult to exhibit a desired optical performance.
Further, 1in a <case that powders generated during
processing are stuck to the optical part, such a cutting
powder is hardly removed even by tumbling polishing which
is frequently used in manufacturing IOL.
(0007)
Meanwhile, the method utilizing the aforementioned
cast molding is preferable in a point that there is no
problem given in the aforementioned race cutting method.

However, in a case of the cast molding method,

particularly in a case of a loop type in which the support



part is narrow and thin, there is a problemthat deformation occurs due to
contraction during polynerization of the nononer, or a problemthat a
desired shape and size of a lens are hardly obtained. Further, even when
the cast nolding nethod is utilized, the cutting process is needed i nnost
cases in a process of a final product. In this case, there is also a
problemthat the cutting powder is stuck to the optical part as described
above. In order to solve the above-described problens, the present

i nvent i onpiax-tpr d\d ded,ravd aandbjElcl nef the rpr edent ai npentd losmi sthetprovi de
an intraocul ar | ens manufacturing nethod capable of elimnating a

possi bi | i By fafrsétekinng afcthescut tivrg poawder oondustcigener at et dinigng
processi ng, and capabl e of stably manufacturing the intraocular |ens having
a desiredpadouiacy zatt iaor ebodt | veky honwoaest, Means frmrobbokw nghttte probl em
(0008) First means for solving the above-described problens is a
manuf act udenrd med hod apfe amdnt izaocut as Lemss conpr heinmgl wnobptaicad dpar t
having a front optical surface and a rear optical surface that constitute
front andrnearhety faces vhea ltérs;czand o sdppar tnggaredpt evuded iomedn out er
peri pheral part of the optical part for supporting the optical part in an
eye, the cuwherredpaocnslsd is usediedhaivm ngoah opbecalimpar protels ag part
for form ng a menber becom ng the optical part by nolding, and a support
part nol dofAgs [arra f grrédunitng & mmehbier checonmitige t el suppoe ta parctb bym

nol di ng, wherein the front optical surface and the rear optical surface can
be directthascbtaiened:tbyingl diongidhel opstoak mol dibg qaricadndahe sspport
part can be obtained by applying a additional machining to the nmenber

obt ai ned dyspwolidied,above. 1In order to solve the above-described

problems, the present invention 1is provided, and an
object of the present invention is to provide an
intraocular lens manufacturing method capable of
eliminating a possibility of sticking of the cutting
powder or dust generated during processing, and capable
of stably manufacturing the intraocular lens having a

desired accuracy at a relatively low cost.

Means for solving the problem

(0008)

First means for solving the above-described
problems is amanufacturing method of an intraocular lens
comprising an optical part having a front optical surface
and a rear optical surface that constitute front and rear
surfaces of a lens; and a support part provided on an
outer peripheral part of the optical part for supporting

the optical part in an eye,



t he nethod conprising the steps of: injecting a raw material of an
int raocul ar lens into the nold, then polynerizing or hardening the raw
material, then machi ni ng the nmenber becom ng the support part into a

shape of the support part in a state that at |east the front opti cal
surface and the rear optical surface in the polynerized or hardened nenbers
are covered with the optical part nolding part of the nold, and rel easing
the optical part nolding part fromthe nold. Second neans is the
manuf act uri ng nmetkace ofi thend btir aosuliaed ensaadeny dang dwt tba If isattmeans,
wherein the support part nolding part of the nold has a sectional face wth
a shape ohmcd coNPl phed Kuppoférpamty id mathbby Besentivgakhfeaes t nekudi ng an
optical axis of the optical part, and with an arbitrary shape if viewed
part by molding, and a support part molding part for
forming a member becoming the support part by molding,
wherein the front optical surface and the rear optical
surface can be directly obtained by molding the optical
molding part, and the support part can be obtained by
applying a additional machining to the member obtained
by molding,
the method comprising the steps of:
injecting a rawmaterial of an intraocular lens into
the mold, then polymerizing or hardening the rawmaterial,
then
machining the member becoming the support part into
a shape of the support part in a state that at least the
front optical surface and the rear optical surface in
the polymerized or hardened members are covered with the
optical part molding part of the mold, and
releasing the optical part molding part from the
mold.

Second means 1is the manufacturing method of the
intraocular lens according to the first means,

wherein the support part molding part of the mold
has a sectional face with a shape of a completed support
part if cut by a sectional face including an optical axis

of the optical part, andwith an arbitrary shape if viewed



fromthe optical axis direction, and machining by the support part nol ding
part is applied to the nenber becom ng the support part so that the shape
of the menber becom ng the support part viewed fromthe optical axis
direction corresponds to the shape of the conpleted support part.
Third neans is the manufacturing nethod of the intraocular |ens according
to the first or the second neans, wherein a raw material of the intraocul ar
lens is injected into the nold, which is then polynerized or hardened, and
in a staté&ndmattpel ypericed exikardliened tnenber sneximstch hinhotch khetapt i cal
part nolding part and the support part nolding part of the nold, the
menber s asepyacht ngoh togetdiediwgt hobhe ndkd st hatl the sthiape mnémelaed from
the optical axis direction in the nenber becom ng the optical part and the
menber bebemangihbetisappop b opar b acdr ses porzds tihe sheshape die thembenpl et ed
i ntraocul ar | ens. Fourth neans is the manufacturing nethod of the
i ntraocul eedeensnactbedismppgorangaare wafevhd firrrgd tloe tbprd aelhnsxiwher ei n
the nold has an upper nold and a | ower nold, the nmethod conprising the
steps of:directionjecitngsplerdawtmat ehealsédpthes f nithancobarp lensdi nt o
the nold, then polynerizing or hardening the raw material; then

support part.

Third means is the manufacturing method of the
intraocular lens according to the first or the second
means, wherein a raw material of the intraocular lens
is injected into the mold, which is then polymerized or
hardened, and in a state that polymerized or hardened
members exist in both the optical part molding part and
the support part molding part of the mold, the members
are machined together with the mold so that the shape
viewed from the optical axis direction in the member
becoming the optical part and the member becoming the
support part corresponds to the shape of the completed
intraocular lens.

Fourth means is the manufacturing method of the
intraocular lens according to any one of the first to
third means, wherein the mold has an upper mold and a
lower mold,

the method comprising the steps of:

injecting the raw material of the intraocular lens
into the mold, then polymerizing or hardening the raw

material; then



machi ni ng the nenber becom ng the optical part and/or the nenber becom ng
the support part together with the nold in a state that the nenbers exi st
bet ween the upper nold and the | ower nold, so that the shape viewed from
the optical axis direction corresponds to a conpl eted shape, wherein
in the machining step, machining is applied to the nold with the nenbers
existing inside in such a manner as digging into one of the upper nold and
the lower nold of the nold fromthe optical axis direction along a virtual

contour line thakcparntityonshsontchidie t he shapenyi eved foomithe apaikeal axis
direction corresponds to the conpleted shape to a depth of passing through

one of thanwldls tandrictnide preseshbad dapt huph oiriiepatriiet oy h e @Wes t an
entire circunference of the contour |ine. Fifth neans is the

manuf act uehrg et odn o Ehe tatt@eeukare hensb aeeordiingt t beame anet he t he
first to fourth neans, wherein the intraocular lens is a soft intraocul ar

| ens. upped xdl dreans tset hewamnufiattyr sg tmetthoachof shhe d ntirewed! ar
| ens according to any one of the first to fifth neans, wherein the nold is

conposed o6fopl astHe r@sthcal axisSewentbcreans icothespamdactuoi ng net hod
of the intraocular |lens according to the sixth neans, wherein the plastic
resin is pohyaleefédd s@SIgy, pol yethyl ene resin, or pol ypropyl ene resin.
wherein in the machining step, machining is applied
to the mold with the members existing inside in such a
manner as digging into one of the upper mold and the lower
mold of the mold from the optical axis direction along
a virtual contour line that partitions so that the shape
viewed from the optical axis direction corresponds to
the completed shape to a depth of passing through one
of the molds and to a prescribed depth of the other mold,
over an entire circumference of the contour line.

Fifth means 1s the manufacturing method of the
intraocular lens according to any one of the first to
fourth means, wherein the intraoccular lens is a soft
intraocular lens.

Sixth means is the manufacturing method of the
intraocular lens according to any one of the first to
fifth means, wherein the mold is composed of plastic
resin.

Seventh means 1s the manufacturing method of the

intraocular lens according to the sixth means, wherein

the plastic resin is polyolefin resin, polyethylene



Ei ghth neans is the manufacturing nmethod of the intraocul ar |ens according
to the sixth nmeans, wherein a glass transition tenperature of a materi al
conposing the soft intraocular lens is |ess than 35C. Ninth nmeans is
t he manuf acturing method of the intraocular |ens according to the sixth
means, wherein a material conposing the soft intraocular lens is a pol yner
of acrylic nononer. Tenth nmeans is the manufacturing nethod of the
i ntraocul ar | ens according to the sixth neans, wherein a treatnent for

i npar ti ngradhes,) verspreengd hob ltdres materiiral conposi ng the optical part is
previously applied to an inner surface of the nold nade of plastic resin.
El event h neans Esghhté maaahactius i ngenetduod fafe el not meodubdr dfenshe
according to the tenth neans, wherein in the treatnment for inparting
adhesi ve sthrengiduiert hematercalkdiany acsi vieel Bghtt,h whe £hshashdise éni ssi on
peak at 150-300 nm wavel ength range and has a function that deconposes an
oxygen npéeglke ¢ d genet atie rozosepamnd tdeconpbsesmttie zohec bopgenen gt e
active oxygen species, is previously irradiated to the first pol yner under
exi stencetht exyfEeninAdeaniaderofldhe Levanis onthGO0GEH C.

Ninth means 1s the manufacturing method of the
intraocular lens according to the sixth means, wherein
a material composing the soft intraocular lens 1s a
polymer of acrylic monomer.

Tenth means 1s the manufacturing method of the
intraocular lens according to the sixth means, wherein
a treatment for imparting adhesive strength to the
material composing the optical part 1is previously
applied to an inner surface of the mold made of plastic
resin.

Eleventh means is the manufacturing method of the
intraocular lens according to the tenth means, wherein
in the treatment for imparting adhesive strength to the
material, an active light, which has its emission peak
at 150-300 nm wavelength range and has a function that
decomposes an oxygen molecule to generate ozone and
decomposes the ozone to generate active oxygen species,

is previously irradiated to the first polymer under

existence of oxygen.

Advantage of the Invention



According to the above-descri bed neans, an intraocular | ens can be

manuf actured, by which the possibility that cutting powder or dust
generated during machining can be elimnated and in addition, the

i ntraocul ar | ens having a desired accuracy can be stably manufactured at a
relatively I ow cost, by selecting a material. Best Mde for carrying out
the I nvention (0010) FIG 1 is a view show ng an intraocul ar |ens
manuf actured by a manufacturing nmethod of the intraocular |ens according to
an enbodi memto ®f the present invention, wherein FIG 1(a) is a plan view,
FIG 1(b) is a side view FIG 2 is a view showng a nold used for the

manuf act uri ng nethed ofnghe dotrapeul abbens caccor dbeg t omaanetbodarent of
the present invention, erein FIG 2(a) is a cross-sectional view show ng

a state that avuppar Mokdsandaa | pvermanhdaaren separ ab ed 1 ogheacheot her,
and FIG 2(b) is a cross-sectional view showing a state that the upper nold

and the | pwersiml Ui aket aarnected i@ racde otherdu st agshatre tafd kri ngngol ded,
and FIG 2 (c) isaplan view. First, the int raocul ar |ens manufactured by

t he manufaatwrimgn get bed obet heliiniiaeceldar dens according itan f hethe

enbodi nent of the present invention and the nold used for the

manuf act ui hng aet hod rof ehhenhbRtirapeuldars 1 a8 accatrdiang dam tthe sardiodiynent  of
the present invention will be described hereafter, with reference to FIG 1
and FIG Ran(@kI)ured at a relatively low cost, by selecting a

material.

Best Mode for carrying out the Invention
(0010)

FIG. 1 1is a view showing an intraocular lens
manufactured by a manufacturing method of the
intraocular lens according to an embodiment of the
present invention, wherein FIG. 1(a) is a plan view, FIG.
1(b) is a side view. FIG. 2 is a view showing a mold used
for the manufacturing method of the intraocular lens
according to an embodiment of the present invention,
wherein FIG. 2(a) 1s a cross-sectional view showing a
state that an upper mold and a lower mold are separated
from each other, and FIG. 2(b) is a cross—-sectional view
showing a state that the upper mold and the lower mold
are connected to each other in a state of being molded,
and FIG. 2(c) is aplanview. First, the intraocular lens
manufactured by the manufacturing method of the

intraocular lens according to the embodiment of the

10



As shown in FIG 1, an intraocular |lens 10 manufactured by the
manuf acturing nmethod of the intraocular |ens according to the enbodi nent of
the present invention has an optical part 11, and two support parts 12a and
12b provided on an outer peripheral part of the optical part 11 so as to
support the optical part 11 in an eye. The optical part 11 has a front
optical surface ha and a rear optical surface Ilb constituting front and
rear surfaces of a lens. Note that the intraocular |lens 10 is obtained by
nol di ng ap R EXiiMRE &hY 13 ndh 860t Hepb dad: peadust die Wi chrbhe opthgal part
11 is fornmed in a central part and a support part precursor nenber 12 (a
part showpehy, ot bEneche FliGtA4a)rh1dei nheasnerkero #@i Aed idb ancaanul ar
shape and a nenber beconm ng a support part is forned in its peripheral
part, andepRAH Magtt Be SUPPOpt Rt PLBGURSOToMenhen e i aekhisi wobded
product into shapes of the support parts 12a and 12b by machi ni ng such as
cutting. £@QLYrart herr@srehewrdde Ft6 2.c A mokédlOOrgsea for
manuf acturing the intraocular |ens according to the enbodi ment of the
present inpgention has an upper nold 20 and a |ower nold 30. As shown in
FIG 2(a), the upper nold 20 has a front optical surface nolding part 21
for formng a fxentsepiincali ssurifiace ha, i nahheiapticatupanrt 1k the
i ntraocular |lens 10, a support part nolding part 22 for nol di ng nenbers
becom ng hhgusuppos tepar tsy 12anand mkdbu £ and v fd @ngeepardd 23p fheitige a
menber for partitioning these nolding parts. The lower nold 30 has a rear
optical surtacedwlding past aFledpaiher mag the eamopiinahtsustacehei b in
the optical part 11 of the intraocular |ens 10, a support part nolding part
32 for nobdépegnenbersnbecamag dhesuppart ppard $1}2anandwb2bppandra fl ange
receiving part 33 for receiving the flange part 23 of the upper nold 20.
Furt her, g@AeReN LS N0l LbOp raivri dedt bhatiror umay rapea ieh pravi ged; t whi ch
is ordinarily used in a cast nolding nmethod. (0013) As shown in FIG
2(b), whenf ttiee uppet caml ¢ 20 and 4 bea s onersopbd 130 tdre cphhectleg ot each
other, so that the flange part 23 of the upper nold 20 is fitted into a
fl ange recei vhngnpante 32 Diet Betliowel pekd 30 imaa st dtreorof opldiawl t he
upper nold 20 and the | ower nold 30, spaces are forned between the upper
nmol d 20 andrfhecl over amd d 3k adhept iasdng sufhcspadés com spacetfiorgred in
the central part becones an optical nolding part 101, and

front and rear surfaces of a lens. Note that the

intraocular lens 10 1is obtained by molding an
approximately a discoid molded product in which the
optical part 11 is formed in a central part and a support
part precursor member 12 (a part shown by dot line in
FIG. 1(a)), being a member formed in an annular shape
and a member becoming a support part is formed in its
peripheral part, and machining the support part
precursor member 12 in this molded product into shapes
of the support parts 12a and 12b by machining such as
cutting.

(0012)

Further, as shown in FIG. 2, a mold 100 used for

11



a space formed in its periphery becones a support part nolding part 102.
Thus, for exanple, the approxi mtely discoid nolding product can be nol ded,
in which the optical part 11 is formed in the central part and the annul ar
support part precursor nenber 12 is fornmed in its peripheral part, by
supplying the raw material to the lower nold 30 for nolding, and connecting
the upper nold 22 to the I ower nold 30. (0014) A cuttable plastic
resin nmold is used as the upper nold 20 and the | ower nold 30. However, it
i s preferablreitoacuse ipl@astihe r esitit Jwavibhg rexcehkerndcsolrdentig r esi stamrce

whi ch does not generate deformation of a lens nmaterial due to a raw

mat eri al emmeRIimeand goartheubard e @t pahywrert zahi o sC ot aiipere trade 1 af
pol yol efin resin such as pol yet hyl ene and pol ypropyl ene is preferable.
Further, adhesidva sbtwengidolidpmerii gstsieavnenh FoOG.i agant,) nthadheseve
strength to the lens material polynerized in the nold nmay be previously
appl i ed tmoan i2tnéra sved | £ pbntthe ppliasd i cs nesiac arol @l d Onigng Aot appr Opti at e
adhesive strength inparting treatnment, separation between the | ens naterial
obt ai ned &abtrerirpplynerodzat ber iarwl t herdvlodk damne ben prieveoped,cand arcel i abl e
transfer of the inner surface shape of the nold is realized, and in

addi ti on adhesi vehst Lengtdo bef weeri dhe Léns aredeppalrtandke themdlding
enhanced and peeling of f and protrusion of the lens material fromthe

nol d duripgrraeld rfiow cahdie prmevented. bEhecmadhesitve stupngtrit ipgoat 5i ng
treatnment is not particularly limted, provided that the adhesion to the
pol yneri zedal emsi nb2kri alnd sa efhameed, pand 20, examploe,a anenbwentfonal |y
known t echni que and apparatus such as frame treatnment, prinmer treatnent,

ul travi oleé rradiiatn bngt t basremb,1 dintg ep @ct si.call hsurdfeacer trehtin®bthaet c, can
be used. As the shape of the optical surface (front optical surface 1lla,
rear optizaesurdracecidlby uprioag eedd bdinkgepimieB Istiofrade rofin e nod ar
spherical, aspherical, toric, bifocal, multifocal, and further refractive,
diffractioetietd, surffaces canbbe i vére Hopievea ]l tthershapé offt hehepti cal
surface is not particularly limted, provided that it is effective as an
opti cal destgaoccfultde lansaddul ar slugnse randaaltsocalrd bagepastiape dfothe nol d
is not particularly limted, provide that it is a suitable shape for

manuf act el d{0QlBembers becoming the support parts 12a and 12b,

and a flange receiving part 33 for receiving the flange
part 23 of the upper mold 20. Further, monomer reservoir
or ailr ventilation may also be provided, which 1is
ordinarily used 1in a cast molding method.

(0013)

As shown in FIG. 2(b), when the upper mold 20 and
the lower mold 30 are connected to each other, so that
the flange part 23 of the upper mold 20 is fitted into
a flange receiving part 32 of the lower mold 30 in a state
of molding the upper mold 20 and the lower mold 30, spaces
are formed between the upper mold 20 and the lower mold
30. Then, among such spaces, a space formed in the

central part becomes an optical molding part 101, and

12



FIG 3 to FIG 9 are views for explaining the manufacturing nethod of the
intraocul ar I ens according to enbodi nents of the present invention. The
manuf acturi ng nmet hod of the intraocular |ens according to the enbodi nent of
the present invention will be described hereafter, with reference to the
draw ngs. (0016) FIG 3 is a viewshowng a state of injecting and
nol ding the raw material into the nold 100. As shown in FIG 3, raw

mat eri al nononer 50 of the lens material are injected into the upper nold
20 by a rawspater i@l hohestorn 40 dseephkGy Hdddmks d hemppbe d guert ol d 30
is assenbled thereinto and a lid'is put thereon (see FIG 3 (b) ) . The raw

nmaterial goRenely ¢fa the hens RLer, aousathhgle,i $hrROk $keulaard yy
limted, provide that it 1s publicly-known nonomer, and publicly-known

ther mal p@u@%fiidzaﬁb%iirmgt batery @nd ghot polyeerizgt i on iwhikat arheetc,
can be used as polynerization initiators. Further, in order to give a W
absor bi ng, pewer; 1t ;4 he aht ai nedoi-pldcRock| ahel efsn ©F agoll i Ngainta, H10&
exanpl e, a polynerizing ultraviolet ray absorber and a pol yneri zi ng

I
pi gnent, gfgu16an deoysed %ﬁ@pglrmrggﬁpmemr (@0KA formed iMext,
the raw material nononer nol ded by the upper nold 20 and the | ower nold 30

i s pol ymeyizedein ghese 1mpldst , Asya sTRipDd iefy pody meeizatd oar ibar texanpl e,
a nmet hod of heating and polynerizing the raw naterial nononer can be given,
wher ei n a # enpgnature 1 Jnct e€ased1griadualdyd ot oaartd tiwystyiel npper
tenperature range of 25 to 120C and pol yneri zation is conpleted in several

hours to severalb tienstpk hawsr huntcheso.for exanple, a nmethod of

per form ng photopol yneri zati on can be given, wherein polyl nerization is
perfornmed dyi1uyradiating the nonomer with Iight beamw th a wave | ength
determ ned in accordance with absorption of activity of a photo initiator

such as ultravizoleittay1er pvissithl € téghh. mbwd hey ,udod exatrpkeppidere is a
met hod of perform ng polynerization in conbination of the nmethod of heating

and pol ymesiding dhe grmnareie ango t He3 oret hadwefveef fotnMagpreferable
phot opol yneri zation. At this tinme, atnosphere in a tank or a chanber for

pol yneri zad iuene b3 a2t itnré benah avspheea ofliaeartt sgayesuch asiatgome
At nospheric air or pressurized state nay al so be allowed for

pol yreri zafi ®R. ddBWS nox i S66ired Haolgeres ri i sofiovfied, lkavs ngathe icpt i cal
part 11 in the central part with the front optical surface ha and the rear
optical suwdaee | kb taenmedathkerein, medohaw ng arhe $upportudartl pr ecur sor
material 12 formed in its circunference.
polymerization container made of polyolefin resin such
as polyethylene and polypropylene 1is preferable.
Further, adhesive strength imparting treatment for
imparting adhesive strength to the lens material
polymerized in the mold may be previously applied to an
inner wall of the plastic resin mold. Owing to
appropriate adhesive strength imparting treatment,
separation between the lens material obtained after
polymerization and the mold can be prevented, and a
reliable transfer of the inner surface shape of the mold

is realized, and in addition adhesive strength between

the lens material and the mold is enhanced and peeling
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(0018) Next, the discoid polyner 12 thus obtained is subjected to
machining into a | ens shape by nechanically cutting process, by not taking
out fromthe nold 100 but in a state of being pinched between the upper
nold 20 and the lower nold 30, nanely together with the nold 100 (see FIG
4 to FIG 6). Here, FIG 4 is a cross-sectional view showi ng a state that
the discoid polynmer 12 is fixed to a fixing jig 60 and is nmachi ned by an
endm || 70 together with the nold 100, FIG 5 is a perspective view

showi ng aoStatend hptrotthe:r si sa0bd pHyNEEnk? nst subpdactEtoho techmal ag by
the endm || 70 together with the nold 100, and FIG 6 is a view showing a
state thatiutrhehgli seetdipalnyercd? isSesupjresieatt &a.mchi nengalyhddhevendm ||
70 together with the nold 100 wherein FIG 6(a) is a cross-sectional view
and FIG 6thlerdsta ipparview t(@AENent is ndAspahawncubaklls 14, miduedng
machi ning, the endm |l 70 that nmachines the | ens shape digs into the | ower
nmol d 30 i Aravitetdd nidtga €i racd | erited s Aodept b ofhsl ight yefrdraa dg laeski t

t hereon, so as to pass through the upper nold 20 and the polyner 12, and
not to passtihricught § henh anere dylah BE o Acevadpigl,y 2 duwrngntachiali hg, upper
and | ower surfaces of the polyner 12 are set in a state of being covered

W th the bdnl@®chhugurakimy dpppossidd estohpaevéntamaeheseannefnia, cutti ng
powder or dust generated during machining, to the front optical surface 12a
and t he reaimept itcad a smehace ull2bra (0028t radiation treatment, and

electrical surface treatment, etc, can be used. As the
shape of the optical surface (front optical surface 1lla,
rear optical surface 1lb) providéd on the inner surface
of the mold, spherical, aspherical, toric, bifocal,
multifocal, and further refractive, diffractive, etc,
surfaces can be given. However, the shape of the optical
surface is not particularly limited, provided that it
is effective as an optical design of the intraocular lens,
and also an outer shape of the mold is not particularly
limited, provide that 1t 1s a suitable shape for
manufacture.

(0015)

FIG. 3 to FIG. 9 are views for explaining the
manufacturing method of the intraocular lens according
to embodiments of the present invention. The
manufacturing method of the intraocular lens according
to the embodiment of the present invention will be
described hereafter, with reference to the drawings.

(0016)

14



When a thickness of the nold 100 is relatively large, the thickness of at
| east either one of the upper nold 20 and the lower nold 30 of the nold 100
may be machined to be thin (to the degree of not reaching the polyner 12
pi nched between the upper and |ower nolds 20, 30) by a lathe, etc, prior to
| ens shape machi ning. As a nmechanical cutting process, a nethod that is
ordinarily perforned by a skilled person is adopted. However, ordinarily, a
fol dabl e soft intraocular lens material is soft at a nornal tenperature,
and therefore, when suchs a lensymeheniialgi s bandley omchh nedtding awdmal
tenperature, it can be nolded into a desired intraocul ar | ens shape by
cool i ng apd 1GUtdd NGha@ €QPOhY A1 Furihes, tie¥efola aotase Ahathdhe Lans
mat eri al does not have hardness sufficient to be gripped by a cutting
machi ne, alrtchough rthe mter i all hbselrde £a80 her mechant cal hy teuti by £oel i ng
and cutting, it can be nmachined w thout applying conplicated pre-treatnent,
etc, by pohyresrd&dnt ¢ he ety @t ndl &0 plyasti£wnod dethatl car dvec gri pped
by the cutting machine and nachining it together with the nold. (0021)
After thesdi seeicd rpat yneral? ,i s memchi medl by etrheceindim 0 | 1 ¥0a segetdieedwi t h
the nold 100, cut pieces of the upper nold 20 and the |ower nold 30 are
renoved anHetrle rithd raaud aritens 4ottt bak rlkasm wdes gohe . nachi)ni ng Tiset aken
out. FIG 7 is a view showing a state that a cut piece 25 after the discoid
pol yner 12aivsmamcht ned hyridiee endfi khe7/Q drogethee niidh thedmbled-el0Ds i s
separated and renoved, wherein FIG 7 (a) is a plan viewand FIG 7 (b) is
a cross-secti onahreiiew1&kGy 8 ildna tvée@w showbrgde st dtheat hatithe is
intraocular lens 10 is peeled off fromthe lower nold 30 together with a
cut piecepBlafdier-thewdi seairtbpekrymeant? imsilbthilyekrbywhheterdmdl 70
together with the nold 100, wherein FIG 8 (a) is a view show ng the
peel ed i do agaklrarz4ensnl0, iand FAGor8 (lb)nd s pleobspodauie nnak tview of the
| ower nold 30 after the intraocular lens 10 is peeled off.

initiator, etc, can be used as polymerization initiators.

Further, in order to give a UV absorbing power to the
obtained intraocular lens or coloring it, for example,
a polymerizing ultravioclet ray absorber and a
polymerizing pigment, etc, can be used as copolymer
components.

(0017)

Next, the raw material monomer molded by the upper
mold 20 and the lower mold 30 is polymerized in these
molds. As a method of polymerization, for example, a
method of heating and polymerizing the raw material
monomer can be given, wherein a temperature is increased
gradually or continuously in a temperature range of 25
to 120°C and polymerization is completed in several hours
to several tens of hours. Further, for example, a method

of performing photopolymerization can be given, wherein
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(0022) As shown in FIG 7, the cut piece 25 formng a part of the
upper nold 30 is renoved, and next, as shown in FIG 8, the cut piece 24
formng a part of the upper nold 30 is peeled off fromthe intraocular |ens
10, and subsequently, the intraocular lens 10 is peeled off fromthe | ower
nold 30. As a nethod of peeling off the intraocular Iens 10 fromthe upper
nold 20, etc, a lens nay be peeled off by physically directly gripping it.
However, one surface of the lens is exposed by renoving the cut piece of
the nol d geverimgrthe diens,i antk t hereafd ery the 48] dt (hewehsralach Q¢ rWi th
the Il ens yet stuck thereto may be mechanically pressed fromthe side with

no lens syuck thergte. Jous, hen eas gawde ltakenhoude vietrmolit e Bei Dg
damaged. (0023) FIG 9 is a view showi ng an exanple of a method of

peel i ng okt dheidnteaosukar hers spucknt oottheakeweri vl dbB80,a Wietets FI G
9(a) is a view showing a state that the lower nold 30 is fixed to a fixing
jig 80 w thithe i ®traacsh and ens +1Qfaced tdovepars; and itdiee | aweyhaol d 30
is pressed downward by a pressing rod 90 fromthe rear side, and FIG 9(b)
is a viewshewd, arstrateecdhal et ha Hat&aoculaamée ensdl® 1 sppedloath0fi§y. Thus,
by the nethod shown in FIG 9, the intraocular |lens 10 can be taken out

W t hout bgbagrianbgedi ot irhicohmbiadiohSoef taet mesiodcoadl hihke: 1egs

together with the nold and harden the | ens noderately, for inproving the

rel ease ofntiheol ¢ne rfiromh theh S0l dh 0f8@24hd the method of performing
photopolymerization. At this time, atmosphere in a tank
or a chamber for polymerization is set in the atmosphere
of inert gas such as argon. Atmospheric air or
pressurized state may also be allowed for polymerization.
Thus, a discoid polymer 12 is formed, having the optical
part 11 in the central part with the front optical surface
11a and the rear optical surface 11b formed therein, and
having the support part precursor material 12 formed in

its circumference.

(0018)

Next, the discoid polymer 12 thus obtained is
subjected to machining into a lens shape by mechanically
cutting process, by not taking out from the mold 100 but
in a state of being pinched between the upper mold 20
and the lower mold 30, namely together with the mold 100
(see FIG. 4 to FIG. 6). Here, FIG. 4 is a cross-sectional
view showing a state that the discoid polymer 12 is fixed
to a fixing jig 60 and is machined by an endmill 70

together with the mold 100, FIG. 5 is a perspective view
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Further, when the cut piece of the nold covering the lens is renoved, only
the nold cut piece is peeled off fromthe lens and the lens is stuck to one
of the upper and lower nolds. In order to secure this state, one of the
nolds to which the lens is supposed to be stuck, maybe strongly treated
before injecting the raw material nononer, even when adhesive strength
inparting treatnment is applied only to one of the nolds of upper and | ower
nolds to which the lens is stuck, or the adhesive strength inparting
treat ment sihgappk i £¢ H0: Hot hauppRe and doverpdyder Faribesubijtedsedl so
preferable to use a nethod of peeling off the lens fromthe nold by putting
It into wabemfh aheakolpsocRs tadie svelibed ddet e, whiechusaet heolans can
be taken out w thout being danaged. In the obtained intraocular |ens 10, an
advanced opbi cahdesicanchavi g, i ghseestinacy, swethk thhd threnisurd hae
transferred thereto, is given to the optical surface, and the optical
surface hgs1RemLHt] pongdes udys st dadberet-h i henet &y Whehehsingener aoed
during shape machining. Thus the intraocular lens 10 is a conpl eted product
with no pebigshimgrrequinedtnhd0025)d 100 wheteteaf FeG.i segshowniexaapl es of
manuf acturing the intraocular Iens 10 by the manufacturing nethod descri bed
in the af grereid Onedoeriody nent su.ndHoneger 6 tihe psesentlanveritdwn i s not
limted thereto. O course as the nold, etc, used in the exanples given
hereafterophe)af orementi oned nold 100 is used. <Exanple 1> 65
pts.wt. of 2-phenyl ethyl acrylate, 30 pts.w. of 2-pheyl ethyl
met hacryl ate, A2 phewwt irofrhwt abedialr idiarythtieiasy a thesshidaki hy
nmononer, and 0.3 pts.w. of 2,2"azobis (isobutyronitrile) as a
pol yneri zadi ©Ratnhbicatiore s weli € peepaseddean da ganpheot tbe, lwlwiech et @ t hen
stirred sufficiently, to thereby obtain a honogeneous nononer m xed
sol uti on.3JThHen & xedhseliut g e mastiinjreeted dew ohong slet gbt lyppermandg | ower
pol ypropyl ene nol ds having the optical surface on the inner surface, and
pol yneri zats bhtwas eperdofy ned kB & oppesstreh polygiertitzrerupasedmeni @ 20
predeterm ned tenperature programin a nitrogen atnosphere under pressure
of 0. 2MPaandNantky,pd hgmbenper at ane wast | tor pased UproaB0C fier 130varr nut es
froma roomtenperature, the m xed solution was held for 12 hours,

mold 30. Accordingly, during machining, upper and lower

surfaces of the polymer 12 are set in a state of being
covered with the mold 100, thus making it possible to
prevent adhesion of a cutting powder or dust generated
during machining, to the front optical surface l2Za and
the rear optical surface 12b.

(0020)

When a thickness of themold 100 is relatively large,
the thickness of at least either one of the upper mold
20 and the lower mold 30 of the mold 100 may be machined
to be thin (to the degree of not reaching the polymer
12 pinched between the upper and lower molds 20, 30) by
a lathe, etc, prior to lens shape machining. As a

‘mechanical cutting process, a method that is ordinarily
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the tenperature was increased up to 100C for 300m nutes, then the
tenperature was continuously increased up to 120 for 60 m nutes, and the
m xed solution was held for 2 hours, and the tenperature was decreased.
Thus, the soft intraocular lens nmaterial was polynerized. (0026)

Next, the obtained polynmer was cut out into a | ens shape by nechani cal
mlling, wthout taking it out fromthe nold but in a state of being

pi nched between the nolds. At this time, the endm Il digs into the nold so

as to pa8§etrffrd3&9@d_t%uepegkﬂ%dw%gr@@% the palypeedand Relvewe PASS
t hrough the lower side nold, at a depth of formng a slight slit, and

machi ni ng,was peff opmed Wil gasplayd g aigeda @il set 1ains 206+ i addi tion,
before | ens shape nachining, the upper side nold was nachined to be thin in

a machi ni ng gdirection nQfride eodpilla yrdisidgd a et BEo %0, ahdwtsdenr each
t he polyner. (0027) After | ens shape machining, the cut piece of the

nol d coveging.one smfaces0f the |gagqwas neadMeded N Stichaa RIS 1t hat
one surface is exposed and one surface is in a state of being stuck to the

nol d. Thefgablkeratthe,! epscwasHBUlol Red haftld genakarr aid cophed ata 20C
together with the nold, to thereby slightly harden the | ens. Subsequently,

the mold wehB thepleps ¥ebistiugkaddenet 0inyas depgbanineat |y puessed-from the
side with the
even in a case that the lens material does not have
hardness sufficient to be gripped by a cutting machine,
although the material itself can be mechanically cut by
cooling and cutting, it can be machined without applying
complicated pre-treatment, etc, by polymerizing the
material in the plastic mold that can be gripped by the
cutting machine and machining it together with the mold.
(0021)

After the discoid polymer 12 is machined by the
endmill 70 together with the mold 100, cut pieces of the
upper mold 20 and the lower mold 30 are removed and the
intraocular lens 10 that has undergone machining is taken
out. FIG. 7 is a view showing a state that a cut piece
25 after the discoid polymer 12 is machined by the endmill
70 together with the mold 100, is separated and removed,
wherein FIG. 7(a) is a plan view and FIG. 7(b) is a
cross-sectional view. FIG. 8 is a view showing a state
that the intraocular lens 10 is peeled off from the lower

mold 30 together with a cut piece 24 after the discoid

polymer 12 is machined by the endmill 70 together with
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| ens not stuck thereto, to thereby renpove the lens fromthe nold. No
adhesi on of the cut powder or dust generated during shape nachini ng, was
recogni zed in the obtained |l ens, and the soft intraocular |lens requiring no
pol i shing, and having the optical surface with the nold inner surface
transferred thereto, was obtai ned. (0028) <Exanple 2> In the sane
way as the exanple 1 other than a point that the adhesive strength
inmparting treatnment was previously applied to the inner surface of one of

t he upper tanrd hower 19et,s whepeliypropyl esg awl ds used dw shewexagiptkel (the
nmol d becoming the |ower side of the endm 1 1 during |ens shape machi ni ng)

for 10 segenrdssdn {heraidcbyathe 1leay pressuranmer cury. | asp()pr otlsiced by SEN
LI GHTS CORPORATI ON " OPTI CAL SURFACE TREATMENT APPARATUS PL16-110"), the

soft intraeadsrskens omsl obtiaiwmed s Wiea tiheseut npilege3of 4heemol dheovering
one surface of the lens was renoved after |ens shape machining, only the

mol d cut pheee saslpeelleth of fof rampbelkensstand the lens was in a state of
bei ng surely stuck to the other nold to which the adhesive strength

i mparting(poest)rent was applied. No adhesion of the cut powder or dust
generated during shape nmachining was recogni zed in the obtained | ens, and
the soft intraogsl @nolens nhazing 7,he toptdwalp seckacé fo rwhied 4 hea nol d

i nner surface was transferred, and requiring no polishing could be

obt ai ned. 0 (0022) Exanphe 13> 30 is rkmctved saaerdwaye:as, the exanpheid ot her
than a point that the nononmer m xed sol ution was used as the raw materi al

whi ch hadraccoaposhti enal priatde® 2f f2rpiagwk. pett2epghehy uetdedt nackgll ate, 3

pts.w. of nmethyl nethacrylate, 5 pts.wt. of trifluoro ethyl
30 is peeled off from the intraocular lens 10, and
subsequently, the intraocular lens 10 is peeled off from
the lower mold 30. As a method of peeling off the
intraocular lens 10 from the upper mold 20, etc, a lens
may be peeled off by physically directly gripping it.
However, one surface of the lens is exposed by removing
the cut piece of the mold covering the 1lens, and
thereafter the mold (lower mold 30) with the lens yet
stuck thereto may be mechanically pressed from the side
with no lens stuck thereto. Thus, the lens can be taken

out without being damaged.

(0023)

FIG. 9 is a view showing an example of a method of
peeling off the intraocular lens stuck to the lower mold
30, wherein FIG. 9(a) is a view showing a state that the
lower mold 30 is fixed to a fixing Jjig 80 with the
intraocular lens 10 faced downward, and the lower mold

30 is pressed downward by a pressing rod 90 from the rear
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nmet hacryl ate, 20pts.w.of 1 , 4-bis (2-hydroxyethoxy) phenylacrylate, 4.5
pts.wt. of neopentyl glycol diacrylate as a cross-1linking nononer, 1.5
pts.w.of 2- (2-hydroxy-3-tert-butyl-5-nmethyl phenyl) -5- ( 2

-met hacryl oyl oxyethyl ) benz ot ri a z ole as a

UV- absor bi ngconponent, 0. 03pts. wt . of

4- (5- hydr oxy- 3-net hyl - | - phenyl- 4- pyrazol yl

nmet hyl ene) - 3- net hacryl am no- | - phenyl- 2- pyrazoline-5- on as a yell ow
coloring canponentd and 0.3(PIsiwt a4 ofi &v2snawabis {isohubyronitrthe) as a
pol ynerization initiator, the soft intraocular |Iens was obtained. No

adhesi on efy tthe, Ut apowdsls or p dusty generpiet durtngs$hape ciec kit hggwas
recogni zed in the obtained |l ens, and the soft int raocular |ens having the

optical sunrfage 19 whicch ¢ herhrl d 4 hngh csurd Aceewas 1to anshepled; 2 RBE
requiring no polishing could be obtained. (0030) <Exanple 4>
out without being damaged. At this time, it is effective
to cool the lens together with the mold and harden the
lens moderately, for improving the release of the lens

from the mold.

(0024)

Further, when the cut piece of the mold covering
the lens 1s removed, only the mold cut piece is peeled
off from the lens and the lens 1s stuck to one of the
upper and lower molds. In order to secure this state,
one of the molds to which the lens is supposed to be stuck,
may be strongly treated before injecting the rawmaterial
monomer, even when adhesive strength imparting treatment
is applied only to one of the molds of upper and lower
molds to which the lens is stuck, or the adhesive strength
imparting treatment is applied to both upper and lower
molds. Further, it is also preferable to use a method
of peeling off the lens from the mold by putting it into
water or alcohol so as to be swelled therein, because
the lens can be taken out without being damaged. In the
obtained intraocular lens 10, an advanced optical design
having high accuracy, with mold inner surface
transferred thereto, is given to the optical surface,

and the optical surface has no cut powder or dust adhered
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In the same way as the exanple 2 other than a point that the nonomer m xed
solution was used as the raw material, which had a conpositional ratio of
56 pts.wt. of 2-phenyl ethyl nmethacrylate, 35 pts.wt. of n-butyl acrylate,
90 pts.wt. of 2-[2-(perfluorooctyl)ethoxy]-1-nmethylethyl nethacrylate, 3
pts.w. of ethylene glycol dinethacrylate as the cross-I|inking nononer, 0.3
pts.wt. of 2,2'-azobis (isobutyronitrile) as a polynerization initiator,
the soft intraocular | ens was obtained. No adhesion of the cut powder or

dust genekatat: €8] i Rgh SBAPEL sraghidd gt was decogri zedabe thecoltraimgd | ens,
and the soft intraocular |ens having the optical surface to which the nold

i nner surfrace wWase tirsi eenedr anch ¢ equiird By cePd t sHi pgocoid € wet h
obt ai ned. (0031) <Conparative exanple 1> The soft intraocul ar |ens

mat eri al was gl ysBinzed-égutihe same way as the exanple 1, and thereafter
t he upper and | ower nolds were disassenbl ed, then one surface of the

di scoi d pobymey) was exposed, and the other surface was set in a state of
bei ng stuck to the nold. Then, the endm || digs into the nold so as to pass
t hrough the upper ¢ deamaldl andshherpelkaies 1 aad Aetart of pass: £ hn gughet he

| ower side nold, at a depth of formng a slight slit on the nold, and
machi ni nginas spesfoared IwWhide $Praying daheoolmaaiwfset wati n@0Cmearndoihe
pol ymer was cut out into a | ens shape by nmechanical mlling. After |ens
shape nachébicng,bddeihebsenwas odmé nt aomefd ieges atlameands cooledever,
the present invention is not limited thereto. Of course
as the mold, etc, used in the examples given hereafter,
the aforementioned mold 100 is used.
<Example 1>
65 pts.wt. of 2-phenyl ethyl acrylate, 30 pts.wt.
of 2-pheyl ethyl methacrylate, 3.2 pts.wt. of butanediol
diacrylate as a crosslinking monomer, and 0.3 pts.wt.
of 2,2"azobis (isobutyronitrile) as a polymerization
initiator, were prepared in a sample tube, which were
then stirred sufficiently, to thereby obtain a
homogeneous monomer mixed solution. The mixed solution
was injected 1into one set of upper and lower
polypropylene molds having the optical surface on the
inner surface, and polymerization was performed in a
pressure polymerizer based on a predetermined
temperature program 1in a nitrogen atmosphere under
pressure of 0.2MPa. Namely, the temperature was

increased up to 50°C for 30 minutes from a room

temperature, the mixed solution was held for 12 hours,
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at 10C together with the nold, in a state that one surface was stuck to the
nold, to thereby slightly harden the | ens. Subsequently, the nold to which
the | ens was yet stuck, was nechanically pressed fromthe side with no |ens
stuck thereto, to thereby take out the lens fromthe nold. In the obtained
|l ens, a |l ot of cut powders or dusts generated during nmachining were adhered
to the surface exposed during shape machining, and the I ens of an
acceptabl e level in outer appearance test could not be obtained. Further,

subsequentlyy, t%kmwgupglwgelmc\e@%saeqpupeéotpo@h@ bt ajnedilansekor 72
hours, by using glass beads with particle dianmeter of 0.8mm However, the

adhered cut, HOVWRE S reat L Hot rhe (eoat shelih U eIeYed.i { HPS3 ) esCanpat ative
exanpl e 2> After the soft intraocular lens material was polynerized

in the safg 0wy 085 cohgiexanpLe 3ndt Bﬁesaf ted Dty @ogukiam hans pasqopsai ned in
the sane way as the conmparative example 1. In the obtained lens, a iot of

cut powdepsnef xSt $ndenelatet gk bre MBGhi Bi Bg cwey£sadher ethdo, theesurface
exposed during shape nmachining, and the | ens of an acceptable l'evel in

outer appgarancentesbcoW 8 neh denpbtaiinad.wIyr bharymsubseqguent |y,
tunbl i ng polishing was applied to the obtained I ens for 72 hours, by using
gl ass beadsowid)h particle dianmeter of 0.8mm However, the adhered cut
powders could not be conpletely renmoved. (0033) <Comparative exanple. 3>
After the soft makraoeulealbd©NsnBEt pobilaimavasy Pl yoer bzed iint ¢ he sanme way as
t he exanple 4, the soft intraocular |ens was obtained in the sane way as

t he conpaghphibeepexaieadi cbn whe obhai ned drenst ©@a kah ofi tcutu paiens or
dusts generated during nachining were adhered to the surface exposed during

shape machhsingl dangt: tiheal €nstef cdambatagpt ahbadevelt viae wuttes madpear ance
test could not be obtained. Further, subsequently, tunbling polishing was
appl i ed tottheichbtiaimed lens é06mid hotit §s hyhtusi b eglraskd beads v t &
particle dianmeter of 0.8mm However, the adhered cut powders could not be
conpl et elya g enmoned.udmnditsé rigbeApplideabidlid yand the polymer and not

to pass through the lower side mold, at a depth of forming

a slight slit, andmachining was performed while spraying

a cool air set at -20°C. In addition, before lens shape

machining, the upper side mold was machined to be thin

in a machining direction of the endmill by using a lathe,

so as not to reach the polymer.

(0027)

After lens shape machining, the cut piece of the
mold covering one surface of the lens was removed, in
such a manner that one surface is exposed and one surface
is in a state of being stuck to the mold. Thereafter,
the lens was put in a refrigerator and cooled at 10°C
together with the mold, to thereby slightly harden the

lens. Subsequently, the mold with the lens yet stuck

thereto, was mechanically pressed from the side with the
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(0034) The present invention can be utilized for manufacturing an
I ntraocular lens inserted into an eye, instead of a crystalline |ens which
is removed when the crystalline lens is getting cloudy due to a cataract,
etc. Brief description of the draw ngs (0035) FIG 1 is a view
showi ng an intraocul ar | ens manufactured by a manufacturing nmethod of the
I ntraocul ar | ens according to an enbodi nent of the present invention,
wherein FIG 1(a) is a plan view and FIG 1(b) is a side view
lens not stuck thereto, to thereby remove the lens from
themold. No adhesion of the cut powder or dust generated
during shape machining, was recognized in the obtained
lens, and the soft intraocular 1lens requiring no
polishing, and having the optical surface with the mold
inner surface transferred thereto, was obtained.
(0028) <Example 2>
In the same way as the example 1 other than a point
that the adhesive strength imparting treatment was
previously applied to the inner surface of one of the
upper and lower sets of polypropylene molds used in the
example 1 (themold becoming the lower side of the endmill
during lens shape machining) for 10 seconds in the air
by the low pressure mercury lamp (produced by SEN LIGHTS
CORPORATION “"OPTICAL SURFACE TREATMENT APPARATUS
PLL16-110”), the soft intraocular lens was obtained.
When the cut piece of the mold covering one surface of
the lens was removed after lens shape machining, only
the mold cut piece was peeled off from the lens, and the
lens was in a state of being surely stuck to the other
mold to which the adhesive strength imparting treatment
was applied. No adhesion of the cut powder or dust
generated during shape machining was recognized in the
obtained lens, and the soft intraocular lens having the

optical surface to which the mold inner surface was

transferred, and requiring no polishing could be
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FIG 2 is a viewshowng a nold used for the manufacturing nmethod of the
intraocul ar | ens according to the enbodi nent of the present invention,
wherein FIG 2(a) is a cross-sectional view showing a state that an upper
nold and a | ower nold are separated fromeach other, and FIG 2(b) is a
cross-sectional view show ng a state that the upper nold and the | ower nold
are connected to each other in a state of being nolded, and FIG 2(c) is a
pl an vi ew. FIG 3 is a viewshowing a state that a raw material is

injected pLptg A, 48l d 100 and nol ding is perforned. FIG 4is a
cross-sectional view show ng a state that a discoid polyner 12 is fixed to

a fixing ji a LS Jmechiged by an endm || 70 together with the nold
100. (O%ZG%I Ggﬁga?n a p%?specti ve view showing a state that the discoid

pol ymer 12 is maghipedshyd he enrdmdde W dpgether o whih ey ¢ 08t

FIG 6 is a view showing a state after the discoid polyner 12 is nmachined

by the endpild Rt ogetbge Mt hxthe Jw] d:100, whereaide &l Gs 6{ak isan

cross-sectional view and FIG 6(b) is a plan view FIG 7 is a view show ng

a state that a4t , PkE¢@h had a compositional ratio of 72 pts.wt.
of 2-phenyl ethyl acrylate, 3 pts.wt. of methyl
methacrylate, 5 pts.wt. of trifluoro ethyl
methacrylate, 20 pts.wt. of
1,4-bis(2-hydroxyethoxy)phenylacrylate, 4.5 pts.wt. of
neopentyl glycol diacrylate as a cross—-linking monomer,
1.5 pts.wt. of 2-(2-hydroxy-3-tert-butyl-5-methyl
phenyl)-5-(2-methacryloyloxyethyl) benzotriazole as a
UV-absorbing component, 0.03 pts.wt. of
4-(5-hydroxy-3-methyl-l-phenyl-4-pyrazolyl
methylene)-3-methacrylamino-l-phenyl-2-pyrazoline-5-
on as a yellow coloring component, and 0.3 pts.wt. of
2,2"-azobils (isobutyronitrile) as a polymerization
initiator, the soft intraocular lens was obtained. No
adhesion of the cut powder or dust generated during shape
machining was recognized in the obtained lens, and the
soft intraocular lens having the optical surface to which
the mold inner surface was transferred, and requiring
no polishing could be obtained.
(0030) <Example 4>

In the same way as the example 2 other than a point

that the monomer mixed solution was used as the raw
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25 is renoved after the discoid polyner 12 is machined by the endm Il 70
together with the mold 100, wherein FIG 7 (a) isaplan view and FIG 7 (b)
i s across-sectional view. FIG 8 is a view showing a state that an
intraocular lens 10 is peeled off froma lower nold 30 after the discoid
polynmer 12 is machined by the endm || 70 together with the nold 100,
wherein FIG 8(a) is a view showi ng the peeled intraocular Iens 10 and FI G
8(b) is a cross-sectional view of the ower nold 30 after the intraocul ar

lens 10 i pesledi offnich had Bl Gorhdsid\Wrm showi Bgo@nsexarp evef a
met hod of peeling the intraocular |ens stuck to the lower mold 30, wherein

FI G 9(a)oifsZa@/kil&‘(v%zih%WHBQlamért?‘ltaecfﬁﬁbttehe35) £ smald, 39¢i s -fjueegito the

fixing jig 80 wth the intraocular |lens 10 faced downward, and the | ower

mol d 30 i g.prassed downward by agpressing rod 90sfwemthe rear sider and
FIG 9(b) is"a view showing a state that the intraocular lens 10 is peeled

of f. Desc LEQi_qgegffﬁgggﬁ%%#\p%gmlxsy](_@g@tggllntraocul ar | erscHOpti cal
part ha Froht optical surfac I b Rear "optical Surface
methacrylate, 3 pts.wt. of ethylene glycol
dimethacrylate as the cross-linking monomer, 0.3 pts.wt.
of 2,2’ -azobis (isobutyronitrile) as a polymerization
initiator, the soft intraocular lens was obtained. No
adhesion of the cut powder or dust generated during shape
machining was recognized in the obtained lens, and the
soft intraocular lens having the optical surface to which
the mold inner surface was transferred, and requiring

no polishing could be obtained.

(0031) <Comparative example 1>

The soft intraocular lens material was polymerized
in the same way as the example 1, and thereafter the upper
and lower molds were disassembled, then one surface of
the discoid polymer was exposed, and the other surface
was set in a state of being stuck to the mold. Then, the
endmill digs into the mold so as to pass through the upper
side mold and the polymer and not to pass through the
lower side mold, at a depth of forming a slight slit on
the mold, and machining was performed while spraying a
cool air set at -20°C, and the polymer was cut out into
a lens shape by mechanical milling. After lens shape

machining, the lens was put in a refrigerator and cooled

25



12Support part precursor nmenber 12a, 12bSupport part 20Upper nol d 30Lower
nmol d 100 Mol d

at 10°C together with themold, in a state that one surface
was stuck to the mold, to thereby slightly harden the
lens. Subsequently, the mold to which the lens was yet
stuck, was mechanically pressed from the side with no
lens stuck thereto, to thereby take out the lens from
the mold. In the obtained lens, a lot of cut powders or
dusts generated during machining were adhered to the
surface exposed during shape machining, and the lens of
an acceptable level in outer appearance test could not
be obtained. Further, subsequently, tumbling polishing
was applied to the obtained lens for 72 hours, by using
glass beads with particle diameter of 0.8mm. However,
the adhered cut powders could not be completely removed.
(0032) <Comparative example 2>

After the soft intraocular lens material was
polymerized in the same way as the example 3, the soft
intraocular lens was obtained in the same way as the
comparative example 1. In the obtained lens, a lot of
cut powders or dusts generated during machining were
adhered to the surface exposed during shape machining,
and the lens of an acceptable level in outer appearance
test could not be obtained. Further, subsequently,
tumbling polishing was applied to the obtained lens for
72 hours, by using glass beads with particle diameter

of 0.8mm. However, the adhered cut powders could not be

completely removed.
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Cl ai nms 1. A manufacturing nethod of an intraocular |ens conprising
an optical part having a front optical surface and a rear optical surface
that constitute front and rear surfaces of a lens; and a support part

provi ded on an outer peripheral part of the optical part for supporting the
optical part in an eye, wherein a nold is used, having an optical
part nolding part for form ng a nmenber becomi ng the optical part by
nol di ng, and a support part nolding part for form ng a nenber becom ng the
support party Py) meEdiRg - yhegei nitdg front optical surface and the rear
optical surface can be directly obtained by nolding the nenber becom ng the

optical part ushmpgeihetopti clrparinfpkdidig partlienand hhe esupPOrtwpart can
be obtai ned by applying an additional nachining to the nmenber becom ng the

support pabti M £hzkst abf aimeds Bneneldl ngs ushBgekhensuppert tpar tsepkdi ng

part, the nmethod conprising the steps of: injecting a raw materi a
of an intihaqElcalakenseh st @ adhespebdnddennpalnareskriengy oy Bar deneng t he
raw material, then machi ni ng the nmenber becom ng the support part

into a shapafrdheveupprdppart .i n1a siad eobbatinatd | pask ,t ke faond fopti cal
surface and the rear optical surface in the polynerized or hardened nenbers
are covergdtwigdwdbes3br dusts generated during machining were
adhered to the surface exposed during shape machining,
and the lens of an acceptable level in outer appearance
test could not be obtained. Further, subsequently,
tumbling polishing was applied to the obtained lens for
72 hours, by using glass beads with particle diameter

of 0.8mm. However, the adhered cut powders could not be

completely removed.

Industrial Applicability
(0034)

The present invention can be utilized for
manufacturing an intraocular lens inserted into an eye,
instead of a crystalline lens which is removed when the
crystalline lens i1s getting cloudy due to a cataract,

etc.

Brief description of the drawings

(0035)

FIG. 1 is a view showing an intraocular lens

manufactured by a manufacturing method of the
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optical part nolding part of the nold, releasing the optical part nolding
part fromthe nold, wherein the nold has an upper nold and a | ower
nol d, and the nmethod conprises the steps of: i njecting the raw
material of the intraocular lens into the nold, then polynerizing or
hardening the raw material; then machi ni ng the nmenber becom ng the
optical part and/or the nenber becom ng the support part together wth the
nold in a state that the nmenbers exist between the upper nold and the | ower

{fg;déofrgl g?g&ﬁg%g?i}pelgh%\ﬂegc%%itﬁ& opd i gal axish dlikeati oprcorresponds
present invention, wherein FIG. 1(a) is a plan view and
FIG. 1(b) is a side view.

FIG. 2 is a view showing a mold used for the
manufacturing method of the intraocular lens according
to the embodiment of the present invention, wherein FIG.
2(a) is a cross-sectional view showing a state that an
upper mold and a lower mold are separated from each other,
and FIG. 2(b) is a cross-sectional view showing a state
that the upper mold and the lower mold are connected to
each other in a state of being molded, and FIG. 2 (c) is
a plan view.

FIG. 3 is a view showing a state that a raw material
is injected into a mold 100 and molding is performed.

FIG. 4 is a cross-sectional view showing a state
that a discoid polymer 12 is fixed to a fixing jig 60
and is machined by an endmill 70 together with the mold
100.

FIG. 5 is a perspective view showing a state that
the discoid polymer 12 is machined by the endmill 70
together with the mold 100.

FIG. 6 is a view showing a state after the discoid
polymer 12 is machined by the endmill 70 together with
the mold 100, wherein FIG. 6(a) is a cross-sectional view
and FIG. 6(b) 1s a plan view.

FIG. 7 is a view showing a state that a cut piece
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wherein in the machining step, machining is applied to the nold with the
menbers existing inside in such a manner as digging into one of the upper
nold and the |ower nold of the nold at a prescribed groove width fromthe
optical axis direction along a virtual contour line that partitions so that
the shape viewed fromthe optical axis direction corresponds to the
conpl eted shape, to a depth of passing through one of the nolds and to a
prescri bed depth of the other nold, over an entire circunference of the
contour |bmre42.rhevEBNUfRAC Hring aetshadi @f pbhemait repcukamalensned
according to claim1, wherein the support part nolding part of the
nol d has gysectd onalinfiace Wt hoghape 0fitad codl gbed sUPPor tvhparé ihf cut
by a sectlonal face including an optical axis of the optical part, and with
an arbitrary shape i§ yewed firamithlerept.i tab)axks dideacsd + 8¢ tansh amchi ni ng
by the support part nolding part is applied to the nenber becom ng the
support partyso that the shape of the nenber becom ng the support part
viewed fromthe optical axis direction corresponds to the shape of the
conpl eted supportcpagtis a view showhegnadact whag arthedrabo duear
intraocular lens according to claiml or 2, wherein a raw material of the
intraocul aenkensy i gsi pjeact d ioHO £hemmd dl owkirChmd 5dt fen pokymreriized or
hardened, and in a state that polynerized or hardened nmenbers exist in both
the opti cal sparitd pRl1djhgr paz ti anthdhensdpport hpastdmlldi 19 pactetaiethe
nol d, the nmenbers are nmachined together with the nold so that the shape
vi ened frpmthheneptiend agios dineceion FIG 1 he (agnmier decdawnghtdwel opt i cal
part and the nmenber becom ng the support part corresponds to the shape of
the conplethed geatéraadcufar deenSular lens 410Thendanbfact ugi(pg méshod of the
i ntraocul ar | ens according to any one of clains 1 to 3, wherein the
cross-sectional view of the lower mold 30 after the

intraocular lens 10 is peeled off.

FIG. 9 is a view showing an example of a method of
peeling the intraocular lens stuck to the lower mold 30,
wherein FIG. 9(a) is a view showing a state that the lower
mold 30 is fixed to the fixing jig 80 with the intraocular
lens 10 faced downward, and the lower mold 30 is pressed
downward by a pressing rod 90 from the rear side, and
FIG. 9(b) is a view showing a state that the intraocular

lens 10 is peeled off.

Description of Signs and Numerals
(0036)

10 Intraocular lens

11 Optical part

lla Front optical surface

11b Rear optical surface
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33 intraocular lens is a soft intraocular |ens. 5. The

manuf acturing nmethod of the int raocular |ens according to any one of
claims 1 to 4, wherein the nold is conposed of plastic resin. 6.
The manufacturing nmethod of the int raocul ar Iens according to claimb5,
wherein the plastic resin is polyolefin resin, polyethylene resin, or

pol ypropyl ene resin. 7. The manufacturing nmethod of the int raocu
ar lens according to claim4, wherein a glass transition tenperature of a
mat eri al gomposkng ddie: spEt-+i Hraogukar, lebapks | ess than 35C 8

The manuf acturing nethod of the int raocul ar |ens according to claim®,

wherei n aipaterial, cogpEsing thersoft intraocular lens is a polymer of
acrylic nmonomer.

20 Upper mold
30 Lower mold

100 Mold
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9. The manufacturing nethod of the int raocul ar lens according to claimb5,
wherein a treatnent for inparting adhesive strength to the materi al
conposing the optical part is previously applied to an inner surface of the
nol d made of plastic resin. 10. The manufacturing met hod of the
intraocul ar lens according to claim9, wherein in the treatnent for

i nparting adhesive strength to the material, an active light, which has its
em ssion peak at 150-300 nm wavel ength range and has a function that
deconpose§ @i vkygen nol ecul e to generate ozone and deconposes the ozone to
generate active_oxygen species, is previously irradiated to the first

pol ymer under e%psﬁemﬁp@fagiyg@ﬁn;n@thod of an intraocular lens

comprising an optical part having a front optical surface
and a rear optical surface that constitute front and rear
surfaces of a lens; and a support part provided on an
outer peripheral part of the optical part for supporting
the optical part in an eye,

wherein a mold is used, having an optical part
molding part for forming a member becoming the optical
part by molding, and a support part molding part for
forming a member becoming the support part by molding,
wherein the front optical surface and the rear optical
surface can be directly obtained by molding the member
becoming the optical part using the optical part molding
part, and the support part can be obtained by applying
an additional machining to the member becoming the
support part which is obtained by molding using the
support part molding part,

the method comprising the steps of:

injecting a rawmaterial of an intraocular lens into
themold, then polymerizing or hardening the raw material,
then

machining the member becoming the support part into
a shape of the support part in a state that at least the
front optical surface and the rear optical surface in

the polymerized or hardened members are covered with the
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optical part molding part of the mold,

releasing the optical part molding part from the
mold,

wherein the mold has an upper mold and a lower mold,
and the method comprises the steps of:

injecting the raw material of the intraocular lens
into the mold, then polymerizing or hardening the raw
material; then

machining the member becoming the optical part
and/or the member becoming the support part together with
the mold in a state that the members exist between the
upper mold and the lower mold, so that the shape viewed
from the optical axis direction <corresponds to a
completed shape,
wherein in the machining step, machining is applied to
the mold with the members existing inside in such a manner
as digging into one of the upper mold and the lower mold
of the mold at a prescribed groove width from the optical
axis direction along a wvirtual contour line that
partitions so that the shape viewed from the optical axis
direction corresponds to the completed shape, to a depth
of passing through one of the molds and to a prescribed
depth of the other mold, over an entire circumference

of the contour line.

2. The manufacturing method of the intraocular lens
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according to claim 1,

wherein the support part molding part of the mold
has a sectional face with a shape of a completed support
part if cut by a sectional face including an optical axis
of the optical part, andwith an arbitrary shape if viewed
from the optical axis direction, and machining by the
support part molding part is applied to the member
becoming the support part so that the shape of the member
becoming the support part viewed from the optical axis
direction corresponds to the shape of the completed

support part.

3. The manufacturing method of the intraocular lens
according to claim 1 or 2, wherein a raw material of the
intraocular lens is injected into the mold, which is then
polymerized or hardened, and in a state that polymerized
or hardened members exist in both the optical part
molding part and the support part molding part of the
mold, the members are machined together with the mold
so that the shape viewed from the optical axis direction
in the member becoming the optical part and the member
becoming the support part corresponds to the shape of

the completed intraocular lens.

4. The manufacturing method of the intraocular lens

according to any one of claims 1 to 3, wherein the
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intraocular lens is a soft intraocular lens.

5. The manufacturing method of the intraocular lens
according to any one of claims 1 to 4, wherein the mold

is composed of plastic resin.

6. The manufacturing method of the intraocular lens
according to claim 5, wherein the plastic resin 1is
polyolefin resin, polyethylene resin, or polypropylene

resin.

7. The manufacturing method of the intraocular lens
according to «claim 4, wherein a glass transition
temperature of a material composing the soft intraocular

lens is less than 35°C.

8. The manufacturing method of the intraocular lens
according to claim 6, wherein a material composing the

soft intraocular lens is a polymer of acrylic monomer.

9. The manufacturing method of the intraocular lens
according to claim 5, wherein a treatment for imparting
adhesive strength to the material composing the optical
part is previously applied to an inner surface of the

mold made of plastic resin.
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10. The manufacturing method of the intraocular
lens according to claim 9, wherein in the treatment for
imparting adhesive strength to the material, an active
light, which has its emission peak at 150-300 nm
wavelength range and has a function that decomposes an
oxygen molecule to generate ozone and decomposes the
ozone to generate active oxygen species, is previously
irradiated to the first polymer under existence of

oxygen.
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