
MANUFACTURING METHOD OF INTRAOCULAR LENS Technical Field (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 is 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  and a support part are
composed of different kind of materials, and a type that the optical part
and the support part are composed of the same material. The  intraocular
lens of the type that the optical part and the support part are composed of
the different kind of material, is generally constituted 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
polymethylmethacrylate, 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
method includes the steps of: applying mechanical machining process to an
intraocular lens material including an optical surface; and molding it into
a desired shape. Meanwhile, the cast molding method includes the steps of:
injecting a raw material monomer into a mold having a shape of an
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 is 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  (0006)
However, according to the aforementioned race cutting method, the optical
surface of the intraocular lens composed of the soft material needs to be
formed by mechanical cutting (race cutting), and for this purpose, a
workpiece is cooled and hardened to a glass 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 is destroyed by polishing, and generally it becomes
difficult to exhibit a desired optical performance. Further, in 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 problem that deformation occurs due to
contraction during polymerization of the monomer, or a problem that a
desired shape and size of a lens are hardly obtained. Further, even when
the cast molding method is utilized, the cutting process is needed inmost
cases in a process of a final product. In this case, there is also a
problem that the cutting powder is stuck to the optical part as described
above. In order to solve the above-described problems, the present
invention is 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 a
manufacturing method of an int raocular 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 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 raw material of an
int raocul ar lens into the mold, 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 optical part molding part of the mold, and releasing
the optical part molding part from the mold.        Second means is 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, and with 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.
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  



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 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 is the
manufacturing method of the intraocular lens according to any one of the
first to fourth means, wherein the intraocular 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 is the manufacturing method
of the intraocular lens according to the sixth means, wherein the plastic
resin is polyolefin resin, polyethylene  resin, or polypropylene resin. 



Eighth means is the manufacturing method of the intraocular lens according
to the sixth means, wherein a glass transition temperature of a material
composing the soft intraocular lens is less than 35C.        Ninth means is
the manufacturing method of the intraocular lens according to the sixth
means, wherein a material composing the soft intraocular lens is a polymer
of acrylic monomer.        Tenth means is 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 is
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  (0009) 



According to the above-described means, an intraocular lens can be
manufactured, by which the possibility that cutting powder or dust
generated during machining can be eliminated and in addition, the
intraocular lens having a desired accuracy can be stably manufactured at a
relatively low cost, by selecting a material. Best Mode for carrying out
the Invention (0010)        FIG. 1 is 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) 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) isaplan view. First, the int raocul ar lens manufactured by
the manufacturing method of the intraocular lens according to the
embodiment of the   present invention and the mold used for the
manufacturing method of the intraocular lens according to the embodiment of
the present invention will be described hereafter, with reference to FIG. 1
and FIG. 2. (0011) 



As shown in FIG. 1, an intraocular lens 10 manufactured by the
manufacturing method of the intraocular lens according to the embodiment 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 llb constituting front and
rear surfaces of a lens. Note that the intraocular lens 10 is 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
manufacturing the intraocular lens according to the embodiment of the
present invention has an upper mold 20 and a lower mold 30. As shown in
FIG. 2(a), the upper mold 20 has a front optical surface molding part 21
for forming a front optical surface ha in the optical part 11 of the
intraocular lens 10, a support part molding part 22 for molding members
becoming the support parts 12a and 12b, and a flange part 23, being a
member for partitioning these molding parts. The lower mold 30 has a rear
optical surface molding part 31 for forming a rear optical surface lib in
the optical part 11 of the intraocular lens 10, a support part molding part
32 for molding members 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 air ventilation may also be provided, which
is ordinarily used in 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 



a space formed in its periphery becomes a support part molding part 102.
Thus, for example, the approximately discoid molding product can be molded,
in which the optical part 11 is formed in the central part and the annular
support part precursor member 12 is formed in its peripheral part, by
supplying the raw material to the lower mold 30 for molding, and connecting
the upper mold 22 to the lower mold 30. (0014)        A cuttable plastic
resin mold is used as the upper mold 20 and the lower mold 30. However, it
is preferable to use plastic resin having excellent solvent resistance
which does not generate deformation of a lens material due to a raw
material monomer, and particularly a polymerization container made of
polyolefin resin such as polyethylene and polypropylene is 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   off and protrusion of the lens material from the
mold during machining can be prevented. The adhesive strength imparting
treatment is not particularly limited, provided that the adhesion to the
polymerized lens material is enhanced, and for example, a conventionally
known technique and apparatus such as frame treatment, primer treatment,
ultraviolet radiation treatment, and electrical surface treatment, etc, can
be used. As the shape of the optical surface (front optical surface 11a,
rear optical surface 11b) provided 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 it is 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)          FIG. 3 is a view showing a state of injecting and
molding the raw material into the mold 100. As shown in FIG. 3, raw
material monomer 50 of the lens material are injected into the upper mold
20 by a raw material injector 40 (see FIG. 3 (a) ) , then the lower mold 30
is assembled thereinto and a lid is put thereon (see FIG. 3 (b) ) . The raw
material monomer of the lens material used here is not particularly
limited, provide that it is publicly-known monomer, and publicly-known
thermal polymerization initiator and photopolymerization 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 ultraviolet 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 120C and polymerization is completed in several
hours to several tens of hours. Further, for example, a method of
performing photopolymerization can be given, wherein   polylmerization is
performed by irradiating the monomer with light beam with a wave length
determined in accordance with absorption of activity of a photo initiator
such as ultraviolet ray or visible light. Further, for example, there is a
method of performing polymerization in combination of the method of heating
and polymerizing the monomer and 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 ha and the rear
optical surface llb 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
showing a state that the discoid polymer 12 is subjected to machining by
the endmill 70 together with the mold 100, and FIG. 6 is a view showing a
state that the discoid polymer 12 is subjected to machining by the endmill
70 together with the mold 100 wherein FIG. 6(a) is a cross-sectional view
and FIG. 6(b) is a plan view. (0019)        As shown in FIG. 4, during
machining, the endmill 70 that machines the lens shape digs into the lower
mold 30 in a machining direction at a depth of slightly forming a slit
thereon, so as to pass through the upper mold 20 and the polymer 12, and
not to pass through the lower 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 12a
and the rear optical surface 12b. (0020) 



When a thickness of the mold 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  performed by a skilled person is adopted.However, ordinarily, a
foldable soft intraocular lens material is soft at a normal temperature,
and therefore, when such a lens material is hardly machined at a normal
temperature, it can be molded into a desired intraocular lens shape by
cooling and cutting a copolymer. Further, 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  the mold 100, wherein FIG. 8 (a) is a view showing the
peeled intraocular lens 10, and FIG. 8 (b) is a cross-sectional view of the
lower mold 30 after the intraocular lens 10 is peeled off. 



(0022)         As shown in FIG. 7, the cut piece 25 forming a part of the
upper mold 30 is removed, and next, as shown in FIG. 8, the cut piece 24
forming a part of the upper mold 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 lens, 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
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. Thus,
by the method shown in FIG. 9, the intraocular lens 10 can be taken 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 is removed, only
the mold cut piece is peeled off from the lens and the lens is 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, maybe strongly treated
before injecting the raw material 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  thereto, which is generated
during shape machining. Thus the intraocular lens 10 is a completed product
with no polishing required. (0025)           Hereafter is shown examples of
manufacturing the intraocular lens 10 by the manufacturing method described
in the aforementioned embodiments. However, 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-phey1 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 into 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 in a nitrogen atmosphere under pressure
of 0.2MPa. Namely, the temperature was increased up to 50C for 30 minutes
from a room temperature, the mixed solution was held for 12 hours, 



the temperature was increased up to 100C for 300minutes, then the
temperature was continuously increased up to 120 for 60 minutes, and the
mixed solution was held for 2 hours, and the temperature was decreased.
Thus, the soft intraocular lens material was polymerized. (0026)
Next, the obtained polymer was cut out into a lens shape by mechanical
milling, without taking it out from the mold but in a state of being
pinched between the molds. At this time, 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, and
machining was performed while spraying a cool air set at -20C. 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 10C
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  



lens not stuck thereto, to thereby remove the lens from the mold. No
adhesion of the cut powder or dust generated during shape machining, was
recognized in the obtained lens, and the soft intraocular lens 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 (the
mold becoming the lower side of the endmi 1 1 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 PL16-110"), 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
obtained. (0029) <Example 3>        In the same way as the example 1 other
than a point that the monomer mixed solution was used as the raw material,
which 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,20pts.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-buty1-5-methyl phenyl) -5- ( 2
-methacryloyloxyethyl ) benz ot ri a z ole as a
UV-absorbingcomponent,0.03pts.wt.of
4-(5-hydroxy-3-methyl-l-pheny1-4-pyrazoly1
methylene)-3-methacrylamino-l-pheny1-2-pyrazoline-5- on as a yellow
coloring component, and 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 int raocular 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  material, which had a compositional ratio of
56 pts.wt. of 2-phenyl ethyl methacrylate, 35 pts.wt. of n-butyl acrylate,
90 pts.wt. of 2-[2-(perfluorooctyl)ethoxy]-1-methylethyl  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 -20C, 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 



at 10C together with the mold, 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.  (0033) <Comparative example. 3>
After the soft intraocular lens material was polymerized in the same way as
the example 4, 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. 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 is 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
intraocular lens according to an embodiment of the 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) is a plan view. FIG. 7 is a view showing
a state that a cut piece  



25 is removed after the discoid polymer 12 is machined by the endmill 70
together with the mold 100, wherein FIG. 7 (a) isaplan view and FIG. 7 (b)
is across-sectional view.        FIG. 8 is a view showing a state that an
intraocular lens 10 is peeled off from a lower mold 30 after the discoid
polymer 12 is machined by the endmill 70 together with the mold 100,
wherein FIG. 8(a) is a view showing the peeled intraocular lens 10 and FIG.
8(b) is a 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) 10Intraocular lens 11Optical
part ha Front optical surface lib Rear optical surface 



12Support part precursor member 12a, 12bSupport part 20Upper mold 30Lower
mold 100 Mold  



Claims        1. A manufacturing 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,        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 raw material
of an int raocul ar lens into the mold, 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 31 



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
toa 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 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. 2. The manufacturing method of the intraocular lens
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, and with
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 



33  intraocular lens is a soft intraocular lens.        5. The
manufacturing method of the int raocular lens according to any one of
claims 1 to 4, wherein the mold is composed of plastic resin.         6.
The manufacturing method of the int raocul ar lens according to claim 5,
wherein the plastic resin is polyolefin resin, polyethylene resin, or
polypropylene resin.         7. The manufacturing method of the int raocul
a r lens according to claim 4, wherein a glass transition temperature of a
material composing the soft intraocular lens is less than 35C.         8.
The manufacturing method of the int raocul ar 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 int raocul ar 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.          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. 










