SI LI CONE HYDROGEL CONTACT LENSES AND METHODS OF MAKI NG SI LI CONE HYDROGEL
CONTACT LENSES Cross-Reference to Rel ated Applications [0001] The present
appl i cat iwo 2011214n23t he benefit of U.S. Provisional Appl PCattiseono8sisial No.
61/ 278,072, filed Cctober 1 , 2009, the disclosures of which is
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| enses, for exanple silicomephycEDoedNTRNT agENsBmses and net hods of
manuf acturi ng silicone hydrogel contact |enses. Background [0003] Silicone
hydr ogel contact | enses have becone an inportant tool in vision correction.
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Publ ileiré om 15 20087 €123956 di scl oses silicone hydrogel contact |enses in
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Field
[0002] The present invention relates to contact lenses and
methods of manufacturing contact lenses, for example silicone

hydrogel contact Ilenses and methods of manufacturing silicone

hydrogel contact lenses.

Background
[0003] Silicone hydrogel <contact lenses have become an
important tool in vision correction. A number of techniques

have been employed to produce silicone hydrogel contact lenses
with hydrophilic surfaces. For example, some silicone hydrogel
contact lenses are surface treated with plasma, some silicone
hydrogel contact lenses include a hydrophilic polymeric wetting
agent 1in the polymerizable composition used to produce the
gilicone hydrogel contact lenses, and some silicone hydrogel
contact lenses are cast in contact lens molds formed of a polar
resin.

[0004] Sharma et al U.S. Patent Application Publication US
2008/0143956 discloses silicone hydrogel contact lenses in which
a surface of the lens is wrinkled and includes raised ridges
extending upward from the lens surface. The wrinkled surface

provided on the posterior surface of the lens 1is said to



a surface of the lens is winkled and includes raised ridges extending
upward fromthe | ens surface. The winkl ed surface provided on the
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polymerization. Depending on the amount of swelling, the
modified surface layer, for example, the silicate layer, becomes
wrinkled to a wvarying degree. Polymerization of the
polymerizable swelling agent serves to stabilize the wrinkled
modified surface layer. This multi-step process, particularly
surface modification and stabilizing processing after lens
formation, is relatively complex and difficult to control, as
well as adding to the cost of manufacturing silicone hydrogel
contact lenses.

[0005] There continues to be a need for new contact lenses
having desirable properties, such as surface wettability, and
for new methods, for example, cost effective methods, of

manufacturing contact lenses with such desirable properties.

Summarz

[0006] New silicone hydrogel contact lenses and methods of
manufacturing silicone hydrogel contact lenses have Dbeen
discovered. The present silicone hydrogel contact lenses have
contact lens bodies with surfaces having novel surface

characteristics. Among other things, the anterior lens surface



manuf acturi ng contact |enses with such desirable properties. Summary [0006]
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[ 0008 nr Bsleli t sor@khcexargi® ok t hgueasert sihicase, hydhegelin  after
hydration in water or an agueous solution, at least one of the
anterior surface and the posterior surface of the lens body when
wet comprises a plurality of depressions with an average
diameter between about 150 nanometers and less than 1500
nanometers, and wherein the lens body has not been subjected to
a form of plasma treatment, the lens body is not treated with a
polymerizable swelling agent after the lens body is formed, or
both.
[0008] An additional example of the present silicone hydrogel
contact lenses comprises a non-plasma treated silicone hydrogel
lens body comprising an anterior surface and a posterior
surface, at least one of the surfaces comprising a plurality of
depressions, the density of depressions being from about 100
depressions per 900 square micrometers to about 1200 depressions
per 900 sguare micrometers.
[0009] In one embodiment, the plurality of depressions have an
average diameter between about 130 nanometers and less than
about 630 nanometers, or the plurality of depressions have an

average diameter between about 150 nanometers and less than

about 550 nanometers.



contact |enses conprises a non-plasnma treated silicone hydrogel |ens body

conprising an anterior surface and a posterior surface, at |east one of the
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an average surface roughness from about 5 nanoneters RVS to about
surface roughness of from about 5 nanometers RMS or about 7
nanometers RMS or about 10 nanometers RMS to about 20 nanometers
RMS or about 25 nanometers RMS or about 30 nanometers RMS.
Thus, the present silicone hydrogel contact lenses may have an
average surface roughness from about 5 nanometers RMS to about
30 nanometers RMS, from about 7 nanometers RMS to about 25
nanometers RMS or from about 10 nanometers RMS to about 20
nanometers RMS.
[0012] In one embodiment, the average density of the
depressions, meaning the average number of depressions per 900
square micrometergs of surface, on the at least one of the
anterior surface and the posterior surface of the lens body is
from about 5 or about 80 or about 100 or about 200 depressions
per 900 square micrometers of surface to about 1000 or about
1200 or about 1500 depressions per 900 square micrometers of
surface. Thus, the average density of the depressions on at
least one of the anterior surface and the posterior surface of
the lens body of the present contact lenses may be from about 5
depressions per 900 square micrometers of surface to about 1500

depreSsions per 900 square micrometers of surface, from about 80

depressions per 900 square micrometers of surface to about 1500



30 nanoneters RMS, from about 7 nanoneters RMS to about 25 nanoneters RMS
or fromabout 10 nanoneters RVS to about 20 nanoneters RVS. [0012] In one
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to be raised ridges. In short, the present lens bodies may be
free of raised ridges. Moreover, as noted above, the plurality
of depressions on the anterior surface, the posterior surface,
or both of the present lens bodies, together with other surface
characteristics of the present contact lenses, may provide a
degree of surface roughness. However, it has been found that
such surface roughness does not substantially adversely impact
the comfort of the lens wearer. In addition, it 1is understood
that the depressions present on the surface of the lens bodies
do not extend through the entire thickness of the lens body to
the other opposing surface, and therefore, the present
depressions are not pores extending through the lens bodies.
[0014] The ability of the present contact lenses to
substantially maintain the advancing contact angle and water
breakup times for a period of time, for example, of at least 12
hours after hydration, indicates that the beneficial surface
wettability properties of the lens bodies of the present contact
lenses remain for a substantial period of time or are

substantially 1long lasting or even substantially permanent,

rather than being a phenomenon that occurs only immediately



present |ens bodies are not, and cannot reasonably be considered to be
rai sed ridges. In short, the present |ens bodies my be free of raised
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at | east about 1 day or about 5 days or about 10 days or up to about 30

days W0lebnti ntbes 5. bodies of the present "silicone hydrogel
contact lensegs comprise units of at 1least one silicone-
containing monomer, gilicone-containing macromer, gsilicone-
containing prepolymer, or combinations thereof. The lens bodies
may comprise a hydrophilic gilicone-containing polymeric
material.
[0017] In certain embodiments, the lens bodies of the present
contact lenses include no hydrophilic polymeric internal wetting
agent physically entangled within the polymeric matrix of the
lens body. For example, no hydrophilic polymeric wetting agent
is included in the polymerizable composition which is cured to
form the lens body.
[0018] In one embodiment, the lens bodies of the present
contact lenses are fully or partially cured while in direct

contact with a contact lens mold comprising a non-polar

material. For example, and without limitation, the non-polar
material may comprise polypropylene, similar non-polar
materials, and mixtures thereof. In certain embodiments, the

present silicone hydrogel contact lenses are cast molded in a
contact lens mold assembly formed of a nucleated thermoplastic

polypropylene resin having



[ 0015] In one enbodinent, the I ens body is water swell able, for exanple,
having a swell factor of at |east about 20 percent. The equilibrium water
content (WOQo)r/mis28he | ens body may be at | east about 2Ppeaars2@i/ob@ast about
30% or at | east about 35%or at |east about 40% or at |east about 50% or
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[0019] The present contact lenses may have a lens body which
comprises a reaction product of a polymerizable composition
comprising reactive 1ingredients. The reactive ingredients
include: (1) at least one component selected from the group
consisting of silicone-containing monomers, silicone-containing
macromers, silicone-containing prepolymers and mixtures thereof;
(2) at least one hydrophilic monomer; and (3) at least one
crosslinking agent that crosslinks the reactive ingredients
during polymerization to form a polymeric lens body. In one
embodiment, the 1lens body is formed by a process comprising
polymerization of a polymerizable composition in the absence of
a diluent. In other words, the polymerizable composition is a
diluent-free polymerizable composition.

[0020] Silicone-containing monomers useful in the present
polymerizable compositions may have a molecular weight less than
700 Daltons. Silicone-containing macromers useful in the
present polymerizable compositions may have a molecular weight
from about 700 Daltons to about 2000 Daltons. Silicone-
containing prepolymers useful in the present polymerizable

compositions may have a molecular weight greater than 2000



pol ypropyl ene resin having(i) a nelt flow rate between about 15g/10 m n and
about 40 g/10 min, (ii) a density of about 0.900 g/cm 3, (iii) a linear
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strength of about 5600 psi, (v) a tensile elongation at yield of about
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exposing the surfaces to a form of plasma treatment. In another
embodiment, the lens bodies of the present contact lenses
include a surface layer having a different composition relative
to the remainder of the lens body, for example, a surface layer
formed by exposing the lens body to water or to an aqueous
solution.
[0022] In some embodiments, the 1lens bodies of the present
contact lenses are not subjected to extraction with an organic
solvent or an aqueous solution including an organic solvent
component prior to hydration in the water or the agqueous
solution. The present contact lenses may have effectively or
sufficiently wettable surfaces without extraction with an
organic solvent, for example and without limitation, a volatile
alcohol, or an agqueous solution including an organic solvent.
Such ophthalmically acceptable or biocompatible contact lenses
can be obtained by one water flush or wash, or a plurality of
water flushes or washes. It can be understood that the present
contact lenses comprise lens bodies that have been washed with a
water-containing, +volatile alcohol-free, washing liquid or
washing liquids. The lenses can be washed with such volatile

alcohol-free 1liquids one or more times, and the washing can
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w 11 T Gani 0 s VBT or hp ARt ol G o Hinc AT an ‘GG "Gl vent

conmpo&iHody | It t Gahydhalth@ingn thatwater 1ehsthe apgdeossosnhed i on. THe

present contact |enses may have effectively or
present methods comprise forming a contact lens body having an
anterior surface and a posterior surface, wherein after
hydration in water or an aqueous solution, at least one of the
anterior surface and the posterior surface of the lens body when
wet comprises a plurality of depressions with an average
diameter between about 50 nanometers and less than 1500
nanometers, and wherein: (A) the 1lens body has not been
subjected to a form of plasma treatment, (B) the lens body is
not treated with a polymerizable swelling agent after the lens
body is formed or both (A) and (B).
[0025] The forming step may comprise polymerizing a
polymerizable composition comprising reactive ingredients. The
reactive ingredients include (1) at least one component selected
from the group consisting of silicone-containing monomers,
silicone-containing macromers, silicone-containing prepolymers
and mixtures thereof; (2) at least one hydrophilic monomer and
(3) at least one crosslinking agent effective to crosslink the
reactive ingredients during the polymerizing step.
[0026] The contact lenses and lens bodies made in accordance
with the present methods may be the contact lenses and contact

lens bodies described elsewhere herein.
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[0024), Lo, 2n04 h%retr%ri%afja:@é Peek10kelng, A }gﬁ%‘ NE LNV ONG £ n%t}%gdérggent

manuf acturi ng contact | enses are provided. The present netho onprise
f or m hgvancoot acprbendedhodyhhavi nge anfeateresr swociadedantna post esuch
surface,, wherein after h dratioqgjn wat er or_an agyeous folution at_| east

one of “TREIANT 8T 61F SsuPPhc &Ud e b%g?%??%?egﬁr ce"bt Tt k& | BAR2B0Y when
wet CPRphi $8% adidd-al | tynh o @%@b@%&b@ﬂ&oﬂ,t R ewer agewdicaget &f behseen

about 50 nanoneters and | ess than 1500
of ordinary skill in the art. In addition, any feature or
combination of features may be specifically excluded from any
embodiment of the present invention. Additional embodiments of
the present invention are apparent in the following detailed

description, examples and claims, the contents of which are an

integral part of the present application.

Brief Description of Figures

[0029] Fig. 1 shows the average diameter of depression (nm)
determined by Atomic Force Microscopy (AFM) testing of a series
of 16 test contact lenses and a series of commercially available
gilicone hydrogel contact lenses.

[0030] Fig. 2 shows the average depth of depression (nm)
determined by AFM testing of a series of 16 test contact lenses
and a series of commercially available silicone hydrogel contact
lenses.

[0031] Fig. 3 shows the surface depression density determined
by AFM testing of a series of 16 test contact lenses and a
series of commercially available silicone hydrogel contact

lenses.
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nanoneters, and wherein: (A) the |l ens body has not been subjected to a form
of plasma treatnent, (B) the lens body is not treated with a pol ynerizable
swel |'i ng wgent/@ii2er the | ens body is fornmed or both (ApCan$2¢iBp50879 0025]
The form ng step may conprise polynerizing a polynerizabl e conposition

conprising reactive ingredients. The reacti i ngredi ents ipclude (1), at
onat 0B ormthin: 4sofBerEg i R gEou Coriirtry, ppusiiess® (i

si || cpnesEptiad NbPIAMINGRRES ngSidfl GPNE= €08 abNi 19 MRELOMBrbact lenses
silicone-containing prepolyners_and m xtures thereof; (2) at |east one

hydr ot | # csabhefePfag@ 8y cae ll¥asiaghabdcossililgieongg gedf fettat t o
crossjd the reactive ingredients during the polynerizing step. [0026] The
cont ac enses and | ens bodies nmade in accordance with the present mnethods
may ljeo33je contagd. | enses anewcant getrikensobogdires desphsbegheksayhealies
herein.[0027] The present nethods nmay be carried out using a contact |ens

nol d xIuprieFhaca mMerPpelasy mifededicrHigedexinptd! a8 désdaBedVistiiher e

her ei ri di rents of the present invention are described
in dé%ﬁ@?ﬁﬁ%%@(}g ailed descri ption and additional disclosure bel ow. Any

f eat yoe34jr coridwat i an-ok feadwr es desicds bed hei@sgym@ghd nehudedgwidHe n t he
scope of the present invention provided that the features included in any

such Bbi ndtt bACEr eTREPIALPEYI | PS5 ncBiHTSHER asPi | ATHe RpparéhtiT+dm t he
cont exdmmd b 5, SREC-f4 caipn. 1 ek 4 her ddowlredag Qfn one of ordinary skill in

the art. In addition, any feature or
[0035] Figs. 15-18 show a series of photographs of several

test contact lenses and a commercially available contact lens in

both the wet or hydrated state and the dry state.

Detailed Description

[0036] Definitions. In the context of the  present
description, additional disclosure claims and Attachment, the
following terminology will be wused in accordance with the
definitions described below.

[0037] As used herein, the term "hydrogel" refers to a
polymeric material, typically a network or matrix of polymer
chains, capable of swelling in water or becoming swollen with
water. A hydrogel can also be understood to be a material that
retains water in an equilibrium state. The network or matrix may
or may not be cross-linked. Hydrogels refer to polymeric
materials, including contact lenses that are water swellable or
are water gwelled. Thus, a hydrogel may be (i) unhydrated and
water swellable, or (ii) partially hydrated and swollen with

water, or (iii) fully hydrated and swollen with water. The
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conbi nati on of features may be specifically excluded from any enbodi nent of
the present invention. Additional enbodinents of the present invention are
apparent wo20he4i2Bl owi ng detail ed description, exanpl epCan$2easisgy t he
contents of which are an integral part of the present application. Brief
Description of Figures [0029] Fig.,1l.sho t he average dianeter .of

dopr LS PRSEI M o BF nenet Ty RO EL: Mhcr DL AFTS t BYEFREHt a
seri esrobnléskestieoniagt 1k enses fand aygebyes.of commercially avail able
silicone hydrogel contact |enses. |0030] Fig. 2 shows the average depth of
depr e§¥138h ( nnyfheet &eminnedsby iAPNEt ebYiihggel "a oeri ésidtceBet ebydeeaeact

| ense a4 Seri f. c rci .avalLl ab ilLieon dr tact

| anaelaeRradit " EBgeRy cRlenr nBneliPilatdepPalbusn athdlty PEr e by
AFM t estitirgnof(sad ) seoines i6fi nd6 deagioreont aot 4 essescand d@ssejiesnobining
commercially avail able silicone hydrogel contact | enses .[0032] Fig.

, 4
shows “PRBORFBF age FIRVS §ﬁ%ﬁ@§9§”rou@hn§§%l€ﬁﬁf deEAgTed bVSAFNVPégﬁiﬁé of a
seri eg-@h,184t €3fy, COBLABE nh BRSEs, and; @1 88hLESnPh 1 APATE! GlAldy: Avai [,abhe
silicone hydrogel” contact |enses . [0033] Figs. 5-10"show a series of
phot ographstshownilng bhéreensl sar f duedmaphol egecasrsdatser m Aed bylAFNhef 16
Lest §73LA5ky Sooetadl At diation d 003 Tgs, UndfLdhey & SerLes”
correcting contact lens, which comprises a silicone hydrogel

material.
[0039] A "silicone-containing” component is a component that
contains at least one [-81-0-8i-] linkage, in a monomer,

macromer or prepolymer, wherein each silicon atom may optionally
possess 1n some manner, for example, may optionally Dbe
chemically, such as covalently, bonded to, one or more organic
radical substituents (R;, Riz) or substituted organic radical
substituents that may be the same or different, e.g., -SiR;R;0-.

[0040] "Molecular mass" in the context of a polymer described
herein refers to the nominal average molecular mass of a
polymer, typically determined by size exclusion chromatography,
light scattering techniquesg, or intrinsic velocity determination
in 1,2,4-trichlorobenzene. Molecular weight in the context of a
polymer can be expressed as either a number-average molecular
weight or a weight-average molecular weight, and in the case of
vendor-supplied materials, will depend wupon the supplier.
Typically, the basis of any such molecular weight determinations
can be readily provided by the supplier if not provided in the
packaging material. Typically, references herein to molecular
weights of monomers, macromers, pre-polymers or polymers herein

refer to the weight average molecular weight. Both molecular
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| ens surface norphol ogy as determ ned by AFM of various comrercially

avail abl e I enses after hydration. [0035] Figs. 15-18 show a series of

phot ogr aphie 20f/@es2er al test contact | enses and a conmer ecalusgoiawaisiabl e
contact lens in both the wet or hydrated state and the dry state. Detailed
Descripti.on [0036].Definitions., ln the context of .t resent description,
a1 HSOTOLPE EPAT ron RS Ae ¢ Cerrant Shender Sl oh B bEr s By wil |
be usethdratcosdagcegai t betrieadebnni thonsatesesphed kel ovehéH0IAquAs used
herein, the term"hydrogel" refers to a polyneric nmaterial, typically a

net woHKE SR GREFIBO T  pdISHEH Bl ns, LdpRdbl e WSS | | fPE n WaESTUIGH9

becorﬁﬁ%@%é ewegﬁhé WAHe e g %Qadraq%,%:, an, akgo hg,updgestand 1g.be @

mat er | retarns water 1n an equilibriumstate. The network or natrix
may emdrgrowgt dealysss ol ribed. mddminogedrst ref ecofld igekyner iprarsteriies s,

i ncl ugli r&g cont act | enses that, are water swe%’\jaabl e or_are water, swell ed.
Thus, ‘% Shydr GFESTHRE BE1RY HRRYGFSEEE andowal BF RARTT abt & Vari (44 ) °F
par t it ydpateduaBd ! heBeWnt ReVWahBibefaddddde fubl¥chydrated and
swollen with water. Thehydrogel may be a silicone hydrogel, a silicone-f

ree Igmrobel ussr ah ddgbst i%Qiyt%ﬁlfi%oﬁ@Chﬂﬁﬁéeﬁyd%Qcm@u%qrér m
oty SR ASE! e S NS I A e g P Ul
( Si Opoe4aqnt ai M ng eoFREONAENt . oFor nExaApke, arfsi hi copelddptiagel iltyircal |y
typically means that crosslinks are formed between polymer
chains by covalent bonds or by physical bonds, e.g. hydrogen
bonds. A network can include two or more polymeric components,
and can include an interpenetrating polymer network (IPN) in
which one polymer is physically entangled with a second polymer
such that there are few, 1f any, covalent bonds between them,
but the polymers cannot be separated from each other without
destroying the network.
[0042] A '"hydrophilic" substance is one that is water-loving
or has an affinity for water. Hydrophilic compounds have an
affinity to water and are usually charged or have polar moieties
or groups that attract water.
[0043] A "hydrophilic polymer" as used herein is defined as a
polymer having an affinity for water and capable of absorbing
water. A hydrophilic polymer is not necessarily soluble in
water. A hydrophilic polymer may be soluble in water or
insoluble, e.g., substantially insoluble, in water.
[0044] A "hydrophilic component" is a hydrophilic substance
that may or may not be a polymer. Hydrophilic components include
those that are capable of providing at least from about 20%

(w/w), for example, at least from about 25% (w/w) water content
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prepared by conbining a silicon-containing material w th conventional

hydr ophi | i ¢ hydrogel precursors. A silicone hydrogel contact lens is a

cont act |Iwo201/0at32adi ng a vi sion correcting contact | en®CTMis2el/os@Bpri ses a
silicone hydrogel material . [0039] A "silicone-containing"” conmponent is a

conpopent .t hat cant.ains at least.one [-Si-O Si-] linkage, .in a nononer,

ey oher EBF eGP bath YPFRcoR By apt Fohar FYRpOLEEss i n

some peABRekvel Ot s mayaoptHenaldni 1ie: cheshgahédt Such asigevabently,

bonded to, one or nore organic radical substituents (R, FQ% or substituted
)

or ganhgdraaléal csubsPrEqeRets t hdtydnapPiid itche SEARIYRERH £ f erBrigrophylic

- S R.A;%e {;Q%QLS,N%%% Eil'ﬁés I JdG Lontgxt Qém@irfé%fz’é‘}? deserLoed
hereih refefs to'the non nal ave age nol ecul ar nmass of a polyner, typically
det er Aydedphyl $¢z eaexcinesison Iehd oot 0O @pbyepbilghtrscataret | hgdtechnl gues,

or intrinsic vel oci determonpation in 1,2 ,4-trichlorobenzene, . Ml ecul ar

nei ghpoiRtera BaR: BrEcoPes MAARAR o T b asle P (e C LN

aver ageapBpBepl ar pwidiindr a Mgl raverage rgﬁ&ﬁ%ﬂi%ip@ﬁgio%ndaﬁ@ t he
n

case of vendor- supplied materials, will depe upon the supplier.
Typi ciney hydromiiss oPoity o8uchir frolREafeat wenghte il eren AaOLHRS canche

di e . ; . : ; torial
SR (A o S 2 e N S e e TR s L e
pre- ppiOYSEr s Ox pRbMBRES"hekEehsl eében @ ltdie waivgtow ies Bgen Tet eged gt

wei ght. Bot h_nol ecul arwei ght determ nations, nunber- average and we] ght

_averg@@poggﬁ,befor example a compound with an average molecular
weight less than 700 Daltons, that is polymerizable. In one
example, a monomer can comprise a single unit of a molecule
containing one or more functional groups capable of polymerizing
to combine with other molecules to form a polymer, the other
molecules being of the same structure or different structures as
the monomer.
[0046] A "macromer" refers to medium and high molecular weight
compounds or polymers, which can contain one or more functional
groups capable of polymerization or further polymerization. For

example, a macromer can be a compound or polymer with an average

molecular weight of from about 700 Daltons to about 2,000

Daltons.

[0047] A “prepolymer” refers to a polymerizable or
crosslinkable higher molecular weight compound. A prepolymer,
as used herein can contain one or more functional groups. In

one example, a prepolymer can be a series of monomers or
macromers bonded together such that the overall molecule remains
polymerizable or crosslinkable. For example, a prepolymer can be
a compound with an average molecular weight greater than about

2,000 Daltons.
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measur ed usi ng gel perneation chromatographic or other |iquid

chromat ographi ¢ techni ques. O her nethods for neasuring nol ecul ar wei ght
val ues cawmoabsid4b®23used, such as the use of end-group amarys2E0OF08TNe
measur enent of colligative properties (e.g., freezing poi nt depression,

boi I i ng-noint elevation, or osnobtic pressure det er m ne nunber, - aver age
nnleéﬁﬁ meld%tm%af¥%%rﬁs§e§?r?lbﬂtgs@ﬁFF§F% %P Bhfi GYed© W?ﬁﬁﬁ%ﬂ9|fg

ugat &N oprVi geeEet Mmbrddhdeat er haer el aht ?yeﬁegfmaegece&ar BHgMes

[ 0041] A "network" or "matri x" of a hydroph| ic polyner typically neans

t hat @rosstf nk&s aneetlomhess et veeembbmrremchmd@;aa@qﬁov@ eﬁ@fQEn@SJ & by
physi gal . honds..,e..9. 1@/0' %%e”cgﬁgﬁ oﬁet g ’\}%PP&(&‘W £ MOl
polynerlc cofnponent s, can’l an | %e T o1yner networ k
(1 PN cdpubite cht ohelpgl yéliﬁl‘ssllin}kbxﬂsmbalcb%éﬁﬂtpdﬂgjnﬁdrw t Iﬁoa seeand epolysrer
such that there are few, if any, coval ent bonds between them but the

pol yr%%kéelbaﬂ?n%l’m%sséﬁﬁﬁﬁpéd Y Gin RAEASE eI t RBTPOREE L PBY Phg dUte NI

netwole 0042} oA offyCIﬁc%E'{héf§ I%HQ%E?\QE@ 90008 LHAlpd Byt er £hovidig, or

has an affinity for water. Hydrophilic conmpounds have an affinity to water
and arthearsyatlymestariged QIOMWW@@ roingtdsed- igm .gr oups that attract
wat er

043] A "hydrophilic po as used herejn is definhed as_ a
ol Rl g TR B Epef R AP e oY B SO Bk ats%or b R adieher e

hydr i 41 ecRekYiBRE ohS JTOt LS CBSS Rirky SOt cthtl Npd¥ByRErs A RMARARIdYIC
pol ymer may be soluble in water or
form, "of which at least one is synthesized and/or cross-linked

in the presence of the other without or substantially without

any covalent bonds between them. An IPN can be composed of two
kinds of chains forming two separate networks, but in
juxtaposition or interpenetrating. Examples of IPNs include

sequential IPNs, simultaneous IPNsg, semi-IPNs and homo-IPNs.

[0050] A "pseudo IPN" refers to a polymeric reaction product
where at least one of the different polymers is cross-linked
while at least one other polymer is non-crosslinked (e.g. linear
or branched) , wherein the non-cross-1linked polymer is
distributed in and held by the cross-linked polymer on a
molecular scale such that the non-cross-linked polymer is
substantially unextractable from the network.

[0051] A "polymeric mixture" refers to a polymeric reaction
product wherein different polymers are both linear or branched,
substantially without <cross-linking, wherein the resulting
polymeric blend that is obtained is a polymer mixture on a
molecular scale.

[0052] A "graft polymer" refers to a branched polymer having
gside chains comprising a homopolymer or copolymer different to

that of the main chain.
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insoluble, e.g., substantially insoluble, in water. [0044] A "hydrophilic
conponent” is a hydrophilic substance that may or nmay not be a pol yner.
Hydr ophi IWO 20omposzent s i ncl ude those that are capabl e ofPCpruseiidioneg7at | east
from about 20% (ww) , for exanple, at |east from about 25% (ww) water
conte the resulting hydrated | ens when _conbined with the renmaining
reactﬂbégkonpon%ﬁfgth & r&ﬁmQQCF%oﬁﬁﬁnQEt9§%¥ﬂﬁuﬂ§Rﬁ?qﬂﬁﬂQnﬂﬁf?Et'
monongssp1 Y dr aRiHd | ¢ -HBRk eHEr Sbomdb(%phhkaﬁogéﬁps)' YT §ahBydr oplh] & &s

pol ymers, or conbinations thereof. HydrophiliC nacromers, hydrophilic

pr epospaetSiedndthydvophi | i ¢ pol ymers may al so be understood to have

hydrophili c portions and_hydrophobic portions., Typjcally, th drophilic
pgrti@ﬁghnd P Shyﬂ?%@ho ?%eb%fti%% af%p%?%§i%{C%ﬁIYeI%%?%@F%?ﬂ%ntﬁggﬁch
that t&emiBgr eBRbOneRE@PAUIMBRIS, tOF aPaleHER! SoAhndly dbaBBhERE. HHH45am

"mononmer” refers to a relatively | ow nol ecul ar weight conpound, for exanple
a COMPRUABCRITPRTAR A etige AolBciNage weFghtaresd rifanv7oooWal tées, Lemat i s
pol yngrizapl e o, 10 ane. gxanpl &, ar@@%%%gcansﬁﬂwéh% ? Si gl & HpLL, of a
nmol ecul e cont ai i ng one nore functional groups capa% e o pdfyner|2|ng
to coibhedivhg h eldvdrrmol ecolestionf ommda pahynedikiehe obfiethabhbead Bg

being of the sanme structure or different structures as th oner._ ] 0046]
A'Wnﬁﬁ?ﬁ@ﬁa?f%fer Yﬁﬁoﬂﬁ_iunFSHHaﬁth n@@ﬁ!arhﬂﬁ%ﬂn Q§%ﬁﬁ%ﬁﬁ%§%ﬁiy
pol yNBESeptIh £ 6APFEOBT Qicht tARE 19K 18BN, € fHHNCE{19NGd 1 BF 08BS nePall & Ofor

pol ymeri zation or further polynerization. For exanple, a macroner can be a
conpourel ootpohyaeriafed anitdvepageificant corneal swelling, corneal

dehydration ("dry eye"), superior-epithelial arcuate lesions

("SEALs"), or other significant discomfort.

[0055] The term “organic solvent” refers to an organic

substance which has the ability to solvate or dissolve at least

one material, for example and without limitation, unreacted
materials, diluents and the like, present in a contact lens body
which  has not previously been subjected to extraction
processing. In one example, the material ig a material that is

not soluble or does not dissolve in water or an agueous

solution. In another example, the material is a material that is

not as soluble or does not dissolve as much in water or an
aqueous solution, i.e., the material has increased solvation in
the organic solvent as compared to water or an agqueous solution.

Thus, the organic solvent in contact with such an unextracted.
contact lens body is effective to solvate or dissolve at least

one material present in the lens body, or to increase the

solvation or dissolve to a greater extent the at least one

material present in the lens body to reduce the concentration of

the at least one material in the lens body, or to reduce the

concentration of the at least one material in the lens body as
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nmol ecul ar wei ght of from about 700 Daltons to about 2,000 Daltons . [0047]
A "prepolynmer"” refers to a polynerizable or crosslinkabl e higher nol ecul ar
wei ght cowpaond41A3prepol yner, as used herei n can cont aiPATAISR010/050809 €
functional groups. In one exanple, a prepolynmer can be a series of nononers
or macroners.bonded taget her, such that the overal | nol ecul e_renains
polynﬁ?wgﬁﬁ?g o?ocr%ngJﬁkaﬁF@ﬂ’F&feg%gﬁplg}%§ pW@SSFyn@F can b%q%g%%%pound
Wi th gplavesage nohecwajanei gBblgeaat aiayt has absosd 2:1@0Qubal donst {HPA8] A
"polyner" refers to a material forned by pol ynerizing one or nore npnoners,
macr ofe? s, 15r ey nBFI2BE Cmisvtliees it Hef eBRY X&e U4ERA héFeidh, CAMPOF ImEPi s

under re to I le n bl e bej I i zed,
but igﬁgggg%ﬁ% oig%%ingﬁ%ﬁgsgggﬁkegpﬁén%§he%é%g€§§érs?g%org%ag%%?e¥%?%

ot herwpohyuer sl prigsaniton n anpohgneruzabd@l woiposiinacdmdimgduanngotdenic
reacti on of nmononers, nmacroners and/ or ,prepolyners to form ot her pol yners
s N S i L R I R L A S T B

net woi kre8F1y| PNt d ef &S thea goNbidati oo e afidIor eodi Ebevabt or
polynmers, in network form of which at | east one is synthesized and/or

crossdispkbdei nthte pfeskpeet of onpe BRERFI t houtExrmRlest amf | aPTY2 ¢ hout
A S i PR L i e e e R S
i nt er peciet raat | sghabwanpl esofopdiNsl | meldudehs eduidks i akhll BNs foginyul hamebus
| PNs, semi -IPNs and hano- | PNs. ,
acetate, tripropylene glycol methyl ether, dipropylene glycol
methyl ether acetate, and the like and mixtures thereof.
[0056] The term “surfactant” or “surfactant component” refers
to a substance which has the ability to reduce the surface
tension of water, for example, water or an agqueous solution in
which the substance is present. By reducing the surface tension
of the water, the surfactant or surfactant component facilitates
the water containing the surfactant or surfactant component,
when 1in contact with a contact lens body which has not
previously been subjected to extraction processing with an
organic solvent, to more intimately contact the lens body and/or
more effectively wash or remove at least one material present in
the lens body from the lens body relative to the water without
the surfactant or surfactant component. Generally, a surfactant
or surfactant component does not act directly on the at least
one material to solvate or dissolve the at least one material.
Examples of surfactants or surfactant components include,
without limitation, zwitterionic surfactants including forms of
betaine, non-ionic surfactants including forms of polysorbate

such as polysorbate 80, forms of poloxamers or poloxamines,

fluorinated surfactants, and the like and mixtures thereof.
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[ 0050] A "pseudo IPN' refers to a polyneric reaction product where at
one of the different polyners is cross-linked while at | east one other
pol yrmer iwonon/@ii23sl i nked (e.g. linear or branched) , ROEUES2MO0HS79
non-cross-1inked polyner is distributed in and held by the cross-1inked
pol yner a mpl.ecul ar scal e such . that the non-cross-linked polyner _is
Subst BOSTRI Iy BAGAEFABEAbI ES S ERE N etWEE k. 21 T0S1PEA “SORYherit nf e
referset@idnpobyger g1 8acti on product wherein different polyners are both
| i near or branched, substantially w thout cross-I|inking, wherein the

r esul

[GOA8] pol yhensc fsimmdlatiams s obivdreakis zepoepabt ndne uicdags aot

| east

ure"

nol ecul ar_scale. [0052]. A "graft polynmer" refers.to -a branche ol r
havin@ag?aéagﬁaiH e%onﬂ??%in%h% h§ﬁ% 8P§WEF9&'%5ﬁxﬂ%ﬁﬁﬁesiff%Y@ﬁ?gggsthat
of theompirnsehad nHRRE3kd, Al taeBs - Tankeel eolyinaniyc oOkyshamgecaht achikgt

graft
speci
| ens
i ncor
exper
irrit

, compl ex, bond (chem cal bond or hydrogen) , or adhere, unless

VREET ot ABr witdle. JOOFLPTASIY s T Aol HCERF A Hihhal AT PIe b ceprabl e

L8581 Abed f £5% LR JBNRofor M ¢ NeMed; anrhe
poﬁatgﬂeﬁgggﬁgﬁhygﬁbgéﬁgcontgct Ieﬁ% mﬁ?%%gg ?%gqlen§%$§§%§

reacthygeor ingpedtiengssubstantdrassdiisdeifler t ,witic| wi ngrossl amking
ation and the like. Ophthalmcally acceptable hydrogel contact le

nses

have ¥8fthal mically acceptabl e surface wettabilities, and typically do not
causeo@kopr € NAyaASSREL at echoMderSi gnirhicantacpeal - swehbinbg, &of neal

for example, a silicone-containing monomer having a hydrophilic
portion, a hydrophilic silicone-free monomer, or a combination
thereof. The hydrophilic monomer can be used in combination
with a hydrophobic monomer. The hydrophilic monomer can be a
monomer having both hydrophilic and hydrophobic portions or
moieties. The type and amount of hydrophilic monomer used in the
polymerizable lens composition can vary depending on the types
of other 1lens-forming monomers that are used. Non-limiting
illustrations are provided herein with respect to hydrophilic
monomers for use in silicone hydrogels.

[0060] Crosslinking Agent. Crosslinking agents for the
monomers, macromers, or prepolymers, used in preparing the
hydrogels can include those that are known in the art, and
examples of the crosslinking agents are also provided herein.
Suitable crosslinking agents include, for example, a diacrylate-
(or divinyl ether-) functionalized ethylene oxide oligomer or
monomer, such as, for example, tri (ethylene glycol)
dimethacrylate (TEGDMA) tri(ethylene glycol) divinyl ether
(TEGDVE) , ethylene glycol dimethacrylate (EGDMA) , and
trimethylene glycol dimethacrylate (TMGDMA). Typically, the

crosslinking agents are present in the polymerizable silicone
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dehydration ("dry eye"), superior-epithelial arcuate |esions ("SEALsS"), or
ot her significant disconfort. [0055] The term"organic solvent" refers to
an organiwoohsuaizae which has the ability to sol vate opcCuitsgaweosat | east
one material, for exanple and without limtation, unreacted materials,

di luents and,the |ike, .present _i .cont act_|ens _body which has .not
previ Igﬁ(g??g%%eﬁomsé&lé@ t%)nefte:i %tlivggypr%%aegis]i ﬁ&%a?in %rﬁ%uré&%rrﬁ e,t}fleﬁe

mat er pal yisrazapl er icdmgditt icgh Nokushl WY e ior deesmmintdi $aebieg nfxweher or
an aqueous solution. In another exanple, the material is a material that is
not adPewBF ubt &%olWdBes tRoBLEIESGI0Fe (@ iucks i Lt PBIE dh Zqub ©

sol utigfuei 5§ /(ARG ML EAbnhagoLRCieasad &p)yAt LQNakbButhe ggapy fy 50l vent
as conpared to water or an aqueous solution. Thus, the organic solvent in
cont aoy weidhsuch @neupekymnacteabtentacposensodody is effective to sol vate

or di ve at_ l.east one pmteri al t in the | dy, to i
Che” SBRO T on St Teiso Foaas el R ORI df 7 eaeovn IR Tal
presepinin £Henh s bQdYbapredise the tongentsadi ops pfcdhe-ddnt £asinone

material in the lens body, or to reduce the concentration of the at |east
one netmperéntn elie least body asopapaldd thydrdmnsl bodyonpeared anc Aat er

O 2 EOUB B0l Rl T, O GaUL g SPLYEI! IBN.De UREG. LGHe) Ut fon
| ess pbapmdP0YaBIgani des® ventorholaexanpl e and w theutisked t atheneimn
aqueous sol ution including an organic solvent. In general, an organic
solveﬁ?oﬁﬁ%§}b¥%7 @Q@Eﬁpgpts reférs to components which, when present
in a polymerizable composition prior to polymerization, form a
single phase that is stable for a duration of time adequate to
allow manufacture of a polymerized 1lens Dbody from the
composition. For some components, a range of concentrations may
be found to be compatible. Additionally, “compatible” components
are components which, when polymerized to form a polymerized
lens  body, produce a lens that has adequate physical
characteristics to be used as a contact lens (e.g., adequate
transparency, modulus, tensile strength, etc.)
[0062] Silicone-containing component. The S8i and attached O
portion (Si-O portion) of the silicone-containing component can
be present in the silicone-containing component 1in an amount
greater than 20% (w/w), for example greater than 30% (w/w), of
the total molecular weight of the silicone-containing component.
Useful silicone-containing components comprise polymerizable
functional groups such as vinyl, acrylate, methacrylate,
acrylamide, methacrylamide, N-vinyl Ilactam, N-vinylamide, and
styryl functional groups. The silicone-containing component from

which the present contact lenses may be obtained, for example,

by polymerization, include one or more silicone-containing
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directly acts, on the at |east one material to solvate or dissolve the at

| east one material . Exanples of organic solvents include, wthout
limtati omnp 28l10@b®Bs, e.g., al kanols, such as ethanol, ipsoaSopansis7and the
i ke, chloroform butyl acetate, tripropylene glycol nethyl ether,

di pro gleHg glygog gethgr et@_g_a%giakgt:aggjgheéiLke and m xtures_ t hereof.
[ 0056 TRESt 8t m™*Surfaltant = or CDsurfcaé{ ante oent et €18 t 9 a0
subst antecwhecbohasihbagakidepol vierisgduse hbecsues actetrensi.on of 1vebes, for
exanpl e, water or an aqueous solution in which the substance is present. By
r educPRETPHBL s LFPRERCE edSITBiESOf PFREVREer 25t HEEIRETRRT aMe TG s uffact Bnt

conpopentqaf agi | 4t alieg Johe waheh 1 69R i%@é%eaga%ﬁﬁaanﬁiﬁ{céﬂéfﬁ&éé‘&‘t
conponent, when in contact wth a contact |ens body whic as not
pr evi naskymbeemmsi/yjrect ed iflo cexerbettedn prameEssiay wehll an bydaopioitodtvent,

t intimatel tact the J body .and/ ffectiyely. h
r erovESRPNFEaSt GG RHPBFFal SgFedent JaT AL &0ty f o THET TR Hody

rel atiMe todhe waken iwbhBodbntBensHEf acd@idodias ur HaetkanbeeonpRELsin,
General ly, a surfactant or surfactant conponent does not act directly on

t he atxpEasesorel meftérilal TRBEEOY vetiel istons SXBINAL NG aforeasenshe Raterial .
Exa”%?? gl %J@ﬁt ank s ésae%@”ieﬁggpf’@%ﬂt >d ”fé&g& M FhQut poe
on orms of beta

limta zw tterioni c surfactants ncluding ine,” non- ionic
sur f agdant s3i, 80Budi7ag f a@r,m2 09 7Pq! ysiorizat,e=uch 4s1 3] ysor bat £1 89, 640y s of
pol oxaners or_pol oxam nes, fluor] n6at ed surfactants, and the |ike and

mi xt uf € he? dof . POOS A “Rddi t i orfad® et ni t PoRs mhy ’al s 5e G i e

5,981,675, and U.S. Pat. Application Publication Nos.
2007/0066706 Al, 2007/0296914 Al, and 2008/0048350 Al, all of
which are incorporated in their entireties herein by reference.
The silicone-containing component can be a silicone-containing
monomer or a silicone-containing macromer or a silicone-
containing prepolymer.

[0063)] A silicone-containing monomer, macromer, Or prepolymer

can have, for example, the following general structure (I):

0 T,
B X—L)tCh—Si— R
Ry
(1)

where R® is H or CH;, X 1is O or NR*® where R>® is H or a
monovalent alkyl group with 1 to 4 carbon atoms, a is 0 or 1, L
is a divalent linking group which comprises from 1 to 20 carbon
atoms, or from 2 to 10 carbon atoms, which can also optionally

comprise ether and/or hydroxyl groups, for example, a
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sections that follow [0058] Lens formulations. Hydrogels represent one
class of materials used for the present contact |enses. Hydrogels conprise
a hydr at eslp 201108$528i nked pol yneric system cont ai ni ng waPemr/usro1a/50879

equi libriumstate. Accordingly, hydrogels are copolyners prepared from one

or nore.reactive ingredients.. The reactive Jdngredients_ are_crosslinkabl e
wi th BOLYEEBYI ARG aGaht ChAidusg) FHtr BEniHHT noncier® TRE HydPophi Foc
mononmer Gan g, 404 example, ba shki conrs cont alii Mg-armnogRe kand ngraups

hydrophilic portion, a h¥drophilic silicone-f ree nononer, or a conbination
t her e6PIePRBARPELBpRELPELRENSHFOM YR IRS IR iIF VHfbiatinsh it about

hydr ophobi ongr.....Lhe ophi.l 1 n n b hay] oth
yclr ophi | FA7R0g e Bohoby par I eHe o iy i o, TR Ty ana ansunE o
hydr ophbkt¢tnbadner thsethd ot heopel Yirecikzabl etogiss conpbsitamnl canovary
depending on the types of other |ens -formng noners that are used. _Non-
i i (PR FPLGSETSt D RS RO Bt HRTe HE ¢ N CSpRor Tt o St oRF | P8
NONONR[ S ROr AUs® RN Sdhpeodes hydr vgebs. ohB06AN okeesshinid Nng-dgent . For
Crosslinking agents for the nononers, nmacroners, or prepolyners, used in
pr epafkagPife Aydiegerscéarnenefude t Roseathials %61 IGRHWT iSe 115 ar%Hs) and

i?igﬁ%ﬁﬁﬁ% LR OSSRk %e?z%e”ﬁ&,ar 3alpso BE8Vij]C}Fcf!eéJ’éer%aeérﬂ:dLyS%£ﬁ§?ie

g agents include, Tor exanple, a dracrylate- (or divinyl" ether-)

f unct menhl/l zedeathyl eplecayilderola genervadrent siloxane chain comprising
from 1 to about 100, or from about 1 to about 50, or from about
1 to about 20, repeating $i-0 units.
[0064] One, two, or all three of R;, R, and R; can also
comprise other siloxanyl groups or siloxane chain-containing
moieties. The combined 1linkage of -X-L-, where present in a
gilicone-containing monomer, macromer or prepolymer of structure
(I), can contain one or more heteroatoms that are either O or N.
The combined linkage can be straight chain or branched, where
carbon chain segments thereof can be straight chain. The
combined 1linkage of -X-L- can optionally contain one or more
functional groups selected from, e.g., carboxyl, amide,
carbamate, and carbonate. Examples of such combined linkages are
provided, for example, in U.S. Pat. No. 5,998,498 and U.S. Pat.
Application Publication Nos. 2007/0066706 Al, 2007/0296914 A1,
and 2008/0048350, all the disclosures of which are incorporated
herein by reference. The silicone-containing monomer, macromer
or prepolymer used in accordance with the present invention can
comprise a single acryloyl group, such as shown in structure
(I), or optionally can possess two acryloyl groups, such as one
at each terminus of the monomer, monomer or prepolymer.

Combinations of both types of the silicone-containing monomers,
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nononer, such as, for exanple, tri (ethylene glycol) dinethacrylate
(TEGDMA) tri (ethylene glycol) divinyl ether (TEGDVE) , ethylene glycol
di met hacrwybava/(dEEMA) , and trinet hyl ene gl ycol di net hacmyusatie/of0BRGDIVA)
Typically, the crosslinking agents are present in the polynerizable

siliconehe/dro el conposition in rel atiL ely small total, armulnts i.n tk%.e
Dol y IS DTS CBhOE P T o8 cRPREOTR LY. SRBURE PERG g oI eLhe 1 S0
(W Wcdrpadottordd N da ) in cdsammmbouii th S%d Widsdrr abomnthoed{ w w), or

from about 0.75% (ww) to about 1.5% (ww), by weight of the polynerizable
conpd8Pedlon. [Boemlsi | icfoneilydrogelconsadnEFagnuranPensnta sisekvhe in

hydr o oy .yl ati.on ise 2ast . ilic - [Nl
componert Feq ohEPh o e TR TRTHREORT 1 s ster O ang ArET Baet Bne
conpaiitdieatcr assdiitakiing ,agebl ysWN bhangspeki/ 1t o(petynet iyt e @i@ners,
formul ati ons as di scussed herein, "conpatible" conpgnents refers to

CONMPOMREHANSHT ch, OMherPIRRIBAICTH a P WHREMSabl dARIYsi t ildMigrdtorto

POl Y R 1ZAt kPl 1O B ST ngl e phase that i3t @lgdiaty 18 dubat) on e time
adequate to "al | ow manufacture of a polynerized | ens body fromthe

conpazitttiamretiBord soneoxxomponent s, a raagbybfietbaceniaaei ons may be dmwsund to
be cao tible, _Addit.ionall "C atible" c nent.s _are conponents whi ch,
V\henri@go{i r%e%ll _&te]a”?eot}f% %lag’f}ldlrgle?f%?alczr gl (Txé’r%ec{br%’ y,Slplraonc?u'ce a lens that has
adeqyadesiphysidglc chad acdelisitd£s 40 Radisethadmiia ENtiddnd snt(Lirting

adequat e transparency, nodulus, tensile strength, etc.) [0062]
Si | i cemensyri ai Many awmRsoneat . PTRpoSymgng acehched. 0 for example, 3-

[tris(trimethylsilyloxy)silyl]lpropyl methacrylate (“Trig”
available from Gelest, Morrisville, PA, Uush) , and
monomethacryloxypropyl terminated polydimethylsiloxane (“"MCS-
M11” available from Gelest, Morrisville, PA, USA). Examples of
some silicone-containing monomers are disclosed in US Patent
Application Publication No. 2008/0269429. These silicone-
containing monomers can have an alkylene group as a divalent
linkage group (e.g., -(CH;)p-) and “a” can be 0 with reference to
structure (I), and at least two siloxanyl groups. These
silicone-containing components are designated herein as
Structure (A) class silicone-containing monomers. Exemplary non-
limiting structures of these silicone-containing monomers are

shown as follows:
0 ?Si(CHs)s
H2C=('3'-—C-—O(CH2.)3Sl'i —O0Si(CHy);
CH, 0Si(CHy ),
Tris
; and
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portion (Si-0 portion) of the silicone-containing conponent can be present
in the silicone-containing conponent in an anount greater than 20% (ww) |,
for exanpwe 2grigai®s t han 30% (ww) , of the total nol eceCamisesiogbis7of the
sil i cone-contai ni ng conponent. Useful silicone-containing conponents
conprise polynerizable functional groups such as vinyl, acrylate,

net hacryl ate, acrylam de, nethacrylamde , Nvinyl |actam N-vinylamde ,
and styryl functional groups. The_stlicone-containing conponent from which
t he present contact |enses may be opBtai ned, for exanple, by polynerization,
i ncl ude one or nore silicone-contaP i ngnononers, one or nore
silicone-containi ng nmacroners, one;§r nor e gjlicone-containing pr epol yners,
or mxtures thereof. Silicong hydrogel ,sontyasl denses produced as descri bed
herein can be based on d\gPPFhJ%gTEdﬁD~|ﬁ? nmononer and/or a
silicone-based macroner and/or a silicone-based prepolyner, and a

hydr ophi | i ¢ nononer or co-non R ﬁ'a crosslinking agent. In addition to
t he ot her siIicone-containingqgggg%ﬁﬂ g descri bed herein, exanples of stil
further silicone-containing conponents that may be useful in the present

| enses can be found in U S. Pat. Nos. 3,808,178, 4,120,570, 4,136, 250,
4,1390848, 4, 168641, 4pedQ 533, SeBdpUed, 50496, &7l idodb%Rdrit/aining
5,998, 498, and 5,98%,?75, and U.S. Pat.,Agg%ication Publ i cati on Nos.

2007/ CUBBTOT % | US9687/ 29694 BETSSTngt 200BY H028388 RS, t9H TFEWMITHh are
'PCPrﬁﬂmé%ﬁ§Ef§ué£§li—E%@féﬁ%@f%@&ﬁ%ﬁ%Ybf&b&ﬁﬁﬁience-(B}Ehethylsiloxy)
silicone-contal ning conmponent” can be ‘a ‘sili’cone-containing nonomer or a

si | i corighybet bime nd “WacMarfer avablahle cdmesorfalesthg Morrisville, PA,

UsAh) and methyldi (trimethylsiloxy) sylylpropylglycerolethyl
methacrylate (“SiGEMA”). These silicone-containing components
include at least one hydroxyl group and at least one ether group
in the divalent linking group L shown in structure (I) and at
least two siloxanyl groups. These silicone-containing components
are designated herein as Structure (B) class silicone-containing
components. Additional details on this «class of silicone-
containing components are provided, for example, in U.S. Pat.
No. 4,139,513, which is incorporated in its entirety herein by
reference. SiGMA, for example, can be represented by the

following exemplary non-limiting structure:

o —zi-’“
OH o

|
SiIGMA
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prepol yner. [0063] A silicone-containing nononer, nacromner, or prepolyner
can have, for exanple, the follow ng general structure (I) : (lI) where R5
is Hor OMB,20M/4852® or NR. 5 where R55 is H or a nobnovalPemtuSadikpsosgy oup
with 1 to 4 carbon atons, ais O or 1, Lis a divalent linking group which

conprises. from1l to 20 carbon atons, or from2 to 10 carbon ato whi ch
can at@égbptl oRaltGoRBEPRERIBLREY %WHB”%‘FGWSI%r&@ S esor nianﬁ?-@

apol yeshylgne gl YQgédCIE?&'d@v1@u%§'i beyf rom 4nt0o Lo i¥a i@ Zhdr&s BR2 .
and R can be the sane or differ en%, and are groups independently sel ected

from pyaymcanbahlgr coppolatingsl usefaBoumn Eracmdsoratwish (ehe. preeehyl

groups rocar 0 roup bsti.tuted with one, or re fluorine a , a
ook LRl BTG R R R A R R o Ei ety Gt et WNET R BF at (Rlast
one ohkn&/or RB) a@@ %%Cﬂm‘)lﬂlléﬁsuéé& eastofhe ndithioxang tinidt (1@& on&or
exanpl e, at |east of one of Ri R2 , and R3 can conprise -0OSi (CH 3)3

and/ of 11 E8PneRETORS HSIPDN it enEBOer RECH RS 49gPeTi Reepetfientty &fhyl
nEthyhssgenéﬁl’CBHSE%£t95na By vaéﬁ&%p§éloxeﬂs c eneonaf'sgﬂglggﬁgll to
about 1 or from about 1toaout 5 or fromabout 1 to about
repeatongaSniﬁgunomgon[eﬁ664}>fose,rwqm,reor 24| lcarhrise, ofolRiexal@le, aﬁdorRB can

al so co &I SI|OX | g ups si | oxape chain-contain etles
The c%%ngﬁeg%l *in a(rdQ %Q% \%ﬁ ‘Ab/re}s’en?ri r‘émsfah 8§ con{‘%ﬂ'ﬁ
MONONBhouHBEE QML /Qf ,pb@pqlrbﬁﬁrawutstlrg%ctw/az)( 1Yo ,alS@NE COEY atw/®Ne Bhe NOT €
het eroatons that are either 0 or N .

amount of silicone-containing components of Structure (B) can

be, for example, from about 10% (w/w) to about 45% (w/w), or

from about 15% (w/w) to about 40% (w/w), or from about 20% (w/w)

to about 35% (w/w).

[0069] The presently wuseful polymerizable compositions may

include one or more non-silicone-containing hydrophobic

mornomers . Examples of such hydrophobic monomers include,
without limitation, acrylic and methacrylic acids and
derivatives thereof. An example of a non-silicone containing
hydrophobic monomer includes, without limitation,

methylmethacrylate, Combinations of two or more hydrophobic
monomers may be employed.

[0070] Other specific examples of the useful silicone-
containing components useful 1in accordance with the present
invention can be chemicals represented Dby the following
formulas, or chemicals described in Japanese patent application
publication number 2008-202060A, which is hereby incorporated by

reference in its entirety, for example,
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The conbi ned |inkage can be straight chain or branched, where carbon chain
segnents thereof can be straight chain. The conbined |inkage of -X-L- can
opt i onal Iwocont®isz3one or nore functional groups sel ect @dTiuserm/ 080839 ,
carboxyl , am de, carbanmate, and carbonate. Exanples of such conbi ned

| i nkages are provided, for exanple, in US. Pat. No. 5,998,498 and U.S.
Pat. Application Publication Nos . 2007%0066706 Al, 2007/0296914 A |, and
2008/ 0048350, all the disclosures of ich are incorporated herein by
reference. The silicone-containing nonQuer, nacroner or prepolynmer used in
accordance wth the present invention gt conprise a single acryloyl group,
such as shown in structure (1) , or optionally can possess two acryl oyl
groups, such as one at each term nus of{the nononmer, nonomer or prepolyner.

Conbi nati ons df both types of the silicgne-ycontaining noppnoners, acro ers or
prepol yners agtkéhakhb/Can”hgzdkégrPﬁéﬁ?ﬁ@éesf?abe&fbﬁp rthons useful in
accordance withgthe present” i nvent Non'¥0f006%] “Exanpl es of ¢
silicone-contai ni ng conponents useful in accordance with the present

i nvention include, for exanple and without limtation, polysiloxanylalkyl
(meth) acrylic nononmers, macroners or prepolynmers including, wthout
limitation, nethacryl oxypropyl trA=24t¥8%%ethylsiloxy) silane,

pent anet hyl di si | oxanyl nethMantgaggglggels gpg nmethyldi (trinethylsiloxy)
met hacryl oxymet hyl silane . [0066] Specific’exanples of the useful
silicone-containing nononers, nmacroners or prepolyners can be, for exanple,
3 - [tris (trinmethylsilylegxy) silyl] propyl nethacrykgge ("Tris"

/ﬂ\ \\S// \S// Si
O\/\N O/\/OM\/ LO% '\Q)f
H n

FMM, Mw = 1,500

@) O
o SN
0 / / N\

X-22-1622, Mw = 582

DMS-R18, Mw = 4500 ~ 5500
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avai lable from CGelest, Mrrisville, PA USA) , and nononet hacryl oxypropyl
term nat ed pol ydi net hyl sil oxane ("MCSM | " avail abl e from Cel est,

Morri svi IWe,20RA41423A) . Exanpl es of sone silicone-cont aiPoITAu$20m0/060829 S ar e
di sclosed in US Patent Application Publication No. 2008/ 0269429. These

sil i conecontai ni ng nononers can have an al kyl ene group as a dival ent

| i nkage group (e.g., -(CH 2)P- ) and "a" can be O with reference to
structure (1), and at least two sk]q;an I/gro s. These silicone-containing
conponents are design d Gerein aSicStr gggreugﬁi ass silicone-containing
nononers. Exenplary nonljmting structures t hese silicone-containing
monormers are shown as fdDlows: Tris ; andM C -"i [0067] Qther specific
exanpl es of silicone -containing conponents useful in the present invention
can be, for exanple, 3-nethacryl oxy-2 -hydroxypropyl oxy) propyl bis
(trinmethylsiloxy) nethylsil ameR-"MITGVAw =avaidzabl e from CGel est,

Morrisville, PA USA) and nethyldi (trinethylsiloxy)

syl yl propyl gl ycerol et hyl nethacrylate ("Si GEMA" ). These
silicone-containing conponents include at | east one hydroxyl group and at

| east one ether group in the divalent linking group L shown in structure
(1) ald78} | ea¥ett wotlset oxsmmdifgrroupsamphese sf | ideneusefiidi nshyiconpenent s

are designated herei n as Struck%%%t(B) cl ass s'Iiconeﬁﬁgntﬁbnlgg c
conpohgRt 822 A8 t FORRP TRt 2i IS Tt hi's! cPESSTSPREN i ¥ohécohtSi nPhg=e™
invention can be chemicals represented by the following
formulas, or chemicals described in U.S. patent application
publication number 2009/0234089, which is hereby incorporated by
reference in its entirety. 1In one example, the silicone-
containing component can comprise one or more a hydrophilic

polysiloxane components represented by general formula (II),

R, CHy  Cl
0= CyHOF=C3Hlg—Si0— 8047
- CH;  CHy

§) \
CHy  CH; Ry

£8i09—Si f:‘:gi%*f*ﬁl‘fia?’iﬁt::“‘ﬁw CH
Clly |
C3HO—¢ CHLCH 3‘3‘“3“;;“ Ry ©
(I1)
wherein R; is selected from either hydrogen or a methyl group; R:
is selected from either of hydrogen or a C;.4, hydrocarbon group;

m represents an integer of from 0 to 10; n represents an integer

of from 4 to 100; a and b represent integers of 1 or more; a+b
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conponents are provided, for exanple, in US. Pat. No. 4,13 9,513, which is
incorporated in its entirety herein by reference. SiGWA, for exanple, can
be represwoted/days28he foll owi ng exenplary non-limting $CTOS2Q0050879

Si GVA[ 0068] Si |l icone-contai ning conponents of Structures (A) and (B) can be

used jndividually or_in any, c i nations, thereaof in pol i zabl
conpast t?%"gt LE%%I?LH 3% o?ad%;}gel i TG é:oproe'soe]n'!to i %D?\/e?%tq}e% Irjf.%ae ©
Lant

Si i coner cantal N0 € apenets ofi & udiiiRs (DraHercd®i Jmatiesd urt her
used in conbination with at |east one silicone-f ree hydrophilic nononer

such Exeangeles | be Ut 68l 1 qdnarsean i rdiehi dramd e Heo ra T 5 & 1 agse iahount

about O & M R006 L WL A e G A apout | 35
(W Wnumkegr frooma Ademd o g8 % i(wd Mjd irey abanip130% (osd Wage The anount of

si | i cone-contai ning conponents of Structure (B) can be, for exanple, from
aboutl088s (W Qther apbhit caBes CHrw inHRI f CORPEBETE S15%hSa 31 t BEabtind -40%

(w W)For Oré)cfr?én Tea,‘bog{:hég% é\\Mﬁ’\Qbfé) S 3%0‘1'1( W!'L}"l\@:ludla(,)og@clr Trégca%pq%qnt ly

useful poly I zabl e conpositions may I ncl ude one or nor

non- sdliycGneyaonrd idi axange )hydoophebs ¢ nenoeess Branptesobymesus hshytr gEhobi ¢
mononers i nclude, without limtation,. acrylic, and nethacrylic acids .and
dor | atd PR T Ry S B LR HarE oy LB Eont AFRYRGEnFORIFbI ¢
nmonongy i ngbiides, WinbASMEthhBt{abkopropplhy! methackykat € mdehi-midyans of

two or nore hydrophobic

terminated polydimethylsiloxane) . Other useful silicone
containing components include silicone-containing vinyl
carbonate or vinyl carbamate monomers, macromers Or prepolymers
including, without limitation, 1,3-bis[4- (vinyloxycarb-
onyloxy)but-1-yl]tetramethylisiloxane 3-
(vinyloxycarbonylthio)propyl- [tris (trimethylsiloxysilane], 3-
[tris (trimethylsiloxy)silyl]lpropyl allyl carbamate, 3-
[tris(trimethylsiloxy)silyl]lpropyl vinyl carbamate;
trimethylsilylethyl vinyl carbonate, and trimethylsilylmethyl
vinyl carbonate. Examples of one or more of these silicone-
containing components can be provided, for example, in U.S. Pat.
No. 5,998,498 and U.S. Pat. Application Publication Nos.
2007/0066706 Al, 2007/0296914 Al, and 2008/0048350, all the
disclosures of which are incorporated herein by reference.

[0073] Some of the silicone-containing monomers, macromers oOr
prepolymers that can be used in accordance with the present
invention can be used as a single discrete monomer, macromer oOr
prepolymer, or can be used as a mixture of two or more discrete
monomers, macromers or prepolymers. For example, MCR-M07 1is
often provided as a mixture of silicone-containing compounds

with a wide distribution of molecular weights. Alternatively,
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nononers may be enpl oyed. [0070] Ot her specific exanples of the useful
siliconecontai ni ng conponents useful in accordance wth the present

i nvent i orwoaniigi12Beni cal s represented by the foll ow ngPCorUsR012950809
chemi cal s described in Japanese patent application publication nunber

2008- 202060A IS {£§f%%bép orporated by reference in its entirety,

whi ch
for eXanpl e,%fzzlgki%% s B MvTECTOME6 0 XF22 -

1622 prNbb?yﬁ&%sEMEh£Hi3GaﬂMNbé’459@i~j550@b96fahn¥et witier tsRecpkesent
exanpl es of the useful siliconecontaining conponents useful in accordance
Wi th ER¥SPFéBNCANRPEN &R S chERi O3 FPEHMEFINVE by 2 HECTDTF 0RF ng

f or mubag oo 9L mehem galhs @fﬁ&fé@fd blle b Bar PLEBH 3PPIHHALL 0N PUD! | gabhon
nunbe? 2889 5&34089, which is e?eb?éPncﬁrporgfe by reference inits
entireéegs |is opwaedabpke,it he sidwewnecbatalarngreigiponearstan oarpri 8e one

or nore.a hydrophil.ic polysilgxane conponent.s represented by gengra
forrru[r1815f3f1¥"",I (" lﬁgrei(%si $ soéjlr%ectsaeog%frg%]eqqrﬁg’r /4t ogh og aﬁﬁ%i"ﬁﬁ
gr oupimoRécusagekected hea®ient Rarrofa MulragemOrvai dht bydawesarbep, gooup; m

represents an integer of fromO to 10; n represents an integer of from4 to
100 ;PalafBSh represent integers of 1 or nore; a+bis equal to 20-500; b/

R TR e e

conpomentseate adesciridiatidd in the polymerizable compositions used to
make the present contact lenses. The silicone-free monomers
exclude hydrophilic compounds that contain one or more silicon
atoms. Hydrophilic silicone-free monomers can be used in
combination with silicone-containing monomers, macromers or
prepolymers in the polymerizable compositions to form silicone
hydrogels. Hydrophilic silicone-free monomers can be used in
combination with - other silicone-free  monomers, including
gilicone-free hydrophilic monomers and silicone-free hydrophobic
monomers, in the polymerizable compositions to form silicon-free
hydrogels. In silicone hydrogels, hydrophilic gilicone-free
monomer components include those that are capable of providing
at least about 10% (w/w), or even at least about 25% (w/w) water
content to the resulting hydrated lens when combined with the
other polymerizable composition components. For silicone
hydrogels, the total sgilicone-free monomers can be from about
25% (w/w) to about 75% (w/w), or from about 35% (w/w) to about
65% (w/w), or from about 40% (w/w) to about 60% (w/w), of the
polymerizable composition.
[0075] Monomers that may be included as the silicone-free
monomers typically possess at least one polymerizable double

bond, at 1least one hydrophilic functional group, or both.
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t he Exanpl es section of U S. patent application publication nunber

2009/ 0234089, including Exanple 2 on page 7 . [0072] O her

si |l i cone-wonvaimdiszg conponents al so can be used. For exaoplts20100bwsr9
suitabl e types can include, for exanple, poly (organosil oxane) nononers,

macr pr epol I as W& bi snet hacr.yl oxy.- pr opyl
polyggﬁéﬁ%gééifgia é 7o ﬁggﬁg%eexgﬁ%ﬁ%ei?xﬁE%Nsl%ﬁgHﬁﬁéth§§Fyl%§%ﬁﬁ%ﬁnﬂ

t er m-wnated, nonacpybityl t eerhaatedipgl ydiamthdrsidoxaneyethddHerarmisds ul
silicone containing conmponents include silicone-containiing vinyl carbonate
or vihynakesy baﬁﬁ%@lﬁnnggﬁfrg,l  nEEPEFEPS T PHESYSI-y e TYHEURT t e tDout
lim t@ﬂl}ﬁmaﬂbéﬁﬂa [411,{¥E P%-%M%ﬁ@@x@ﬁoéﬁh Rut k¥l hactam and N-
tetramethyl i siloxane 3 -7 (vi nyl oxycarbonyfthio) propyF; ﬁtrls
(trirmeimylanldxysdbahéd , b®nds.triln (toneret byxbksplexy) téid ylHydomiilald yl
carbamate, 3 - %tris strhgethglsiloxy) silyl] ropyl viqﬁgicarb mat e,
trinetTEEES 1 eth§l VIRYE ESPBBRRERS al§  Br i mefhyl S9NVt hyfORF LI
car bongtiemeExadpl €5 olopnecHfl 10 ey Oy 1 hesenisd 1d toneciaidiing comanent s
can be provided, for exanple, in U S Pat. No. 5,998,6498 and U S. Pat.
Appl i AT PUBT | ANV NDs MaY2007 0668766 APE, 2893/ 0296 TP IS inkgingy
2008/ 0048350, all the disclosures of which are incorporated herein by
reference. [0073] Sonme of the silicone-containing nononers, macroners or
prepdbonErs t hmicltanydeopRelli Ensdteepdanceew tdbridiey afent benvertt i can
be used as a single discrete nononmer, macroner or. prepolymer, or can be
used L aNRFREGREIOY RO Itrieddi 3¢ty Considered as a subset of

acryloyl moieties as described above, an Tacrylic-type" or
"acrylic-containing" or acrylate-containing monomer is a monomer
containing the acrylic group (CR'H=CRCOX) wherein R is H or CHj;,
R' is H, alkyl, or carbonyl, and X is O oxr N, which are also
known to polymerize readily.

[0077] For silicone hydrogels, the hydrophilic silicone-free
component can comprise non-silicon containing monomer components
comprising an acrylic monomer (e.g., a monomer with a vinyl
group at the a-carbon position and a carboxylic acid terminus, a
monomer with a vinyl group at the a-carbon position and an amide
terminus, etc.) and hydrophilic vinyl-containing (CH,=CH-)
monomer (i.e., a monomer containing a vinyl group that is not

part of an acrylic group) .

[0078] Illustrative acrylic monomers include N,N-
dimethylacrylamide (D™MA) |, 2-hydroxyethyl acrylate, glycerol
methacrylate, 2-hydroxyethyl methacrylate (HEMA), methacrylic

acid, acrylic acid, methylmethacrylate (MMA), ethylene glycol
methyl ether methacrylate (EGMA), and any mixtures thereof. In
one example, the total acrylic monomer content is in an amount

ranging from about 5% (w/w) to about 50% (w/w) of the
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nononers, macroners or prepolymers. For exanple, MCR-M)7 is often provided
as a mxture of silicone-containing conpounds with a wi de distribution of
nol ecul arweedghuss23Al t ernati vel y, sone of the silicone-ceaTAiSaégsesanoner s,
macronmers or prepolyners that can be used in accordance with the present

i nvention can_b rovided as. two Qr .nore nononers, nacraners o re oiyners
wi th BPLIPELEZRBT Bt Aot et BSH cxanbrEr X202 68 G av A TAEPEL  n 4
| oner 1eBkegubauceei gl ersiven prddera M egul Afiowet ghin§i ngborbm9886ut

Dal tons, and as a hi gher nolecul ar wei ght version with a nplecul ar_ wei ght

of abdQf 18/000 Tl ¥Rt £BE74F/8)1i OnetFeBeaRBRBMESS. (#/dPopke | RBOUL
SiliC§6%'RW7@?,”Bﬁogﬁésgei?m%QgEHQ?QThgm%PFiPQEMU9riZable conposi tions used

to make the present contac enses. I cone-f ree nononers exclude
hydr offl®7p] ¢ compodedsrtbatl abrival,n tore Il e -Sidde aobmatss ek ophnl i
silicone- free nnnongrs can, be used_in conbination with siljicone-containing
mononEPEPTAEE offer 8YBFOBREbLFy n¥+BY L nCPREA bBLYHer PRABTNET conPBer PPBASIE 0
form @&hy@oesnhx%%ﬁl SmottyHELPNI 1 L Sindd £OmR T 1He8 PBRARRLS ¢aRoPeryHsed in
combi nation with other silicone- free mononmers, including silicone- free
hydr opat e éahsnofietdeamd esidnitc dripaisfes denchiyfteophobiltowpnbimeisatient hehe
polyn§ .f kg conmp '&io s to formsiligcon-free hydr ls. | i\ cape
hydrogé?s?g y%fogﬁ?ﬁh 19 %%ﬁﬁéﬁf re 'ngngﬁgy$c 6%@%?§W%uJﬁﬁﬁ?%h3§e t hat
are capabl eNohephoVi didgr &hideastvvabout NEUNGW-W)-ethgrl eveatamibeastnabout
25% (w.w) _water_ content to the resulting hgdrated | ens _when conbined with
the Vinyl-N-ethyl formamide, N-vinyl ormamide, N-2-hydroxyethyl
vinyl carbamate, N-carboxy-f-alanine N-vinyl ester and the like
and mixtures thereof. One example of a vinyl-containing monomer
is N-vinyl-N-methyl acetamide (VMA). The structure of VMA
corresponds to CH:C(O)N(CH;3)-CH=CH,. In one example, the total
vinyl-containing monomer content of the polymerizable
composition is in an amount ranging from about 0% to about 50%
(w/w), e.g., up to about 50% (w/v), of the polymerizable
composition used to prepare the silicone hydrogel lens product,
and can be present in an amount ranging from about 20% (w/w) to
about 45% (w/w), or from about 28% (w/w) to about 40% (w/w), of
the polymerizable composition. Other silicone-free lens-forming
hydrophilic monomers known in the art also may be suitable.
[0080] Crosslinking agents useful in producing the present
contact lenses, such as the present silicone hydrogel contact
lenses include, without limitation, the above-indicated
crosslinking agents. Examples of acrylate-functionalized
ethylene oxide oligomers for wuse in crosslinking agents can
include oligo-ethylene oxide dimethacrylate. The crosslinking

agent can be TEGDMA, TEGDVE, EGDMA, TMGDMA, or any combinations

thereof. Typically, the crosslinking agents are present in the
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ot her pol yneri zabl e conmposition conponents. For silicone hydrogels, the
total silicone-f ree nononers can be from about 25% (ww) to about 75%
(ww , owvofznom4atzeut 35% (W w) to about 65% (W w) , or PCrarse@ooss790%
(W' w) to about 60% (ww) , of the polynerizable conposition. [0075]

Mono hat. be. .i.ncl ude t he. silicone r non rs typical
posseSs X&eFééggxoné”&o%ﬁ%ﬁf@%@¥é9%%u8P8P8865103tJﬁba§$ﬂ%%£v%§%r88ﬁﬁ¥ic
funct tenall Gt Or 1botﬁn&xpapyﬁér@£appéymEnpz;@tiltaocﬂlqubé@c}boa@s imchyde,
for exanple, vinyl, acrylic, nethacryllc acryl am do, nethacryl am do,

f unar PROURE| &PRI1EEy Aom jadigmtoferid p r‘rg)l to @bﬁkhtylﬂe%rbé‘ﬁévé op fromny

car baggbee @l.byl iGy/we \em{lﬁﬁ&t s ane i Vi el okt amando Ny sy v {aywmcgo

doubl e bonds. In one exa ., the hydrophi Tl ¢ nononers are Vi
- cont abpibhgl(&%g.(w/an, abyyWecgbbnbalnhagpnﬁymaenzabla nompoamtybnc vi nyl

cont ai.pi.ng nono dro hilic nmononers nm nsel ves. be used as
crosshﬂ)@ﬂ(fJ ng a@gﬁﬁgmnﬁg ‘El h§8i‘“8}9ﬁieln1t§ -si TR or?é 15908 nBreREPS ! may
be butegre BRI AREESSAIIL Y @&gﬁ&i%ﬂ@ agentsipLAnsiierad as.&, suhsgt of
acryloyl noieti'es as descri bed above, an "acrylic-type" or

"acryﬁhcladﬁta@@dh@iO@alacﬁwmaneudantabngng NONeNErr | Icaenphvheiatonsai ni ng
the acr ig gr (I%%% er.ei.n.R 1S CH3, R' is g alg #,
carbony%éh I&f ér 0°or® X} m@hlgﬁglgFggsknéﬁﬁaf%Fp%$§%EP% 53YE3 % y
[ 0077} ukpr 1sullt|1@@@eshyd;rl@geﬂsa, Tigthydiopiiddes sitowioneaticLe €papesent can
COITpI’I se non-silicon containi Nng nononer conponents
and the like, one or more UV absorber agents or compounds, or UV
radiation or energy absorber, tinting agent, pigments, release
agents, antimicrobial compounds, and/or other additives. The
term "additive" in the context of the present application refers
to a compound or any chemical agent provided in the present
hydrogel contact lens polymerizable compositions or the
polymerized hydrogel contact lens products, but which is not

necessary for the manufacture of a hydrogel contact lens.

[0082] The polymerizable compositions may comprise one or more
initiator compounds, i.e., a compound capable of initiating
polymerization of a polymerizable composition. Thermal
initiators, i.e., initiators having a '"kick-off" temperature,

can be wused. For instance, one exemplary thermal initiator
employed in the present polymerizable compositions of the
invention is 2,2'-azobiz(isobutyronitrile) (VAZO®-64). VAZO®-64
possesses a kick-off temperature of about 62 °C., which is the
temperature at which the reactive components in the
polymerizable composition will begin to polymerize. Another
thermal initiator is 2,2'-azobis (2,4-dimethylpentanenitrile)
(VAZO®-52), possesses a kick-off temperature of about 50 °C. Yet

another thermal initiator for use in the compositions of the
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conprising an acrylic nononer (e.g., a nononer with a vinyl group at the
a-carbon position and a carboxylic acid term nus, a nononer with a vinyl
group at wbeos/@ai2bon position and an am de termnm nus, ePcT)uSand/obosdy ophilic
vinyl -containing (CH2=CH ) nononer (i.e., a nonomer containing a vinyl

.that, i t t of ar | | Lo | | at i | i
oo e TSR dd S\ P Be Aol BEPYERRPRGE DRy | (i ot Skt AT Her Pt ¢
gl ycek phk net haeeypat-eruzehysit oxpeliy! ogrethacryl at e £( HEMA) vazoethasrydl ¢

acid, acrylic acid, nethylnmethacrylate (M) , ethylene glycol nethyl ether
net hat?tyf B eeTEQVRIescaerdny M@ it es dtRer edtVailple exidigit e, RURORoL al

acryl i&; 1R coptent AN a ; angl r on % (2
abouttSl()%{}QV\%?%\%nbf :egeboltisne)rl zggﬁg‘agggﬁggsF%?%Eﬁn%lsegh?gggtrcggaér e:y}{iaé/!)slll e|ocone
hydr ogetritess prnotucts and' eamobis prestohexanareabouit ribaygi agdf rom 'about

10% (W w). to about 40% (W w), ,,.or. fromabout, 15% (W w) to about 30% (W w ,
of th%z%%&e?mi%]@%%é?p%ﬁi#%@ 10078] A%?]d]es_c? bedgtatbeoﬁg, FYﬁgssi I?%ne-
free 1NOTBISral SGuedn CHIPr it3R s> hygdvephabis Vighdm - congaLNi NG J@inaer .

Hydrophilic vinyl -contai ni,ng mononers that may be incorporated into the
mat erfRiMEL iRl B eSenParéhses siciarite Weketell igantagtonlenmest gldpw ng:

acet i d€PCoR T o IR RS 2L SRR ket s KBV e e,
N- vi mibodtor oraok gle (wiw? thydicoxy et wifw)l, car béprame abhucanhaey- (w-al ani ne
N-vinyl ester and the like and mxtures thereof. One exanmple of a vinyl
- cont ﬁﬁﬁﬁ”ﬁﬂ%d%%r w/w), of VAZO®-64 or other thermal initiator.
[0083] A UV absorber may be, e.g., a strong UV absorber that
exhibits relatively high absorption values in the UV-A range of
about 320-380 nanometers, but is relatively transparent above
about 380 nm. Examples include photopolymerizable
hydroxybenzophenones and photopolymerizable benzotriazoles, such
as 2-hydroxy-4-acryloyloxyethoxy benzophenone, commercially
available as CYASORB UV416 from Cytec Industries, West Paterson,
NJ, USA, 2-hydroxy-4- (2 hydroxy-3-
methacrylyloxy)propoxybenzophenone, and photopolymerizable
benzotriazoles, commercially available as NORBLOC® 7966 from
Noramco, Athens, GA, USA. Other photopolymerizable UV absorbers
suitable for wuse in accordance with the present invention
include polymerizable, ethylenically unsaturated triazines,
salicylates, aryl-substituted acrylates, and mixtures thereof.
Generally speaking, a UV absorber, i1f present, is provided in an
amount corresponding to about 0.5 weight percent of the
polymerizable composition to about 1.5 weight percent of the
composition. For example, compositions can include from about

0.6% (w/w) to about 1.0% (w/w) of one or more UV absorbers.
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is Nvinyl -N-nethyl acetam de (VMA) . The structure of VMA corresponds to
CH3C (0) N (CH3)-CH=CH 2 . In one exanple, the total vinyl -containing
nononer owotento4o§23t he pol yneri zabl e conposition is in &ZOTAISRMONS08ANGI NY
from about 0%to about 50% (W w), e.g., up to about 50% (wv) , of the

poly bl e c ion yse to prepare the silicone hydrogel |ens
prodl:“i‘ﬁdsz4 nd cér JIEHT 73R 180  SRBRRE 1EdRgENg VRS abdtk 2@%3@\?3//5‘%)3%0

about \A3% (whW) pré%reﬂctr 0%@9995038%5@’\’/ W) 550 1m%de40féo(e/\.’(r\f@1 8‘&:& fic

pol ynmeri zabl e conposition. Qther sili‘cone-f ree lens rnlng
nmonomérl$ hiowgiln hoth heinredaless nelede éanSaMHydqdeO@réiasstempﬂagedgents

useful oduci ng th resent. contact | enses

SI|ICOHG%%%H%%§+ g%htghg FeRsddS it (ﬁ?ﬁﬁalﬁn?h&ﬁ?q%ﬁﬁﬁeiY%ngrtﬁé9§885e-

i ndi catfeecerioss| icoki pgoageaet s cobsanplkes eheackykateihyncticanal pzeduethyl ene
oxi de qgligonmers for use in crossllnklng agents_can i nclude oligo-ethyl ene
oxi de TdPfretiRacPGFREE . Cahe C1USHG nkifRg aBEATPLEN DEATEGDME PEGHVELSEGDVA,

T NGDMB&CQ'TLO%QLGCQ@b'd@?lgzﬁg‘BﬁntCR?%&‘?LBe y@l Gal Fx -cbhe gEgsslinki Rgagge@ts are

present in thepolynerizable silTicone hydfogél conmposition inrelatrvely

snall[Beﬂ@btaﬁsuﬁﬁgtpathyéSpdbyyébhnahhe]e@Hpnshtaqa;nsuehuaﬁonmcan anount
rangi ng.f.ro ut _0.1% 00/(w/ or. from apout 0,5% (W w)
to abo%tldS0 30 R(?rac (V ‘Lﬁ td 56’6’&1‘Yfle§%c( | RF3ChyVGei ght

of theilpel merar@m@mwﬂrﬁgtha[&%ﬁt&dmél onaheiydr egelL,OemMponent s.
The silicone hydrogel Iens pol ynmeri zabl e conpositions described herein can
al so MREFAGEYAdErYPERAEL) PbRPYRERLEC] . ENtHMRIWGINGRE e | (Regicktioies, Blue

246, RB-246, available from Arran Chemical Company, Athlone,
Ireland), 1,4-Bis[(2-hydroxyethyl)amino] -9, 10-anthracenedione
bis (2-propenoic)ester (RB-247), Reactive Blue 4, RB-4, or a
copolymer of Reactive Blue 4 and hydroxyethyl methacrylate (RB-4
HEMA or "Blue HEMA"). Other exemplary tinting agents are
disclosed for example, in U.S. Patent Application Publication
No. 2008/0048350, the disclosure of which is incorporated in its
entirety herein by reference. Other suitable tinting agents for
use in accordance with the present invention are phthalocyanine
pigments such as phthalocyanine blue and phthalocyanine green,
chromic-alumina-cobaltous oxide, chromium oxides, and various
iron oxides for red, yellow, brown and black colors. Opaquing
agents such as titanium dioxide may also be incorporated. For
certain applications, a mixture of colors may be employed. If
employed, tinting agents can be present in an amount ranging
from about 0.1% (w/w) to about 15% (w/w), or about 1% (w/w) to
about 10% (w/w), or about 4% (w/w) to about 8% (w/w).

[0085] The polymerizable compositions may also comprise a
demolding aid, that is to say, one or more ingredients effective

in making more facile removal of the cured contact lenses from

33



such as one or nore thermal initiators, one or nore ultraviolet (UV)
initiators, visible light initiators, conbinations thereof, and the |iKke,
one or noOWe 20M/m|ir®er ber agents or conpounds, or UV radi ®CIrars2e0/0808ey gy
absorber, tinting agent, pignents, release agents, antimcrobial conpounds,

and/or. other additives, The term.,"additive" i.n the cantext of .the esent
appl i ég?f‘gn Fer&s t?ﬁer‘é{%‘)ﬁrﬁﬁ?{lnddgwo ﬂ§7n%heﬁilr§lgl age uc%’ ov?ﬁcéﬁo?}ﬁﬂ‘h%
presepi1bydnegel wemtaatylans palivieeri zahie capasidians ehetBerpol yneri zed

hydrogel contact_|ens products, but which is not necessary for the
manuf BeL UFeTr 6F2Rl Ay oIS iddmtgct "PEnSATIG087R [Te POTDREPE zab| @iluent

COMPORE | bORSAME FOTPLLS A0, OLCHBS ALt | G O SUBPOUN IS nbuctorny SRTPOUN

capable of i nitiating polynerization o meri zabl'e conposition.
Ther masopnopamddr s(IHA)e. , propanal or slelvaviolg and kicokodffat itcerspetlad veef . can

be used, For instance, one exenplary.thermal initiator enployed in the
prege flf)?)?é?‘r:aril alﬁ“@l@éfﬁéiosixaﬁ EY%?C?ﬁx{eyi ﬁglﬁ‘ﬁ%f%n s aznfgm =[P 9

(1 sobgtymonigdud el o6 VAZOW)) t64)aboMAZE0E) - B/ pOSS€! sa thels Ohdving
tenperature of about 62 C, which is the tenperature at which the reactive
conpofieht&8ivaly heigberynepngableatdapssirti e lwent shdging ttw pdtytimedd zeot

(VAzaiTT 55y T b ialee g B o I N Brparatars ot Rt " E6 R  er KkEl her

t her mehcreasedt elochomtise,i nnd heetdnposi waoas afrddiei ayentines | SWBUTSs)
azo-bi s-i sobutyronitrile %VAZO gd)@ﬁ 88) 4 whi ch has a ki ck-off tenperature
o f 2BbURCYH ENR 12G PErRRIYAZAICHENRA LI MATHIRS dELLFPBER HoeivPare

availﬁQlﬁaE£ﬁ§1E9898§el contact lenses are described in U.S. Pat. No.
6,867,245, the disclosure of which is incorporated in its
entirety herein by reference. In certain embodiments however,
the polymerizable composition is diluent-free.
[0086] Preparation Methods for Lenses. Various processes are
known for curing a polymerizable composition in the production
of contact lenses, including spincasting and static casting.
Spincasting methods involve charging the polymerizable
composition to a mold, and spinning the mold in a controlled
manner while exposing the polymerizable composition to UV light.
Static casting methods involve providing the polymerizable
composition between two mold sections, one mold section shaped
to form the anterior lens surface and the other mold section
shaped to form the posterior lens surface, and curing the
polymerizable composition by exposure to UV light, heat, visible
light, or other radiation. Additional details and methods for
forming contact lenses can be found, for example, in U.S. Patent
Application Publication Nos. 2007/0296914 and 2008/0048350, the
disclosure of each of which is incorporated in its entirety

herein by reference.
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(WImngton, Del., USA). Additional thermal initiators include nitrites
such as 1 , '-azobis (cycl ohexanecarbonitrile) and 2,2'- azobis

(2- et hylywoapiioaii2sile) , as well as other types o f i niPCratSer1s/osesch as
t hose available from Sigma Aldrich. Ophthalmcally conpatible silicone
hydr o cont ac{L’ | enses ¢an be obtained from pol yneri zabl e conpositions
t hat @@ ri se $FoRF abGHEIHI05% W WSS 2Pdut MOX8YFrew wthe orresehy Hidut

Q-iqﬁﬁﬁiy&e£Oi§b9H%?9a§%@(%&8%,tﬂemeQéQ (rpn -RhePrs At iéﬁ§¥f%§ch in
initiator. [0083] UV absorber may be, e.g., a strong absorber  that
exhi bstattel geistelyoliigho absbepttivn wal desnambetrze dlve Afriamsge ©epacdioed

320- 0 rs..but_Jis relative transparent above about 380 ran.
Exanp %fsglfl%c%’rgu%%r%%%?%p% ?/n%orl%%%]f e%%%ra&?b%?g%phenones and
phot ojpoBs|mer i zaht e BeHIDEIhQZYSBymSHCeRS ZardydrgXy-drs sy ayd @xyeq hoxy

benzophenone , commercially available as CYASORB Uv416 from Cytec
| ndus¥#$eEng WsitaPat er $8¢ 1 UNINIUSAUL 2 nely drgxyited (2ohydabgy, 3Rgueous

met h ) b one a of opa rizahl e .
benz%é?/%ez% e%’, g%ﬁ%ﬁ%l %{gﬁ&% glggi’l % agu%L%&!l%g?o?@Génfcrl&%lﬂgr arto,
At hensrgd@hic USAlvehher phiotopelsyier zabdecndhtabsanbers ssied abbe forowse in
accor(gJr ce wt t}dihe gr sent invention include polynerizable, et hél enically
unsat a];feer&lttr(i i HEEY) sl 1eYFateed HIPRUMES + uPLEBTRENFESr es2Ndnd-he

m Xt ur Bge | hgn@ohyaeaner ahky (RN8A MGio arbMnalsoaker. dfo1Rresaifardgel .
provi ded in an anount corresponding to about 0.5 wei ght percent o t he
pol yregised| e BaRPosi UBOATIt 0 about Presweitdht persseéntl o fpalhanerizable

formulations or compositions do not require extraction with
organic solvents, or agqueous solutions containing organic
solvents prior to hydration and packaging. The lenses, without
organic solvent extraction may be washed with water or an
aqueous solution such as physiological saline or an aqueous
solution of a surfactant or a surfactant component. Depending on
the solubility characteristics of the diluent, if any, and
residual unpolymerized monomers, the solvent initially used can
be an organic liquid such as ethanol, methanol, isopropanocl,
mixtures thereof, or the 1like, or a mixture of one or more
organic liquids with water, followed by extraction with pure
water (or physiological saline or a surfactant solution) to
produce the silicone hydrogel comprising a polymer swollen with
water. In one embodiment, no diluent is present in or with the
polymerizable composition. In any event, during or after the
washing, the lens is hydrated in water or an aqueous solution,
such as a packaging solution. It will be understood that when a
lens is washed with an agqueous solution, as described herein, it
will become at least partially Thydrated. The washing/

extraction process, the hydration process, or both the
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conposition. For exanple, conpositions can include fromabout 0.6% (ww to
about 1.0% (ww o f one or nore UV absorbers.[0084] The pol yneri zabl e
conposi t iwaxussiitB i n accordance with the present i nveRCIrars20mps5@iso
include a tinting agent, although both tinted and clear |ens products are

contenplated, In one exanple, . the tinting agent is a reactive d or

pi gnet S et FRCTF Ve bt 3P O\ﬁnﬁg l&%ﬁqﬁ?tf?)nt ngfor %9 nﬁafleﬁ%e pFS‘EG&t\éS 9%t i ng
agentgsCiad anekagded feguesansl ere¥AlirBzeg 6iGhidl- B GhlIIAri® under a

, 15-di hydroant hrazine-5 ,9,1 ,18-tetrone) , |-Amno-4- [3- (beta-sulf

at oet F§F QR - ofipf Farillcose -y drgasiaguf ineBrfirabhpe gend qaupnise Rt i ve

Bl ue 9)apne @ I r,.of cti ue,19 a o
hydrogi/evf’ﬁsltéetghoa"crwg‘gg %’%E-efg Iﬁ%ﬁ) &i%{&-)glé’s [Si - P?/Zw)- Fr%t ﬁaoc°ryfw/w)

- oxyetdydr ) phenyoam to]wantbr &pd nonerY Reaceive Bl tiee 246t aRBuw24Ghtavat | abl e
from@@r{rg{} %em’ al Conpany, Athlone, Ireland) , 1 ,4-Bis [(2

- hydr'oxyethyf99%anmi no] -9, 10-anthracenedi one bis (2 -propenoic) ester

(RB- 24d39]. Reagid e 1% andl f React] nd
hydr (2)[xyet]hyl et hzg%%%t % B hridardle ocf 9‘3%%%/%%) e heﬁggﬁﬁﬁgﬁaﬁﬁ
tintithe ageonessarte Wi scilseded f opocéyarplieabile U SomPasentodppl imagi orbe

Publ i cation No..2008/ 0048350 ihe di scl OSUH% of .which is inc%tropor,at ed in
its ERTTFRTY Hel efnOBy Pof SPRRCETCELASE Yarfabit8Sti PR AGettSs FotS (e in
accorgance-w 1dhd heaggesent i nvention are pht hal ocyani ne pignents such as
pht hal ocyani ne bl ue and pht hal ocyani ne green, chrom c-al um na-cobal t ous

oxi de, chrom um oxi des, and various iron oxides for red, yellow, brown and
bl ack col ors. Opaqui ng agents such as titani um di oxi de may al so be

i ncor porat ed. For
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certain applications,
tinting agents can be present
about 15%0w0)041526r about

to about 8% (W w)
a denolding aid, that is to
maki ng nore facile renova

Exenpl ary denol ding aids include h
and conbinations thereof.

oxi des,

a mxture of colors may be enpl oyed.
rangi ng from about 0.1% (ww to
1% (W w) to about 10% (w w) PCOUSalOM050849%0 (W W)
[ 0085] The pol yneri zabl e conpositions may al so conprise
nore ingredients effective in

nol ds.

in an anopunt

say, one or

of the cured contact

iflic sil

| enses frontheir
i cones, polyal kyl ene

The polynerizabl e conpositions may

| f enpl oyed,

addi ti dnal | y corrprl S&l_l@rlemmelﬁeh‘ecﬂeﬂlsﬁ\dmnmalﬂ“@rmulaUm con5| sting o

hexanol

COﬁbInat¢Qﬂﬂ¥HFHg
anount @?pggqgmkﬁgg1about

havi ng |r

necessarMhgromignoePiepalemei onof | ux val ues,

el ongatji on break up tinmes (WBUTs) greater than 20

seconds.
| enses
i ncor pa
however

hannl

o Aane r\

nr

onanaol annl and
u\.\JULIIUI ATTO

CUTIUNA CL marTul

r eof .

LIRS

Di | uer

\III_\} PI

% Senpl oyed, are

e

R

td%llly present i

N

atively higher cor

s wel | t er

Cogaifigensreontiapgl | a
Juseddgsrdried in U S

rated inits entiret

Combén%l@ny‘ﬁﬁlrﬁb))abl e

TSR B

}o apout 3
gs of dilue
r educed

wcentratio

s suitable for use i
Pat. No. 6, 867, 245,

,onposition is diluen

herein by reference.

B Wyo,. COMPOSi Ti 0
nts tenJ to, but do

nodul us, and i ncrea

n maki ng hydrogel co

15
Not
5ed

nt act

t he di sclosure of which is

[ 0086] Prepa

In certain enbodi nents

rati on

Met hod
conposi
static

Vdl T OUS
SR B Bt
Qvsdrbimgr orSpepsiamet Ng
(i.e., silicone containing)
(used alone or in

combination with (a))

)Estg.fc LESERQQI C KIIUVVII

| enses,
nmet hods i nvol ve char

t free.
/Ilg A }JUI yllb‘l

o, ©
ﬁ%@fﬁ%lng spi ncast i
gi ng the polynerizab

zabl e
ng and
e

(c) Silicone-free Monomer | (See Table II) 30% - 90%

(i.e., hydrophilic or

hydrophobic)

(d) Cross-linking Agent (See Table III) 0% - 10%

(e) Polymerization Initiator | (See Table IV) 0% - 5%
TABLE II

Silicone-free Monomers

N,N-dimethylacrylamide “DMA”
Methyl methacrylate “MMA”
N-vinyl-N-methylacetamide “VMA”
ethylene glycol methyl ether methacrylate “EGMA”
methoxy polyethyleneglycol methacrylate “MPEGMA”
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conposition to a nold, and spinning the nold in a controlled manner while
exposi ng the pol yneri zabl e conposition to UV light. Static casting nethods
i nvol ve pwouwodimgs28he pol ynmeri zabl e conposition bet weenPCRwSambds@sect i ons,
one nold section shaped to formthe anterior |ens surface and the other
nol d section shaped to formthe posterior |ens surface, and curing the

pol yneri zabl e conposition by exposure to UV light, heat, visible light, or
ot her radiation. Additional detailsAang met hods for form ng contact |enses
can be found, for exanple _in U S _Patent Application Publication No

2007/ 0296914 and 2008/ 0048350, th&rassliskeisure of each of which is

i ncor por en herernmbyx Egﬁﬁﬁnce—f6687f~ﬁffer—tvfrﬁg—the
reacti hﬁm@&?“%émoﬁﬁe ng F i ng ponnPrTl Separated fromthe nold. Iin sone

Si tuat @m§],en§g1y¢b1|dnnah@iry1@tecast nmol di ngeGoDMAtwo nol d nenbers are first
separated bhefore separating the polyner fromthe nmold [0088] The regulting

pol yrref trigdlyl wpeyenwvate r eat ed mnth a masﬁﬁﬁ@clqu|d |nclud|ng but not

limted—to eous tonsT—ot; Fvents,—and—agueous

sol uti %gngﬁgfm%$36ﬂ§ ﬁ% Fﬁ sol vent ?ﬂqﬁgwghshlng treatment can be used
t o renmpyRtifiénseiNcol tivinigether , UNreact edTggmpanent s, byproducts, and the

li ke, and hydrate the polyner to forma water swollen hydraogel Lenses

made usVW@lmﬁﬂwaWb§Ently useful ponnPrV%ﬁble formul ati ons or conpositions

do not e racti-on—w-th—or garnt—¢; yents,—or agueous souti-ons
contaih ?ﬁ?%#@%ﬁﬁ§“§8ﬂ #&nts prior to h g Ation and packaging. The | efses,

Wi t hout trimethylolpropane trimethacrylate “TPTMA”
TABLE IV
Polymerization Initiators
2,2’-azobis(2,4-dimethylpentanenitrile) “VAZO-52”
2,2’-azobis(2-methylpropanenitrile) “VAZO-64”
[0090] Copolymers can be prepared by combining one or more
silicone-containing monomers, macromers or prepolymers, for

example first and second silicone-containing monomers, macromers
or prepolymers, such as combining Structure () and (B)
monomers, macromers OoOr prepolymers, with one or more silicone-
free monomers, such as those described in Table II and a cross-
linking agent, such as those described in Table III. A
polymerization initiator, such as those described in Table IV,
is added to the mixture.

[0091] The copolymers are prepared in the form of contact
lenses using suitable lens molds, for example, made of a non-
polar material, such as polypropylene, e.g., a nucleated
thermoplastic polypropylene resin, or in the form of films made

between Teflon-lined glass slides, by first combining the
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organi ¢ sol vent extraction nmay be washed with water or an aqueous sol ution
such as physiol ogi cal saline or an aqueous solution of a surfactant or a
sur f act anwoconpaneat . Dependi ng on the sol ubility charaeCenissaiomsesed t he
diluent, if any, and residual unpol ynerized nononers, the solvent initially

used can be an_organic liquid h as_ethangl, nethanol, isopropanol
nixtu%ggpPHSngf,géﬁtFﬁe ﬁpkeﬁigﬁj% ﬁﬁXtur28%¢ o%%n%Teﬁnr@l§€§5%?c P?ﬁuids
with daseenstal | awed bynoxlsr acid ot t s piie wWedeit {8 physi okrghcatnsal i ne
or a surfactant solugioné to produce the silicone hydrogel conprising a

pol ymeFP18w8FPENn et h "RACERI-PALONe ERBodEHBMPleno HYI uBRBRLiBIprEsenthen or

wi th 5{35&%@@9 @Qlkﬁymﬁé%uf& anxf%gﬁntcon%wétq]% Oro@f&ls&d%ﬁgé .

washi ng, t ens is In water or an aqueous sol ution, suc

packaghag rsdlds i ane bpeweld, bendindeestoadgntehat abensapbenseds fmashedhai t h

an aqueggs sol tior as_descri bed herein, becone at |east partially
Fea® fSht T

e
hydr a The 7 S extract ;ﬁ?ﬂﬁﬁﬁﬁéir%ﬁ%?aW&FFEncﬁ}éﬁésﬁgu PUBot h

t hewasbilngiext r ast dakcardchly dnalhoR ror 0eEsSeS G REIC K eeRils USTRY a
heated liquid, a pressurized liquid, or a liquid under a vacuum The

si | i cORBSRFdreffel $eaf PEATAYEFat on Wi CoRBr | 3@ ZOBSOMSN) SPSUSOT( W 8
oo R BUATD B AW TOM L gL A0 801 (1
Conpoblisbass The nbidsees opache,pr esent | yasuseflilstpatey meud Zzebl ea  PBS
fgﬁg?%éiggggnvayT%%|%¥égg¥gZggkégg@elggsnggkégE%&%e%A@téhéggggenggnErS
a form of plasma treatment and/or are not treated with a
polymerizable swelling agent after the lens body is formed.
[0092] The present contact lenses can have acceptable
wettability as shown, for example, by various properties thereof
such as, for example, advancing contact angle, water break up
time (WBUT), uptake of wetting solution, and other techniques.
[0093] The contact lenses can have at least one of the
anterior surface and the posterior surface of the lens body when
wet comprising a plurality of depressions with an average
diameter Dbetween about 150 nanometers and less than 1500
nanometers, or a plurality of depressions with an average
diameter between about 130 nanometers and less than about 630

nanometers, or a plurality of depressions with an average

diameter between about 150 nanometers and less than about 550

nanometers.
[0094] The plurality of depressions may have an average depth
from about 4 nanometers to about 100 nanometers, or the

plurality of depressions may have an average depth from about 4
nanometers to about 4 nanometers, £from about 4 nanometers to

about 40 nanometers, or the plurality of depressions may have an
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contact lens material .TABLE | TABLE |1 TABLE Il TABLE |1V [0090] Copol yners
can be prepared by conbi ning one or nore silicone-containing nononers,

macr omer swonoprEpByners, for exanple first and second ®CriuSeneAswMe ai ni ng
nononers, macroners or prepolyners such as conbining Structure (A) and (B)

th f
cuch SerRGRe GURAT; BEaR SRRAEhy palicts 80Bo ke MRRPHE AnRe GTEREEE t hose
descr Thedond Eatc@lindnt A pakynBIhzation idf t HapeesssUER asay hoseedessri bed

in Table IV, is added to the mxture. [ 0091] The cop olgners are prepared in
the fBVRTBPScERPAE TroRs by fy AN s dis Fepes, 2 o@a@%aﬁwés nede of

a nonpgkarpT@terid) . o%ucaeg§ BQ xﬁgon%gfn%av% 9an %J&&CA ggpol?lerﬂ?g astic

polypropylene resin, In t ormo i 78 made betme n-lrne
gl assabbiidedd bynbmesersonblabngtthecnapomeneSsllsted in Table I . The

nono xtures are dispensed into nolds or the slide cavities and then
t he rﬁﬁPthor ?Ee"kF8R58g5 ensegr ERanPfeOrBy Reat Yhght ot Efie BPPEBREI at e

ki ck- oh{ehenpar atdff enabhkt efn C@.%'r%.bbonsl%fé:@é d'rlaglghtnlé% sOF A5y, ar, %O%Qengd
and the polyners are separated fromthe nol . The lenses are then

cont aséedmarehswapet msaan sayaeeus RYH) utuoorabcas: di & vtk ek s WkieS ¢ ber ei n,

to maéﬁetggekenge%ur ense can be h

ed an aqueo
sol ut ron, Psclssed else ergsﬁefgﬁh (y%n é%qihen PR RS %cgg ed in

to about 25 nanometers RMS, or the average surface roughness can
be from about 10 nanometers RMS to about 20 nanometers RMS.

[0096] The plurality of depressions may have a density or an
average density, meaning the number of depressions per 900
square micrometers of surface or the average number of
depressions per 900 square micrometers of surface, of from about
5 depressions per 900 square micrometers of surface to about
1500 depressions per 900 square micrometers of surface, or the
plurality of depressions may have an average density of from
about 80 depressions per 900 square micrometers of surface to
about 1500 depressions per 900 square micrometers of surface, or
the plurality of depressions may have an average density of from
about 200 depressions per 900 square micrometers of surface to
about 1000 depressions per 900 square micrometers of surface.
In one embodiment, the plurality of depressions may have an
average density of from about 100 depressions per 900 square
micrometers of surface to about 1200 depressions per 900 sguare
micrometers of surface.

[0097] The present contact lenses, immediately following
hydration in water or an aqueous solution, may have at least one
of the anterior surface and the posterior surface of the lens

body which has an advancing contact angle of less than 100° and a
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blisters or blister packs, such as blisters using a PBS solution. The
present contact |ens bodies are not subjected to a formof plasnma treatnent
and/ or arwonoti/miated with a pol ynerizabl e swel | i ng ageot/uskaensisne | ens
body is formed. [0092] The present contact |enses can have acceptabl e

wettability .as shown, ., for | e,. by various, properties thereof _such_as,
for e%zﬁ‘fﬁ%,bﬁ%‘%‘é iﬁbmﬁoﬁﬁé@%arﬁf e%/r?\%tf%lf B]Pgﬁkl%&ﬁfeti (YBEAYIS - upfake
of wetddm@ 3ol ukhen,o@n@het here s &ehniigues:t ilR09%3hy TheswONt aet 1 enses 1ean

have at |east one of the anterior surface and the posterior surface of the
| ens BOHYF Swhelht St PXSHPF F QM ngnawpkairalon yrbfagesressfohst Wphh ah deessge

di aneter. b a - er nd.l e . 150 ters r a
ol Ur s Ty o e e R B e e T Dty L a0eT, a0t
nanongtearss ke, |vesiscit hiaans admoubd630c hagoneheast angaeplbodr dleistsy tOfan 100°

depressions with agﬁgggr age .di arr%t er between about, 150 nanoneters and | ess

than &95ut® 5%d-%an FB™ BifS064] FHeA1Fhr BRPRy tdiedelte st oridsmy R&ve an

aver age edepdod i tabotkmdt Nanonet #3551 0L RP o 4 100 Hranopel e sr Qhat RBe
plurality of depressions may have an average depth from about 4 nanoneters

to abggMePusarfsiEierd, fabmlaBstt mapbneher snterdbsutsufawmonedethe or
o LU0l EPLESSIO0S Y DBYE 08451 205 I08L O AU ke
depr essigdes afayl dway el aves ‘agadepta €0 adoiutp 8t aeosEt gksaterabauh 20
nanon%t%g%oﬁgétJK%Fgé”fégé 95 %%B&§S§£?§§'E?&Jg?f%f”ﬁf”ﬁ;?gﬁ ggpigefrom
aqueous solution at least one of the anterior surface and the
posterior surface of the lens body has an advancing contact
angle of less than 100° and a water breakup time of greater than
5 seconds.
[0098] The contact lenses in accordance with the present
invention may have, immediately following hydration in water or
in aqueous solution, at least one of the anterior surface and
posterior surface of the lens body having a first advancing
contact angle which differs by no more than 30° from a second
advancing contact angle of the anterior surface or the posterior
surface of the lens body at least 12 hours after hydration in
water or the aqueous solution, or a first advancing contact
angle which differs by no more than 20° from a second advancing
contact angle of the anterior surface or the posterior surface
of the lens body at least 12 hours after hydration in water or
the aqueous solution, or a first advancing contact angle which
differs by no more than 10° from a second advancing contact angle
of the anterior surface or the posterior surface of the lens

body at least 12 hours after hydration in water or the agueous

solution.
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about 15 nanoneters to about 90 nanoneters. [0095] The contact |lenses in
accordance with the present invention can have an average surface roughness
from abowoORonzeizet ers root nean square (RVS) to about PBU/Usa0MONEISEY S RVS,
or the average surface roughness can be from about 7 nanoneters RVS to
about @Q'S?‘?Eanorret ers RV5, or the average surface roughness can be from about
10 nat ers RS t PEHHRAL 20CARRBAEL el€TRFS. ['GD06] NFHE. pl drEECEptely

depr es$j1QR%, 1Ry £ 148NSi 4y Qfaddl avsfaggndegéhéxusnegehﬂeim? nggt%er of
depressions per 900 square mcroneters of surface or the average nunber of
depr esgitens oger s9@0asquape niley ompetsdrey iofr sepfrdees obff riom aldeuts S5body

depressions per.900 square mcroneters of .surface to ahout 1500 depressions
per 906 '&¢4Fare T oniiers g}ceg‘g}l?agéf“eo?”htlﬁg’ ﬁﬁf;ﬂrist %fnﬁe?}PE@si%%‘ﬁg may

have as ayetragesdefysint yaofsddésa aheile80pdepkessitane per Ik saudkeior

m croneters of surface to about 1500 depressions per 900 square mcroneters
of suPFP&EECeoro% hehpl Modtistyicat Aepkaesi ofis they henve haddvertagkeadensilly of

from g@%&fs 200 dep é%Q%rpeﬁngq/pats&uaE? ”Ek?% Ogﬁ%%%sOf ?89{1@83 19 agout

1000 depressions pe square mcroneters 0O ace. I'n one enbodi nent,
t he plfarakti t yabkrdepresisipnsimgy héniehandavéeage densmd y nafrd r amaaboud 100

depr essi on r 900 square, mcroneters of surface to about 1200 depressions
peP 958%’5‘%&? TR Po it S o"fatsqﬁnﬁ%f%eeaﬁiﬁ%o%]‘e Tﬂg E}F‘%s@ﬂFeﬁbﬁFaéPrE@F@es,

i medbat edie f @dseeineNydiatios IgF Weher 1@nsaANpagyiecits sehyti oy ABYrBave

at leg%%egn%wdration in water or the aqueous golution, or a first
water breakup time which differs by no more than 5 seconds from
a second water breakup time of the anterior surface or the
posterior surface of the lens body at least 12 hours after
hydration in water or the agueous solution.
[00100] Contact lens package. A contact lens package is
provided comprising the contact lens body, such as described
above, and a packaging solution. The packaging solution can
comprise a wetting agent or an agent to help prevent or
eliminate the lens from sticking to the blister package such as,
for example, a surfactant or a hydrophilic polymer. The
surfactant can be a non-ionic surfactant such asg polysorbate 80,
a poloxamer, a poloxamine, or a saccharide. The hydrophilic
polymer can be a form of polyvinylpyrrolidone,
polyethyleneglycol, polyvinyl alcohol, or combinations thereof.
[00101] With respect to the contact lens package, the package
can further comprise a base member with a cavity configured to
hold the contact lens body and the packaging solution, and a
seal attached to the base member configured to maintain the

contact lens and the packaging solution in a sterile condition
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of the anterior surface and the posterior surface of the | ens body which
has an advanci ng contact angle of |ess than 100 and awater breakup tine
(WBUT) ofwonrentwmis28han five (5) seconds. A contact | ensPpofi/ush@opsessent

i nvention may have, at |east 12 hours after hydration in water or an

aqueo sol uti . at l.east one of the anterior face and the posterjor
surfagérog ?hggF%ﬁE BEdy Wi celguﬁé’s?tlgr?ta&\?aﬁcisﬁqge on]t]a% Andte® of LIS t han
100 abnéna.water breakup tinme of greater than five (5) seconds. In one
enbodi ment, imediately follow ng hydration in water and the aqueous
solution, at |least one of the anterior surface and the posterior surface of
the | ens body has an advancing copiagipraRgl e of I ess than 100 and a water
breakup time of greater than 5 secomds—ard at | east 12 hours after

hydr afi00dd2]i n waher forl lble ngguenus] ol titioneatmpeast idnesafratthe @atesior

surface and th gﬁSte” or surface of the I ens body has an advanci ng cont act
angl 2 HPCT B Ot n'ahS 1PHIFC 2l WaERY LB eakup tine of greater than 5 seconds .

[ 009 co t i.n i t invent |
have, DOF0g o RC FoPRoEintn BfeaIaReBY Sid RSty SRl
| eastamhesofuttherant &re onsasdir facehandkgpostesi or surface of the | ens body

havi n@ g%él rst_advanci ng%cont act angle which differs by no nore than 30
from B0 ond MR AT g 2 JRPENPS R B WPXYCRNAt r$ BPLIRAT9%ce or the

post esbDFd SHEEREEs Pfokdice | ens pady: alspastidd howrs afdRighydration in
wat er or’ the aqueous solution, or a first advancing contact angle which
di f f eMsrpisvbl her ePA hdiS20. from a second advanci ng
[00105] MCS-M11 = A monomethacryloxypropyl terminated
polydimethylsiloxane (Gelest, Morrisville, PA, USA). A

structure thereof is:

pE

O,
~ /\%{ Si \ﬁ/ g:/\v/
NSk oy I\o% \o’):

MCS-M11

[00106] FMM = A silicone-containing component as previously
illustrated (Shin-Etsu Silicones of America, Akron, OH, USA).
[00107] M5A = A silicone-containing component the same as, or
similar in structure to, hydrophilic polysiloxane macromonomer A
described in Example 2 of U.S. Patent Application Publication
No. 2009/0234089 (Asahi Kasei Aime Co., Ltd., Kanagawa, Japan).
[00108] X22-1622 = A silicone-containing component as
previously illustrated (Shin-Etsu Silicones of America, Akron,

OH, USA).

43



contact angle of the anterior surface or the posterior surface of the |lens
body at least 12 hours after hydration in water or the aqueous solution, or
a first awoandimgs26ont act angl e which differs by no nor @Crhsr01005d87om a
second advanci ng contact angle of the anterior surface or the posterior
surfaﬁgngé t he I%ns gody at least 12 hours after hydration in water or the
aqueol | uti &R TE6699] The Pt eseht!tomieictot ey 9ray RAVRONERFrdi afel v
fol | opregibydngt i omudt MH&d QEn2R -2GUGOUS: BRIHAONort NEnANT L | ORy SHET ace
or the posterior surface of the |lens body having a first water breakup tinme
whi chO8#i f P8RS -by no nore than 15 seconds from a second water breakup time
of th riot,. face_o e posteriqgr suyrface of the |ens body at | east
12 hoﬁyéTgftersﬁggéafigﬁ-&ﬁgaﬁngi8FYfﬁéh¥§E8ﬁﬁgrQBV P?Xk or a first water
br eakgpobiymeiwhtehmdihiees 1B¥yNomERhe1EhaAnd0 sgcapdscthem anseegpd wat er
breakup tinme of the anterior surface or the posterior surface of the |ens
body af‘least 12 hours after hydration in water or the aqueous solution, or
a first water breakup tinme which differs by no nore than 5 seconds from a
second water breakup tinme of the anterior surface or the posterior surface
of the lens body at |east 1Zyhours after hydrat®mn-in water or the aqueous
solution. [00100] Contact |eps package. A conta&r | ens package is provided
conprising the contact Fﬁgsggud , thr@s destrigped above, and a packagi ng
sol ution. The packagi ng sal ution c conprise acdyetting agent or an agent
to help prevent or — g

[00111] Tris = 3-[Tris(trimethylsilyloxy)silyl]propyl

methacrylate. A structure thereof is:

. E‘) ?Si(CH3)3
Hzcz(lll—c--O(CHz.hS"i —O0Si(CH);
CH, OSi(CHz )5
Tris

[00112] DMS-R18 = A methacryloxypropyl terminated
polydimethylsiloxane, as previously illustrated (Gelest,
Morrisville, PA, USA).

[00113] DMA =N,N-Dimethylacrylamide.

[00114] VMA = N-Vinyl-N-methylacetamide.

[00115] MMA Methyl methacrylate.
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elimnate the lens fromsticking to the blister package such as, for
exanpl e, a surfactant or a hydrophilic polynmer. The surfactant can be a
non- i oniwo=nrifEei2zant such as pol ysorbate 80, a pol oxameCT/Us2@ol0608am ne, or
a saccharide. The hydrophilic polyner can be a form of

ol yvi rrol.idone, | yet hyl enegl ycol , _pol yvinyl al cohol, or

gon%ihgﬁb s th@&gof.h?§6%5¥F¥%Vﬁh%F£EESEV1g5ethe contact |ens package, the
acka fu r_c i a i i Lgured to hold
Phe coael | oy g e Satkas n eslurronr Sapr g et o

t he bid18knbeEGDHAS FgEtagleacnyilptailndtihethantgthtbens and the packagi ng
SO|UthﬁH§h£ a sterile conditionfor a duration of tine equivalent to a shelf

life e coREBlA end™l (EXAVPERS PoOUT0?] ®hBeEBRF&WLAGSRON-1im ting
exampiizbf | UStERBG=CE! haiN-BApechs gh,Lhe) PhESENl, I gygation. [00103] The
fol |l owm ng ‘abbreéeviations and correspo ng- conpounds and sfructures are used

i n thepoe2pnpl eyazb@0EQ4E MR MiZobiA (MBBBORYRaALYLOXYPr OpYl term nated
pol ydi net hyl si | oxane , as Ereviously illustrated (CGelest, Mrrisville, PA,
UsA) [00133h 05] PRES=MLRhespahabRohet hatedl sy pnepyR ond; npHafed )

0oLV SLBE, SELSTo MELSLLL PA BA  ASERYELYY el o
PC, LIPIDURE®, NOF Corporation, Tokyo, Japan).
[00124] VB6= VAT Blue 6 (7,16-Dichloro-6,15-dihydroanthrazine-
5,9,14,18-tetrone) .
-[00125] EHMA = 2-Ethylhexyl methacrylate
[00126] IBM = Isobornyl methacrylate
[00127] AE = Alloxy ethanol

Preparation of Contact Lenses

[00128] Polymerizable lens compositions were prepared by mixing
various combinations of the ingredients and components as
indicated by some of the Table AB below. The lens formulations
were formed into lenses in the following general manner.

[00129] Contact lens molds were injection molded from non-polar
polypropylene resin using conventional injection molding
techniques and equipment. Each contact lens mold included a
female mold member that includes a concave optical quality
surface for forming the front surface of the contact lens, and a
male mold member that includes a convex optical quality surface
tor forming the back surface of the contact lens. The female
mold member can be understood to be a front surface mold, and
the male mold member can be understood to be a back surface

mold.
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illustrated (Shin-Etsu Silicones of America, Akron, OH USA) . [00107] MA
= A silicone-containing conponent the sane as, or simlar in structure to,
hydr ophi IWO 2palossi2Boxane macr onononer A descri bed i n Exaoplus2@00808T) S.
Pat ent Application Publication No. 2009/0234089 (Asahi Kasei A i e Co.

Ltd awa, Japan [0 X22- 1622 A silicone-contai ning corrponent
as prébﬁ?’g@ ly A1 ug‘f“f’ ?ggPh Fet 80 gt ccf?ﬁ_as gfe ARSHYES T 1IRekde  dENSUSA)

001Qmp¥&d +1620 v A lddé&@n%%@h@&&ogﬁ P&a hEVie
i I[I us% ed EtShI nwlg_;lt supiS| | i cones of Anerica, Aﬁr oné 3§, . @ 8%%%010(%]

Si GVA"@“@DBEI Met A&Er yidks - molhy dressksgn opysow)aqﬂdopym blcpnattamtmhg/lhsthexy)

met hylg r e f i 0111

(tri )r/re'?rrﬁy 71si 1 oxyrg‘l H U%Eo 3‘1% m?t}heac? f il js?rﬁ%?ﬁrgofnﬁgrgé&lofls:

Tris ﬁm@@slﬂz:}cam\& Ri8 = /ésdmiattacryémyphapw tdaﬁzmt@ratmrﬂw yeé ey | shkoxane
as previously illustrated (Cel est, IVbrr| sville, PA _USA) . [00113] DMA

=N, I\I-SOHEF‘F()?I SRFRPSR G | Ehooiemg L s/Nee - e T - Aodet Byl aeBvat gerfareo115]

=cketyt mRikackyh at end BRLL6] HEMA R Rydrpxyet H%h yl 0117]
EGIVA 2 Et hyl ene gl ycol nethyl ether met ﬁngc?éyl ate. Fbélgl %)M&?éledEt %3% ene
gl ycobogiivdrhady| ate intp@GerehcEEGINA befwéerf ebhylesrigtginadol Jegion of

d'nEtgﬂ%r¥ %g%e and male mold members.

[00131] The contact lens mold containing the polymerizable lens
composition was then placed in an oven where the polymerizable
lens composition was cured at a temperature of about 100 °C for
about 30 minutes. After curing, the contact lens mold contained
a polymerized contact lens product within the contact lens
shaped cavity.

[00132] The contact lens mold was removed from the oven and
allowed to cool to room temperature (about 20 °C). The contact
lens mold was mechanically demolded to separate the male and
female mold members from each other. The polymerized contact
lens product remained attached to the male mold member.

[00133] The polymerized  contact lens product was then
mechanically delensed from the male mold member to separate the
contact lens product from the male mold member.

[00134] The separated contact lens product was then washed in
water, hydrated in PBS and subjected to various test procedures
to characterize the hydrated contact lens product. In certain
instances, the contact lens product was tested dry, that is with
the contact lens product in the dry state, e.g. prior to
washing, extraction or hydration, or after drying to remove

retained water or solvent.

46



[00120] TEGDVE = Tri (ethylene glycol) divinyl ether. [00121] VAZO (r) 64
2,2 '-Azobiz (isobutyronitrile) . [00122] PBS = phosphate buffered saline
(20mM  phxd 208/0413200123] MPC = 2- et hacryl oyl oxyet hyl piroSfaiseo1plosisa i ne

( HEMAPC, LIPIDURE (r) , NOF Cbrporation Tokyo, Japan) . [00124] VB6= VAT
Bl ue oro 15, - dro ra2|ne- 5,9 ,14, 18-tetrone)
[0012@ él&?ﬁ% £o5 %T‘ﬂ%ﬁ%}%%@?hﬁ%? ’f%ﬁza] I BM = I sobor nyl

et hagpyist e [@HéZ%p%@mpﬁy Xy %eargq{té%rfcp@rgﬁgog; QA LQRac, LeNses

[ 00128] Polynerlzable ens conpositions were prepar 3 by m xi ng vari ous
conbi pat itdres gbnthet|dgned|enbéuand canpopemtscaéarndﬂuatednbyc$oM&mﬁ t he
Tableb § below Thecken n%Iatlons mere]for dinto lenses in %
fol | oW Y- gensFal “HEAneP ?ﬁﬁ 29] &6t ad A &S ol e €GNt | 'O Fol ded
f r om moerpetepy Pohymy opyene T188d FunS t Qe RONVRE | RA3I al N’Je%%td obgwl dimg
techni ques and equi pnent. Each contact |ens nold included a femal e nold
membef Lt H%Ftorﬁurm @ESea UbAEATECBPY | C%EPl%uéMtye§GPf aBSEBRMEBRE i N he
frontggiria he egNt 'e“?‘hl q.2cm %nfED'Q g® dtQﬁbnkﬁg' des a

convex optica qua ity surtace for ornlng the back surtace 0 cont act

| ens tagmpend enmadle, nwi dhnenberncantbe odinde s Hxochrido demra i surf@ero nol d,

and the nal e | d nber can be _understood to be a back surface nol
.[001‘%?%%2%8%?@?&%‘&0% nsf’xag CHE 51 nRRF 2 4076 O gRicrons . the

data was analyzed using the following software: Image analysis

version 2.1 provided by Veeco Instrument, Inc.

The following procedure wasg followed:

[00136] The Veeco CP II atomic force microscopy running in
tapping mode was utilized to take the dry and wet lens images.
The wet lenses tested were in PBS solution. For gpecific lens
type, 3 lenses were tested to take the atomic force microscopy
(AFM) images. At least 3 different areas were scanned on one
lens sample to collect the AFM data. A wet lens sample was
taken out of wvial or blister package, and mounted on top of a
polypropylene mold submerged in  PBS solution. Surface
topography images  were subsequently taken in a liquid
environment at different scanning sizes (10umx10pm, 20pumx20um,
30pumx30um, 40umx40pum) with a scan rate of 0.5Hz. Dry lens
samples was fixed on a clean stainless steel wafer using double-
sided carbon tape and tested in a dry condition at different
scanning sizes (10pumx1O0pum, 20pumx20pum, 30umx30um, 40umx40um) with
a scan rate of 0.5Hz. The surface depressions were further
analyzed using Image Analysis v2.1 (Veeco Instrument Inc.). The
surface depression distribution or periodicity number was

counted from the AFM images in a 30umx30um area. 50 surface
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conposition was placed on the concave surface of the fermale nold nenber.
The mal e nol d nenber was placed in contact wwth the female nold nenber such
t hat the wolzynemiabl e | ens conposition was | ocated i n &CTAISLEO05082NS
shaped cavity fornmed between the concave surface of the female nold nenber
and the convex surface of the male nmold nmenber..The male nold nber was
el d PR SRrL e B TR er BHES 4 Dot RIS FBF| BHEFaECr BPORESF ¢ he
f emal enandatral-egeoldbgmibers thé 0GkpHesBiorconhacind engmol 2§68t ai nithg t he
pol ynerjzabl e | ens conposition was then placed in an oven where the

pol ymBAOZABIE /| RS cERPGsi TN WasaEEr etRME) arcegpBessuresf cabsulated C

for aboutho3Q1D QULES o ALLELCULENG, o faNh At Leps ol d contained a

pol ymeri zéd contact | ens product wthin the conta ens shaped cavity.
[ 001320013 coMbaet [Bersknuipd Mas: r @EWEd. froivt heo ovest: ang, akl ovwed te cool

to roomtenperature (about 20 C_. The contact |ens nold was nmechanically

dennlﬁ@&kﬁgp§ébé}a?% P%eﬁ%ﬁ%%z#ﬁﬁf@ﬂﬁléqn%Q?%ﬁyﬁﬁH%O¥¥%n1é&@ﬁdéﬁﬁéﬁy The
pol ynpeirzed centacl,! ens products ramided atiached docihe pabe &dtﬁgﬂber-
[ 00133] The polynerized contact |ens product was then nmechanically del ensed

f rom hagivhl @hot tneedberseaprsparlade tihe tedmsactot enbepmedigat film the

vashed A Nat e i Lot (1L HEE At SUb GEL Bt e ol Va7 | outs 86t ChF BbeUr es

to chanaet ewazert BeThydtawedTgont act | ens product. In certain
[00138] Advancing Contact Angle. The advancing contact angle
can be determined using routine methods known to persons of
ordinary skill in the art. For example, the advancing contact
angles of the contact lenses provided herein can be measured
using a captive bubble method. Advancing contact angles of
silicone hydrogel contact lenses can be determined using a Kruss
DSA 100 instrument (Kruss GmbH, Hamburg), and as described in D.
A. Brandreth: "Dynamic contact angles and contact angle
hysteresig", Journal of Colloid and Interface Science, vol. 62,
19717, PP. 205-212 and R. Knapikowski, M. Kudra:
Kontaktwinkelmessungen nach dem Wilhelmy-Prinzip-Ein
statistischer Ansatz zur Fehierbeurteilung", Chem. Technik, wvol.
45, 1993, pp. 179-185, and U.S. Pat. No. 6,436,481, all of which
are incorporated in their entireties herein by reference.
[00139] As an example, the advancing contact angle can be
determined wusing a captive Dbubble method using phosphate
buffered saline (PBS; pH=7.2). Prior to testing, the lens is
soaked in pH 7.2 PBS solution for at least 30 minutes or
overnight. The lens is flattened onto a quartz surface and
rehydrated with PBS for 10 minutes before testing. An air bubble

is placed onto a lens surface using an automated syringe system.
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i nstances, the contact |ens product was tested dry, that is with the
contact |lens product in the dry state, e.g. prior to washing, extraction or
hydr at i orwoan11zit®s drying to renove retai ned water or ®orusSat10/0ksrhods for
Characterizing Lens Products [00135] The topography of the anterior and

posterior surfaces .gf the L~cqnt | ens roducts in partlc | ar t he.contact
| ens tb‘rlg |e‘§él% ggcht%pero ucts arc'nallqy Sd UL R AT Ol #I%Ce ?ﬁ%ﬁ%sgf?py

(AFM obtBhe itsd rmlmhﬁgeé V(/&$1ea p\lee@advuﬁi@aﬁédlwﬁé@nheclfeéeeng
M cr oscope sold by Veeco Instrument, Inc., Santa Barbara, CA USA. This

i nst r GRENtP %1%5%62?%&% qhete%w%uﬁedéng\lﬁhtéil%cehaeeele ebteisefz and
scan %éelsdgfcgégé:}[g M g0 %bbggxé.lg ef.crons, 30x3 0 microns and 40x4 0

m crons. The data was ana yze using the fol I ow ng software: |mage anal ysis
versi (00120]L pr stbded byoNeecd |Imsdranent sthicc Thentabt ovimglfr ecedube was
foll owed 580136 The Veeco CP Il atom c force mcroscopy running.in

t appi f N&As YR 119 zEQUEdNEakB  IRARIr FRaWE Vied PERSOPRudgds. OTRANAEY

! enseek&eit 66 weke hPe PBEgolditdie Fornspeehii 6 h%?l%atclép%nqié SosgSpLer e
tested to take the atomic force mcroscopy (AFM images east

di ffedeherameesl Wes g canneapoiveonbubbhs gerpdiad t oocolusetatgthe D@M dapa. A
wet | ns sa | e was agiag out . of vlgr or b ka nd frount e
top o tgr po r?ropy en |§YS&Emer{g oS ngméléf%tl Ig'@ﬁ’lﬁeice ]fjocb%gggphy
i mageseweiagsubsequestd yid akeakéd anl pguizd cemdy auRiat i f et edkast
scanni g, 51268, (L, Aan e, Q. 20me 20m.
[00141] Modulus. The modulus of a lens body can be determined
using routine methods known to persons of ordinary skill in the
art. For example, pieces of a contact lens having about 4 mm
width can be cut out from a central part of a lens, and modulus
(unit; MPa) can be determined from an initial slope of a stress-
strain curve obtained by the tensile test at the rate of 10
mm/min in air at a humidity of at least 75% at 25° C, using an
Instron 3342 (Instron Corporation, Norwood, MA, USA).
[00142] Ionoflux. The ionoflux of the 1lens bodies of the
present lenses can be determined using routine methods known to
persons of ordinary skill in the art. For example, the ionoflux
of a contact lens or lens body can be measured using a technique
substantially similar to the "Ionoflux Technique" described in
U.S. Pat. No. 5,849,811. For example, the lens to be measured
can be placed in a lens-retaining device, between male and
female portions. The male and female portions include flexible
sealing rings which are positioned between the lens and the
respective male or female portion. After positioning the lens in
the lens-retaining device, the lens-retaining device is placed

in a threaded 1lid. The 1lid is screwed onto a glass tube to
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30mc30mh, 4 0 mp 40 mp ) with a scan rate of 0 .5Hz . Dry |l ens sanples
was fixed on a clean stainless steel wafer using doubl esi ded carbon tape
and test edoi2o112040829 condition at different scanni ng sizesT(US2@01080879 Onp , 2
Omc 20mh 30mc30mh, 40nmhc 40 m) with a scan rate of 0O

.5Hz . f e LONS re further anal yzed usi ge.Anal ysis
v2 .1 d(eggglcezt% n@%ﬁ%ﬂegﬁlg?ﬁ%g) . T#{%e%so lﬁllré accg1aL B esstdrcdi g?}#%ﬁt W&ﬁgoﬂ‘ .
peri odilcidfy MunbeslawmsNaolLnsetuttom t herdEdlirpRgeshhRbar30am &e3 £Q 1Mepi

area. 50 ,surfacedepressions re further analyzed to obtain the average
di arnetwel?thanEEJJ aVer &je %%ﬁ%t‘ﬁ%tﬂ’épr &88fsn 9th e ARMIAREEELY| ReteT

addi tixg®, itri@ R0t irreaahéoa@f@niE@@)Wa@@ghags&@/%eeéh@%gt %ﬁa@gwa e
sane software for different lens types. [00137] Water Break Up Tine ur)

. Pri@r $biredidmhgisa 3ddedi $osobked dar<d wiingpf chaebhrPBIHor rateieasty 24
hours. .| i at_el fore testin the lens is shaken to renmpve._excess PBS,
and tﬁga]%g;%g{t ﬁso#}ﬁta}%ﬁeecpilﬁq s%céokrl]%%hcf Cia e aﬁ% ?%?‘p?ﬁ%t%‘?&sff’?ﬁgt gt
recedebbuam she |@ns FuwEldes | shdet@smbnedzent@r Wat efmhE L8k U | BBe
(wat er BUT, .or V\BUT% ) . [.00138] Advancbr%g Cont act Angle. The advancing
cont aéECERYIE9c aRlBEPEEL e MR HEHE UG H r Gt | RenAeEhdds Eknovdn t dpetsbas of

or di nak¥r§Kid Iniduddie 85t. ag_g{lteé@mgrli%utte@e a%va&ncﬁ' f&nﬁlfﬁﬁtgggégﬁggf the

contact |enses provided herein can be measured using a captive
met hodmmagganei it colne adnamgldwmndfersi inconehby dreagelvicont aeicdmbenseshean be

doscr FBBRCeRTBEEy A vELERS BPBen o By RAR-Lc Bt AEPSBAGFoS AHALABRRACE angl o
[00143] Tensile Strength. The tensile strength of a lens body
can be determined using routine methods known to persons of
ordinary skill in the art. For example, pieces of a contact lens
having about 4 mm width can be cut out from a central part of a
lens, and tensile strength (unit; MPa) can be determined from
testing using an Instron 3342 (Instron Corporation, Norwood, MA,
usa) .

[00144] Elongation. The elongation of a lens body can be
determined using routine methods known to persons of ordinary
skill in the art. For example, the elongation (%) can be
determined using an Instron 3342 (Instron Corporation, Norwood,
MA, USA).

[00145] Oxygen Permeability (Dk). The Dk of the present lenses
can be determined using routine methods known to persons of
ordinary skill in the art. For example, the Dk value can be
determined using a modified polargraphic method, as described in
A gingle-lens polarographic measurement of oxygen permeability
(Dk) for hypertransmissible soft contact lenses, M. Chhabra et

al., Biomaterials 28 (2007) 4331-4342.
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hysteresis", Journal of Colloid and Interface Science, vol. 62, 1977, pp.
205-212 and R . Knapi kowski, M. Kudra : Kontaktw nkel mnessungen nach dem
W | hel ny-Woi2ori/q@188n stati stischer Ansatz zur Fehi er beurCeiuseong/os987€hem
Techni k, vol. 45, 1993, pp. 179-185, and U S. Pat. No. 6,436,481, all of

whi ch incorporated,in their entireties_herein by reference. [00139] A s
an ex@ﬂéﬁ@, th%g‘éﬁ IREINY IGhedct CUMGRRE cARVEE - deths nVRBET uSE SR tcapt i ve

bubbl engephedeHsi NgnpBasphat & bWdened wal s APBS PR/ -n%%thocf’é Ok o

testing, the lens is soaked in pH 7.2 PBS solution for at least 30 mnutes
or oveenpghsonFhef| endineryl skiiédedronte amuarftar saxdrgre arml edyared ed

wth : 1 i nutes before testing. An air bubble Ls placed onto a | ens
surfa%g?héﬁ%ﬁl% %X@é:l? gﬁat%@%@% nS[SHEys i Phe rselnﬁjé’eéf lrtjﬁcé’%aiarn btEbT e Ean be
i ncr ensedi @ndwdeeteasedrénowdt akBebBe gaTRdangvangt e fhhe wliateau opiai ned
when increasing the bubble size) and the advanci ng angl e ét he pl at eau

obt ai ¥RtEMFRn 1686 e ndtare Babsidesd z&n a2 00120 &bt aBPR GontREETAMYI e.

St at i 5 Qoith acty ANgk-§C det ' usj nQut i hods,, knawn.
per son% of orcﬁ nar I§ﬁsek;a(I@Irp‘lgcril ?heg{sglr ?ggFo?hggan%e%?ﬁg%g'at ?légco%a%& Angl e
can beigeteemidmedsusigipanicapt | b bullilm aretrgodt her waesiong a0 DSAh&0031y op

shape, anal ysi s stem uss, ur.g, rogany) .. Prior to testing,, the
I enseil%nsso%]ﬁ%ra E epY!F;ﬂSgEng 55?2[}[%}}]8%&}:(%& gtaerﬁs)eagp%@’a}ﬁ%tcéjéﬁcﬁm%v%?)ni ght .
[0014d dvbslulwisighd hei fibshd ise Oy @rd s wodyhCanty det er mi ned usi ng
routi ne nmet hods known to persons of ordinary skill in the
[00147] Center Thickness of Lens (CT). The CT can be
determined using routine methods known to persons of ordinary

skill in the art. For example, the CT can be determined using a

Rehder ET gauge (Rehder Development Company, Castro Valley, CA,

USA) .
[00148] A series of 16 contact lenses were formed and tested as
described above. These 16 lenses were formed in polypropylene

(nucleated) molds from the polymerizable compositions listed in

Table AB.
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art. For exanple, pieces of a contact |ens having about 4 nmw dth can be
cut out froma central part of a lens, and nodulus (unit; MPa) can be

det er m nesiof2oom4a323i ni ti al sl ope of a stressstrain curvecohtsaimososny t he
tensile test at the rate of 10 nmimn in air at a humdity of at |east 75%
at 25 C, using an Instron 3342 (I,?%é£18n Cor poration, Norwood, MA, USA)
[00142] Il onoflux. The ionofl ux of eh® bodies of the present | enses can
be determ ned using routine methods known to persons of ordinary skill in
the art For exanple, the ionoflux of a contact lens or |lens body can be
neasured ¥8i ng la [t échnd quet suBstiaftial |y &i|n9l arl0t p i he 12 |[oFof | x| 15 | 16

'tI)'eChrlFthlﬁf% desa:rlt Fed | XD- y S. pcalt X5NDR7-5| BA ,m:i-i-s- FOE eb@ K Tshf bﬁnzsﬂ
e ngasured ¢ pl aced, i n nstretajniing deyic etvieen|nal £ an

f emalle portiogg. $Re ﬂéle&an&gfeﬁélag%o?#ﬁcﬁg iﬁg|J f$%exi®Bl ¢ 1¥ent i nig®
ri ngs Inghndett gre posi ti oned hetwedfh the | eng and the respedtive nmal @40rDF
femal e pQrtian. After positijoning the lens |in the |ens-retiaining devicg,
the llens-retdining device ig placed|in ja threaded |id.| The lid is|scrlewed
onto Bmﬁ?ass tube todefijne g domor chanber. The dophor |chanber |can| be filljed

wi t h| MCraMonf| 0.1 nolar NaC| solluti pss |[Asrecei yi ng| chanber, can be| TiT]led
with % r@l ofr—deirontret—wat-er—l-eads—of—t+he—econduetivty—eter—are—+nmersed
) V117! 17 P, s )

in the delonilzed | water of the receiVving chanbet and aistirn bar is adde?g tlo

the 1 &¥8fving 3hanber. Th8 riélei ¥6 ng chanber20i $3pl p2ded 27n |&2t hée npst at  and
the tepreratyre s heid jat—gbout 35 C 1 Fimatty;s thg doporghagber—i—s
i mersed in tthe tecel ving chanber asurenent s of | conductlivity chan he
X22-1622 30 i
t aken
X22-1625 16
SiGMA 25 |20 20 |23 20
TRIS 18
DMS-R18 3
NVP 40 |49 50 |50 46
VMA 34 |34 |45 44 140 |45 |50 [45 [43 45 45
DMA 10 |5 5 12 5 s
MMA 23 [14 |10 14 |10 [5 |10 [15 [4 |10 |14 [12 10
HEMA 10 |5 8
MPC 5 |7 4
EGMA 12 10
EHMA 14 2
BVE 6
TEGDMA |08 [0.8 |08 [08 |15 08 |12 0.1 Jo1 [o1 [01 [09 |08

TEGDVE 08 {05 (04 {01 {04 |02 02 |04 |04 |01
EGDMA 0.6
IBM 6
AE 0.3
Vazo 64 03 {03 (03 |05 (05 |05 (03 |03 {08 {05 (05 (03103 05107

n-propanol 15 | 15 13
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every 2 mnutes for about 20 mnutes, starting 10 m nutes after inmmersion
of the donor chanber into the receiving chanber. The conductivity versus
ti me dat awehroulididze substantially linear. [00143] Tensi PeTStSe@nysd879 The
tensile strength of a |l ens body can be determ ned using routine nethods
known to persons of ordinary skill in the art. For exanple, pieces of a
contact |ens having about 4 mMmw dth can be cut out froma central part of

a | enpo1a9yd tensidersis engt hobwnblei MP8) cam Pesdet exghnedkr Omf?fé%éfg
using an Instron 3342 (Instron Corporation, Norwood, MA USA) ." [00144]
El ongaPnbact THerwashgaeiren dfsa keasebodys van BEMdeter minadyzasi sgriace i ne

nmet ho o] rsons- of ordi.nar kill in the art. Far anpl e, the
eIongg§P§ﬁ9%§&§éaﬂﬁﬁﬁﬁae%g?ﬁ?ﬁe fﬁ§¥ﬁ%fa%OT%%¥?b%1§%4?V€P&$?ﬁ8h 1&nstd
Cor powai thnhaier woad subhecth) to ROFHAR X ygensmRerdmaliddity {dka padhe DK

of the_present |enses can, be determ ned using routine netgods known to
per son &Fedrdi FRRPYLRKFEF 189 PRECEFESSForinsdaing AVRIRR® v dlems esarm e

det ergipedypsiag amRdisf i etbnobangrapii ¢ ”EEQQQanaénsieS.%?J)t?ed @hfz\;nm
si ngl e-1 ens pol arographi ¢ nmeasurenent of oxygen perneability (DK) tor
hyperieasesi dSabféosoef tTwigkeadtan, erigds, am . tBhhaBUHUEP AASYH omtexd al s 28

(2007 i U0mp LBl ORI GE SOlLS (UL, TRRISL .

to persionsonf vasdbhrargarski | tndn, t bacasbnvielegxanpl eysm hydmaied shddgone

hydrggfgoCoﬂégfédéengogggrgfa{f;nvgigifégQQUIfgﬁgggm;which have Dbeen
subjected to a form of plasma treatment as part of their
manufacturing processes, including PUREVISION® lenses (Bausch &
Lomb, Rochester, NY, USA), the PREMIO™ lenses (Menicon, JP), and
the NIGHT & DAY® lenses, the O20PTIX® lenses, and the AIR OPTIX®
lenses (Ciba Vision, Duluth, GA, USA).
[00150] Certain results of these AFM tests are shown in Figs.
1-4, as well as in Table AC. In addition, Figs. 5-18 show
photos of the lens surfaces.
[00151] The size, depth and density of the depressions, as well
as the RMS roughness of the anterior/posterior surfaces of each
of the test lenses remained substantially the same, for example,
+ between 10% and 15%, whether the AFM analysis was conducted
immediately after hydration or 12 hours after hydration or 24
hours after hydration.
[00152] As shown in Table AC below, and Fig. 1, the average
diameter of the surface depressions in the contact lenses
produced from formulations 1-14 and 16 is in a range between
175.7 nm to 615.8 nm. Some of the formulations of the present
invention have average diameters of surface depressions in the

range, for example, between about 150 nm and about 1500 nm,
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liquid, wiped to renove excess surface water, and wei ghed. The wei ghed | ens
can then be dried in an oven at 80 C under a vacuum and the dried | ens can
t hen be wOghud4158Be wei ght difference is determ ned byPsuhtSe@ons0sget he

wei ght of the dry lens fromthe weight of the hydrated | ens. The water

content.(9% is.the (wejght dif ferepcel hydrated weight) x| OO _[00147

Cent eﬁgejl_'&]"f/%ﬁlngs}:)sou%f ﬁdngq’? (fﬁé a$ﬂ89§35aﬁl%e%§éiwe‘?ﬁ% ri%b"lﬂ'si %%‘g r B0t F‘%Q

met hod®okiBOWEd® PRI SGRSweknordbdas y1$ki ki idnd hgpaut. sHer exanpkewethe CT
can be_determ ned using a Rehder ET gauge (Rehder Devel opnent Conpany,

Cast r P9I é¢0 OR aushpboytoPBBnmy <F | katwien calont a2t0 | ensesdwebeutor med
d d i b : i |
and teshed,as eﬁmé Egnhoyve eIQesfemﬂf %c?ﬂﬁ&fae'f&? Relrifi%gt%e;ﬁ? ﬁglfég%ggy ene

(nucl eated) nolds fromthe polynerizabl e conpositions AB
. TABLEcpBES6148] dAasertiees odf 1ldovner airal | yoAviahe abbemsitigbhe hydidgple

contact | enses re also tested usjng, AEFMto anal yze surface topography.
Thesegﬁgﬁggs qﬁﬁvﬁ?ﬁe Egﬁre]r%?%ﬁsf ywb%gpl BT | BREe LM cAVRATECREL gi'équbf‘ect ed
to a Eerm Ofofp::\%ﬂr@sn‘iaf eat PRt &St & park of their ApRyict urd g procegses,

i ncl udi ngﬁAVAI (r) lenses and BIOFINITY (r) |enses (CooperVision,

Pl easBAPBANIER] ledsasr.TI ke CLARSES ™( Saufdesh, ame thenFGVUBY iedsehk
ACWLUE, (1, OASY§$;, 1lalgns AE:]L%JM (%}l AN r% | enses, and AC%:J\/UE (r)
TRUEYE%t n%rl enses (Jo nsoﬁ‘g&eﬁo nggn |§?%%/6Cac(r§%§)r AeT M JacksonV T RS FL,
USA) . ddheckensaes alisth i hetagwte eosmagei alilameaasaid athen| ensesiamiicch haye been
subj egt ed io a formof pl asm tre%t ment as part of their .

ormulations 1-14 'and 16. The lenses which have been subjected

to a form of plasma treatment (i.e., the PUREVISION® lenses, the

PREMIO™ lenses, the NIGHT & DAY® lenses, the 020PTIX® lenses,

and the AIR OPTIX® lenses) either have no surface depressions or

surface depressions with somewhat larger average diameters, for

example between about 400 nm and about 800 nm.

54



manuf act uri ng processes, including PUREVISION (r) | enses (Bausch & Lonb,
Rochester, NY, USA) , the PREM Q(tnm) |enses (Menicon, JP) , and the N GHT &
DAY (r) Iwo=esy/o4132¢ 020PTI X (r) | enses, and the Al R OPTPET(USpoloesmses ( Ci ba
Vision, Duluth, GA, USA) . [00150] Certai n results of these AFMtests are
shown in Figs. 1-4, as well as iné%aﬁl}—'ﬁi In addition, Figs. 5-18 show
phot os of the |lens surfaces. [001 S|ze depth and density of the
depressions, as well as the RMS roughness of the anterior/posterior

surfaces of each of the test |enses renmnined substantially tﬁe sarre for
exanpl e, betweg¢n 10% and 1p% whether the AFM anallysis was n uct gfd
I mredi ately after hydrationfor 12 hoursfafter hydrat bgrg oIJéMg Lf % fiter
hydr tlwul{itfbﬂl‘)g;mﬁgt&h wp| AverabBliamete | oboae Dentil | FI'g 90 408 age
di angiNemberfortens| s B r esEhepressiom { hef Deoressiant || ﬁg@ﬂﬁ ET%QS om
formyl at iNgR® 1- 14 an%q%% in alminge bet welem) 175. ggg eé(me of
t he flormul ations of the preaent I nventi on have averl age Slrface
deprgssions in the range, fpr exanple, between abouyt 150 nm 1500
nm bgt weent about 130rp3and pbaub 363060 | betaween abous slols nﬂ aﬂﬂﬂabOUt
1500 [nm Dbetween abopho 170 hmMBod +a2Q@Ut | 574 1Rp cDETWeEH + gl3OUJ 18&kgNM and
about| 380 am of Dbetxaegn abput 5254+ pon and #0390 NBY.+ oldie] CONgzaCT ljens
from[formud atioh Topbessan hveyiage 3@epr €SSidn:duangt g 3ai2 174 61ggm ¢ the
commgrci alsy aval | apC®4? enses Pestad,7 the Tegses Wl abshaye hot peen
subj gcted 4 0 _a fornxes-0pl ashra pyeasnent | (1 1&2 + 7Bhe [AYABRAR.(r) T esmes, |t he
7 R7-09 314.1 +56.3 30.6 +7.1 10.1+ 0.6 1062
8 R7-36 355.2 + 901 2511109 9806 945
9 RF-16 262.7 +75.5 139+2.9 13.4+2.3 252
10 S-42 273.3+38.5 71+18 9.1+2 702
11 S-62 193.1+17.4 6.4+1.3 122+2 621
12 S-83 212.2 +32.3 7.6+1.6 85+1.2 135
13 S-84 202.4 +24.4 7.1+1.2 9.4+03 261
14 S-158 230.2 + 35.6 9.4+25 9.3+1.1 657
15 DM-004 1174.6 + 320.2 61.6 + 20.1 144 +25 5
16 SUS-DF4 386.3 + 68.7 16.3 + 6.4 91+22 990
Avaira no plasma tmt 1900 * 400 417+16.5 8608 4
Biofinity no plasma tmt 1500 + 200 232 %66 951208 4
Acuvue Oasys | no plasma tmt 00 0+0 7.1+£0.7 0
Acuvue Advancel no plasma tmt 00 00 6.2+x05 0
Acuvue TruEye | no plasma tmt 0x0 0£0 9.5+27 0
Clariti no plasma tmt 3000 + 800 39.6 +8.3 9.2+1.1 4
PureVision plasma tmt 664.3 +72.5 51.2+9.8 18+1.7 549
PremiO plasma tmt 583.8 + 181.5 6.1+2.0 7.8+1.1 19
Night & Day plasma tmt 0x0 0+0 10.5+1.0 0
020ptix plasma tmt 00 00 119+ 1.8 0
Air Optix plasma tmt 00 0+0 17.7£2.1 0

[00153] As shown in Table AC and Fig. 2, the average depth of
the surface depressions in the contact 1lenses produced from
formulations 1-14 and 16 is in a range between 5.1 nm and 48.1

nm. The contact lens from formulation 15 has an average surface
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BIOFINITY (r) lenses, the CLARITI(tn) |enses and the ACUVUE (r) | enses)

ei ther have no detectable surface depressions or surface depressions with

| ar ger awsoaga/dizdet ers than the | enses from fornul at i @a3/UB2d14/0503d@9 16. The
| enses whi ch have been subjected to a formof plasnma treatnent (i.e., the

PUREVLSION (r) | enses, the MQOQtm _l ense the NI GHT_& DAY(r) | enses,
t he O‘EW%&? %&ﬁ%@s,o’gné?ﬁe TH-R OBTIK (O&‘) ?}é%s%lgfmgilﬁﬁépn%a\f’eg nghe
sur f ageedept esairensioh sHkbacecdepeesRi®hs Wit 1sornawal cd algsFe Sy £6a8e
di aneters, for exanple between about 400 nm and about 800 nm TABLE AC

[ 00153} ASCsRGRPS/n bl exarand Pr§ween, abpeitaverageandpeibost tdfe murface
depr esstplsy | Boblle GoRhashdl eRRES RIOMECY LA Al Aty alte did4aiB0dl 16 1 S
. .1 ens ornul a

in a range between nm an nm The cont act rom ion 15
has af0 aner, adpe tswgehacadepr e shon adeptaboaft 810 6nm, . bSeweeaf atdeetl arsruhmat i ons

of the (grggent % vention have aver a(ge dept hs of _the surface depressions in
€,

the ram PAF NP 9T bR WESH abRUEt 41 A AP ALY B0 i bet ween about 4
nm an@opfut 205 NBhoHRt WEER,BRAUL 8 Y ﬁ%ﬁa%ol"tthﬂé) Mf%;’@%@%ﬁ%;ﬁg nm

and about 20 nm between about 15 nm an out’ 90 nm or 15
nm andispoibuBlommoyrf 0GEs]itAx sishowime i reotaldar ACeamsesFi gro8ucetihef samf ace
depression distrib ti(]jgn or q%:sity.i n_the con | enses Rroduce from

f or mit 2t TOhET 1242 And® 1675 o°r afigé o5t ;[/\%?ghb?égeﬁﬂd £66 3 Wept % ons

per S&bressihes coatacbol grd. of Ther euhakken 1tashas FdensidtAdf 5 has
depressions per 900 m2 . Sone of the formyl ations of the present invention
have YePRPEieE Ph 8 FSRFESHEORSePEDAN FiHepBessi ofs e WA X E9RE about

1500<9@pﬁﬁésﬁ95§e9€rigggngkba’have densities in a range between about

5 depressions per 900 um® and about 1500 depressions per 900 um?,
between about 80 depressions per 900 um® and about 1500
depressions per 900 um®, between about 200 depressions per 900
pm®> and about 1000 depressions per 900 pm?, between about 100
depressions per 900 um® and about 1200 depressions per 900 pum?,
between 2 depressions per 900 um® and 700 depressions per 900
nm®, or between about 100 depressions per 900 um® and about 600
depressions per 900 um®. The commercially available lenses tested
which were not subjected to a form of plasma treatment either
have no surface depressions or have a surface depresgssion density
which is substantially lower than the lenses from formulations
1-14 and 16.

[00155] As shown 1in Table AC, and Fig. 4, the average RMS
surface roughness of the contact lenses produced from
formulations 1-16 is in a range between 6.9 and 19.7. Some of
the formulations of the present invention have average RMS
surface roughness in the range between about 5 nm and about 30
nm, between about 5 nm and about 20 nm, between about 5 nm and

about 15 nm, between about 7 nm and about 25 nm, between about
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bet ween about 80 depressions per 900 m 2 and about 1500 depressions per 900
m , between about 200 depressions per 900 mi2 and about 1000 depressions
per 900 rwb2p1ihgiseeen about 100 depressions per 900 m 2ramaSano®s081200
depressions per 900 m 2, between 2 depressions per 900 mi2 and 700

depre |ons 00 . nnP, or between about 0 pressjons per 900 m 2 and
about 08 déggeég%ﬁsgﬁefm@o%%wﬁen ‘Pg’ #%e aﬁr}i VaiTabPe Pehéesn

t est edswhinChinter® neh. subkeebedeteialflgr mvefi 1pkasma d1eal N+ & t gl chave
no surface depressions or have a surface depression density which is

subst BAfi BPEyPE6Re 8 UPH &R tERe toeis €9 1 orh frokafiMaat§ oemtneny kad d6er{@o155]
As sh i e t ver RV Loy hness of the
conta§¥§IéﬂgggQ%}oduc%@Q%rgégf5§ﬁﬁl é%?flg%G (S ?%Hé&ﬁéﬁ e V%?Meeﬁ 5.9

and 1@x3mp£bnenoa taegé obatlvatn oalsoot 5h@mpam6embommv9@tmmn have average
e roughness in the ran% lbetween about 5 nm and about 30 nm
%)

betme Hl out BURM'@hd aBBLE 26 OHetW@&%%ﬂﬁﬁﬂrQ§Wﬁﬁ%ﬂﬁFQﬂxﬁﬁogﬁi¢Wn

bet weens APOUL - 7M1 M1d Ayt 25 am 1BaLugen akaut 10 payand,gbo

bet ween about 15 ra and 30 nm or between 15 nm an nm  The connerC|aIIy
avai | abreul @nsesst est ed mhlch had not been subjected to a formof plasm
treatnent had average RMS surface roughnesses that tended to be sonewhat

| ower, for exanple in a range between about 5 nm and about 10 nm [00156]
Further, Table AD bel ow, includes Tgsgslars from property characterization
tests of |enses nmade using the present formulations

Formulation ID 1 2 6 7 8 10 11 12 13
Packaging solution PBS PBS PBS PBS PBS PBS PBS PBS PBS
Static Contact Angle (CB) | 37.7202 | 37117 | 36.7£01 | 36326 371 35802 | 355201 | 344+03 | 36908

Adv. Contact Angle (CB) 65.8+16 | 804%14 | 604+28 | 66.8+29 431 429+16 | 39.9+04 | 41.9£18 { 63.0+05

Modulus (MPa) 0.75+010 | 0.52+0.03 | 0.55£0.04 | 0.63+0.01 | 0.64+0.02 | 0.56£0.02 | 0.56 +0.01 | 0.69 £0.02 | 0.70 £ 0.03
Elongation (%) 542 149 | 47356 486 + 117 27725 324+ 10 | 528+£133 | 49332 425 + 90 648 + 26
Tensile Strength (MPa) 1712067 | 207064 | 0.98£0.26 | 1.32£0.24 | 1.45+£0.13 | 1.17£0.37 | 1.27+£0.15 | 1.34 £0.35 | 235+ 0.16
Water Content (%) 56.02+0.29| 52.02 + 0.21 | 56.94 + 0.51 | 54.48 £ 0.67 | 57.54 £ 0.21 |56.84 £ 0.67 |58.42 + 0.32|55.18 £ 0.4456.24 + 0.47
Dk (Dki/t) 672 58+4 101£2 84+8 788 92+4 1044 9315 78%1

lonoflux (10-3mm2/min) |6.54£0.35 | 459+0.07 | 8.01+0.25 | 2.56+0.10 | 0.05+0.01 | 7.38+0.39 | 740+ 0.11 | 516 +0.21 | 7.40+ 0.31

Wet Extractables (%) 3712019 622+020 | 262£0.39 | 462+0.13 | 411+026 {2.84+0.71 | 3.00+0.37 | 2.84 £0.34 | 2.87+0.29

Lens Clarirty good good good good good good good good good

[00157] FIGS. 5-18 comprise a set of photographs showing the
lens surface morphology as determined by atomic force microscopy
(AFM) using the tapping mode. FIGS. 5-10 show the lenses
produced from formulations 1-16 after hydration in PBS. FIGS.
11-14 show photographs of the morphology of various commercially
available lenses, including AVAIRA®, BIOFINITY®, CLARITI™,
PREMIO™, PUREVISION®, ACUVUE® OASYS™, ACUVUE® ADVANCE®, ACUVUE®
TRUEYE™, NIGHT & DAY® OZOPTIX®, and AIR OPTIX® lenses as
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Tabl e AD [00157] FIGS. 5-18 conprise a set of photographs show ng the | ens
surface norphol ogy as determ ned by atomc force m croscopy (AFM using the
t appi ng Mwoen1RGa3 5- 10 show t he | enses produced from fPoTMsk@vios0s39 1- 16
after hydration in PBS. FIGS. 11-14 show phot ographs of the norphol ogy of
vario mrercially.avail ahle | enses, including AVAI RA(r),. BIL.OFI NI TY(r),
CLAR! #’?’E%ﬁ) ngz‘E’de%%%Wf‘? POREG SIS REEPURT BRSYS( tHPr aAA0IUERS
ADVANCEfses ACUMBE(r) TRUEYE(tm), N GHT & DAY(r) O020PTIX(r), and AIR

OPTI X(r) | enses as[00158] determ ned using tappi ng node AFM after hydrating
the 118883 i n PBSFIFE0159]-1litn F@Rirs-ndle t APYi mgsmide ARM reseddstad e
presepted for contact |enses_fromfornulations 1., 5 15_and the
COHTTEJ?%:IEM FORETST a1 B A7Al RE Q) FSHE“haé%SHSi n ot h° t he et a&% hydtat ed
st at egohy €t 84 BTy | BvEBBShaRd AVEEIINY stake.ccHiese [8SWIHh Stiow that dhe
surface_depressions are present in both the wet |enses and the dry | enses.

Thus, PYReaseft f atfetehepr ddidsrsedo ABt FBSLI tangd oithexafple, SHadtaot Bemedy
| i h . | i, i ,
resul fosd1om Mydiatien, Otnkneanaes. 0l 99801 oA, nuero ol bl lcatiqng.

patents and patent applications have n crted herei ove. Each
ci tedclpribl wetit | drssepat emids arick padent appsésat i onThus, hersdlay | swcof o at ed

by reference.in its entirety. _ [00161] Wile this, inventio as bee
descriBRE I 1T eSPedtot o%éﬁ&ms@ec?ﬁ‘?r&p%ﬁan%loesn%%dSéﬁﬁgéﬁ MEtS:Cit is
to bermnslersd oot dhadf tihee iTvesddon is not limted thereto and that it

[00160] A number of publications, patents and patent
applications have been cited hereinabove. Each of these cited
publications, patents and patent applications is hereby

incorporated by reference in its entirety.

[00161] While this invention has been described with respect to
various specific examples and embodiments, it 1is to Dbe
understood that the invention is not limited thereto and that it
can be variously practiced within the scope of the following

claims.
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can be variously practiced within the scope of the follow ng clains .Wat
is clained is: 1 . A silicone hydrogel contact |lens, conprising: a silicone
hydr ogel wensiiygdiz3conpri sing an anterior surface and aPp@aiSeriosossurface,
wherein, after hydration in water or an aqueous solution, at |east one of
the anterior surface and the posterior surface of the | ens body when wet
conprises a plurality of depressions with an average di aneter between about
150 nameretier $lantheldess :t han 1500 nanoneters, and wherein the | ens body has
not been subjected to a formof plasma treatnent, the | ens body has not
been treated with a polynerizable swelling agent after the |l ens body is

formed, OrAb%Eﬁic§ne,ﬁyﬁE%§%qn oﬁXg%Qgggngongg%§rﬁggﬁ .conprising: a
non-pl asma treated silicone hydrogel |ens body tonprising an anterior
surface and agidsteemeor lsuddfcapd, atendeashodne obmphes smgf agers eanprisikng a

plural ity of depressions, having an average. density from ahout 100 ,
depresq‘él%ﬁé:epe‘?g o¢ n??ﬁEeféoﬁbd?HrﬁﬁﬁY dé’ﬁ@é?&inonsa ’é?’.:ng}'dﬁﬁadu?n. 3% The
cont aghtkensosf any apfeee@ Ngothaish, Wier einrslhe ghurabét yf dgpeessions
have an average di aneter between about 130 nanoneters and | ess than about

630 n&H&iecer sand thehepeshenéer| etwrigicaangfprideedilegscl apdy whiemei wethe

Panoner B E R ool T hay ihout” SE0tREAGRSLE S5 The ALl PERLSBFTany

pr ecetengechaiamouthersl maMeneters and less than 1500 nanometers, and
wherein the lens body has not been subjected to a form of plasma
treatment, the lens body  has not been treated with a
polymerizable swelling agent after the lens body is formed, or

both.

2. A silicone hydrogel contact lens, comprising:

a non-plasma treated silicone hydrogel lens body comprising
an anterior surface and a posterior surface, at least one of the
surfaces comprising a plurality of depressions having an average
density from about 100 depressions per 900 um?’ to about 1200

depressions per 900 um®.

3. The contact 1lens of any preceding claim, wherein the
plurality of depressions have an average diameter between about

130 nanometers and less than about 630 nanometers.
4. The contact 1lens of any preceding claim, wherein the

plurality of depressions have an average diameter between about

150 nanometers and less than about 550 nanometers.
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plurality of depressions have an average depth from about 4 nanoneters to
about 100 nanoneters. . The contact |ens of any preceding claim wherein

t he pl ur avotg11af41¥8pr essi ons have an aver age dept h frompabaiskou/opesnonet er s
to about 65 nanoneters. 7 . The contact |lens of any preceding claim

wherein th | u i of ressio h rage_depth from about 15
nanorr%f ersﬁtlg a%%%é%(—) n%a%%%et%?s.&gy. a%ﬁ%g%%%t\{ﬁctg ae}fg’ ofw%%f/ejo? cu%? m 1
and cphunsl3ey, othedeptrekkeopkurihvéy 0f deprassi afsptiave m adsbage 4
density from about 5 depressions per 900 urn2 to about 1500 depressions per
900 nlf‘%lﬁome@e.rsfﬁ% %]Bﬂ‘tlgc%oﬁ)elﬁ§n%rf‘e‘é%3§ls of claim1 and claims 3-8, wherein
the plurality of depressions have an average density from about 80
depressions per 900 m2 to about 1500 depressions per 900 m2 . 10. The
cont agt | efke of camyapt eckeliing ef ai apy wherededime ptlaahi t ywhdrelopr eslsd ons

have aver age nsi.ty from about 20Q _depressions.per. 9 m 2_1 o about
1000 @2%%%%15? nSO%Se?GQ%SS%lSH? 11%VThé"co Y§EF9Fen%£%?h a%oﬁ} eégailﬁg | ai m
wher ehdndher @t s | easibone ©F mdeometerd or surface and the posterior surface
of the I ens body has an average surface roughness from about 5 nanoneters

RMS to about 30 nanoneters RVS. 12. The contact |ens of any preceding

claim whemeln &decdle | epsts ongr ofoifie SILALL Aty SUTAGE anthd ey POShELT oF
surface ofthe | ens body has an average surtace 9goug ness from about
nanoneterasl RVE od abepte?25ioanoietver saRVMBvelk3ige THepthntfacim | ebsuof hy

pr ecergér?&nect'l,eafsm t(‘)’m<a rc%{] ZE61(:"rlélfirgometers .
8. The contact lens of any of claim 1 and claims 3-7, wherein

the plurality of depressions have an average density from about

5 depressions per 900 um® to about 1500 depressions per 900 pm?

9. The contact lens of any of claim 1 and claims 3-8, wherein
the plurality of depressions have an average density from about

80 depressions per 900 um® to about 1500 depressions per 900 um?.

10. The contact lens of any preceding claim, wherein the
plurality of depressions have an average density from about 200

depressions per 900 um® to about 1000 depressions per 900 um?.

11. The contact lens of any preceding claim, wherein the at
least one of the anterior surface and the posterior surface of
the lens body has an average surface roughness from about 5

nanometers RMS to about 30 nanometers RMS.

12. The contact lens of any preceding claim, wherein the at

least one of the anterior surface and the posterior surface of
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| east one of the anterior surface and the posterior surface of the |lens

body has an average surface roughness from about 10 nanoneters RVS to about
20 nanonewens1IRMBE2314. The contact | ens of any precedi n@CEIts2om0/09432y ei n, at
| east 12 hours after hydration in the water or the aqueous solution, the at

pocy FOB KoV BRengr SonCabt “ARGFECof 10eE s hER BB0°ARd WAl AP bteal up

body ﬁas an advan

time akngheates RMantbi ¥BoteCOBdBanohéteFBerR@ONt act | ens of any preceding
claim wherein the |l ens body has a swell factor of at |east 20% 16. The

contact |lens of any preceding claim wherein the | ens body conprises a

hydr ophi | i g, 8i I +CORLaLNI yner i rial ;. 17 contact, | ens
of any preceding c a”ﬁlméﬁgrég% Eﬁg ﬁ%%%&%%§§§iﬁ§ idés ?&F%%g?o%%i i%t
pol ynkeasti oner nal we¢t engeagent surfBcelhendonhachpdsersiofr anyrfaecedf ng

cl ai wherein the lens body is fully or_partially cured_while in direct
cont g%}flevﬁt % ][88ﬁ¥a§iasl efis r?ﬁ"ledfa@c?rrp?’ilg%@earﬁb’ﬁ&ﬂﬁs&r f'r’é‘t"éria_éﬂo}ltw?oThe
cont agknbease8s RUGI Hb 18pboubes €1 Rahbee DOR: PRYVEGI naterial conprises

pol ypr opyl ene. 20. The contact |ens of claim 18, wherein the non-polar

material is a nucleated thernoplastic polypropylene resin. 21. The contact
ens o1, amy,r 86ROLAY GRigMo MNBIE B LOE4L DS DRy CORLIES & epglion
product of a polynerizabl'e conpositton conpri Sing

12 hours after hydration in the water or the agueous solution,

the at least one of the anterior surface and the posterior

surface of the lens body has an advancing contact angle of less

than 100° and a water break up time of greater than five

seconds.

15. The contact lens of any preceding claim, wherein the lens

body has a swell factor of at least 20%.

16. The contact lens of any preceding claim, wherein the lens
body comprises a hydrophilic silicone-containing polymeric

material.

17. The contact lens of any preceding claim, wherein the lens

body includes no hydrophilic polymeric internal wetting agent.

18. The contact lens of any preceding claim, wherein the lens
body is fully or partially cured while in direct contact with a

contact lens mold comprising a non-polar material.

19. The contact 1lens of claim 18, wherein the non-polar

material comprises polypropylene.
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reactive ingredients conprising at | east one siliconecontaining nonomer, at
| east one silicone-containing nacroner, at |east one silicone-containing

pr epol ynewQ 20tv/03ie8ur es t hereof , at | east one hydrophi IPCE/usemoneesy9 and at
| east one crosslinking agent that crosslinks the reactive ingredients
during polynerization to forma polyner. 22. The contact |ens of claim 21,
wherein the reactive ingredients conprise a silicone-containing nononer

with aonol el acomizght |1ess then 700 Dal togs. @BerdD® ceRtachohepsigh any
of clainms 21 _and 22, wherein the reactive ingredients conprise a

si | i cBpéeEdAtailfi Agitaerairef rermarAabEsdl rPlweirghy 1 baEwseAiabout 700
Dal t ons and about 2,000 Daltons. 24. The contact |ens of any of clains
21-23, wherein the reactive ingredients conprise a silicone-containing

pr epokyner Thet cantrmitecléas wei ghty greadedindanl2if00 WDalrtedns. t125. 1&he
conta&t | ens of .any preceding clakg% wherein the lens body is fornmed by a
pr 0ce88 o fPFPLHRESpdl yiRdG 28 GF SV poff yirePP L 4BPEL €3RPBsFOTBASERA1PRe
absenggmgk-igidgl.uent.26. The contact |ens of any of clains 21-25, wherein
the pol ynerizabl e conposition is free of a hydrophilic polyneric internal
wetting ag&RBCt2ye Thegtediasts| eAsmpiianydpr etedingstl abne waetécanehe

surfaggﬁtggngg I fady EECH%Qf no_silj.cate |ayer. 28. The contact |ens
of any prece |§g caﬁrﬁ ‘Whérein E%é ﬁgﬁséfilcone containing macromer,
at least one silicone-containing prepolymer, or mixtures
thereof,
at least one hydrophilic monomer, and

at least one <crosslinking agent that crosslinks the

reactive ingredients during polymerization to form a polymer.

22. The contact 1lens of c¢laim 21, wherein the reactive
ingredients comprise a silicone-containing monomer with a

molecular weight less than 700 Daltons.

23. The contact lens of any of claimg 21 and 22, wherein the
reactive ingredients comprise a silicone-containing macromer
with a molecular weight between about 700 Daltons and about

2,000 Daltons.

24. The contact lens of any of claims 21-23, wherein the
reactive ingredients comprise a silicone-containing prepolymer

with a molecular weight greater than 2,000 Daltons.
25. The contact lens of any preceding claim, wherein the lens

body is formed by a process comprising polymerization of a

polymerizable composition in the absence of a diluent.
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body has not been subjected to a surface treatnent to enhance surface
wettability conpared to a Il ens body without a surface treatnent . 29. The
cont act |Iwooofo4a32y preceding claim wherein the | ens bedy/ussomnsossubj ect ed
to extraction with an organic solvent or an aqueous sol ution including an

organkg so nt en rior.to hydratiogn_i.n th er or the aqueous
solut?gh. g%g Tﬁégggg ac%el%néj%féﬁly precé& P&ESc|292?%mheWéFﬁeﬁﬁe FBRs
body psl{meeiabbiesutdmess tobdn Nng havireg aofli ff engdt-opdARasi t henyhbanct he

| ens body. 31. A method of manufacturing a silicone hydrogel contact |ens,
conprFEF%ﬁn?BrW?Eﬁlﬁgs?S?EBne hydrogel contact |ens body having an anterior
surface and a posterior surface, wherein after hydration in water or an
aqueous solution, at |east one of the anterior surface and the posterior
surf ag@é. of tTHee | eesithody Wees wef comprimsesealiplaur alliatiyn, of wepeésasioims with
an average diangtgé bftmeen ﬁbout %5% nanonetﬁrs and, | ess than 1500
nanonet et 3CERd ant Aer 598 A3M%I +YCHVIRT aBBuf L 1bER tept B4€F ons per 900 2 to
about 1200 depressions per 900 m 2, and wherein the | ens body has not been
subjected to a formof plasma treatnent,the | ens body has not been treated
wi t h a8 pol Ther coalbPetsvens ngf agant rifacaditiee ¢batmboudhersiforthisd, Leoms bot h

32 Theapebiiad f b 3o MRS N4 he QLT NG SLED. EQURLI ses BolyIELi 2i ng

a pol yneri zabl e conposition-conprising reactive ingredi ents conprising at

| eastsenkbase | wetnebddrity ntorgoamsdmend, a lens body without a surface

treatment.

29. The contact lens of any preceding claim, wherein the lens
body is not subjected to extraction with an organic solvent or
an aqueous solution including an organic solvent component prior

to hydration in the water or the aqueous solution.

30. The contact lens of any preceding claim, wherein the lens
body is free of a surface coating having a different composition

than the lens body.

31. A method of manufacturing a silicone hydrogel contact lens,
comprising

forming a silicone hydrogel contact lens body having an
anterior surface and a ©posterior surface, wherein after
hydration in water or an agueous solution, at least one of the
anterior surface and the posterior surface of the lens body when
wet comprises a plurality of depressions with an average
diameter Dbetween about 150 nanometers and less than 1500
nanometers and an average density from about 100 depressions per
900 um® to about 1200 depressions per 900 um?, and wherein the

lens body has not been subjected to a form of plasma treatment,

63



at | east one silicone-containing nmacroner, at |east one silicone-containing
prepol ynmer, or mxtures thereof; at |east one hydrophilic nononer and at

| east oneworos#l4i3Ri ng agent effective to crosslink thePCeaszIwm®s0879
ingredients. 33. The nethod of any clains 31 and 32, wherein the |ens body

i ncl j_nt I lyneric wettin ent. . 34. _The nethod of /| of
I(:I ai lrjrg?%lfl %Cg{snv}@%%%ihré) h%mi e%ese%o%f/le?%%ﬁg‘ﬁééhna gPFV@ﬁFéZF‘Eggr ?"‘@gﬂ?ﬁe
met hodgehtarytefr chai Ten31b34y Waereiretiheopobyrer.i zZi Ng step occurs at

| east partially in a contact |lens nold conprising a non-polar materi al
36. The nethod of claim 35, wherein the non-polar material conprises

pol yprepyl . : ok-cl g WhEY ef nEN- PO rial
is a nucl egtﬂgd nt%ﬁgro%%g%?%ggol%br%y e%g resi ﬁ#%{.}?grhgge th%@pgﬁggﬁy of
cl ai mpo3ym8T¥izwher een phéymeadrbbeéei ngredbentsononpoinpeiaing reactive
silic -cqntalni ng_nononer wiith a | ecul ar_ wei ght | ess, than 700

Dal t o%§§§§al‘fﬁgsn§t nglgfmgnftoﬁ%arsrsﬁjn%n%lgéglc Br EPRLEhR P alPrRoBeT

i ngr edcentlsspanprbse a sSilliiceerecettainmingg MReEasmEr- W thra nolagul ap,uei ght
bet ween_about 700 Dal tons and about 2,000 Daltons . 40. The nethod of any
of cl &thECSRe3CoNtafREPE PEMROFEERY i v nGLEENEAEs Wriprdte at least

si | i cgRe- CIoRg Abih 1o rg&g}%m L{3h ar [ 4 r_than_ 2. 000
Dal tons. 41. Thﬂgﬂlma%flo of any \(%1 cl %F@% %O,Onﬁeggkﬁ%tlﬁgkggﬁt acf1ens
effective to crosslink the reactive ingredients.

33. The method of any claims 31 and 32, wherein the lens body

includes no internal polymeric wetting agent.

34. The method of any of claims 31-33, wherein the lens body

includes no silicate layer.

35. The method of any of claims 31-34, wherein the polymerizing
step occurs at least partially in a contact lens mold comprising

a non-polar material.

36. The method of claim 35, wherein the non-polar material

comprises polypropylene.

37. The method of claim 35, wherein the non-polar material is a

nucleated thermoplastic polypropylene resin.
38. The method of any of claims 31-37, wherein the reactive

ingredients comprise a silicone-containing monomer with a

molecular weight less than 700 Daltons.
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body is as recited in any of the clains 1-30. 42. A silicone hydrogel
contact |lens, conprising: a silicone hydrogel |ens body conprising an
anterior Worhaoe12ad a posterior surface, wherein, afterChy$e@niosns’sn water
or an aqueous solution, at |east one of the anterior surface and the

post ek or f t I dy en canprises a plurality of
depreégfongHéﬁ?ﬁﬁggLieggté% e gg éﬁﬂgvg?ggé gganéf%?r%%?wé' aﬁ%%?tﬁ%%
nanomehersdaadt kessompats2508 nanidneicetes candt samiaer age enst t witwm about

100 deﬁ essions per 900 m h2 to abhout 1200 depressions per 900 m h2, and
wher el ERBLFENSHEIYE hdS RS hedPIthj dffedPré tanFor ARBf pPasHR 2 r@2f nent

the | gas:-bedy has not been treated with a polynerizable swelling agent
after the lens body is formed, or both. 43. The contact |ens of claim 42,
wherein the plurality of depressions has an average density from about 100

depregsi o er 0 12 to _about 1200 depression er, 900 mi 2, and the

| ens %@dynﬁgg|%§EQ%£LO§U5FQEt8§ f:QQW%rgﬁéggpla FHatREnt TSt R
cont athgtedsent s anyorfride pr ecadiirgnel-abiEaivherei Bripeiphural i ¥ynofs
depressjons_ has an average di aneter between about 150 nanoneters and | ess
t han ISHRCHEMONEE EPRL A5catpe kot a2t09@nRabiorsmy preceding claim wherein
the plurality of depressions have an average di aneter between about 130
nanoneters and | ess than 63 0 nanoneters. 46. The contact |ens of any

pr ecetlt ng Thai ngtinb@r e nahhreopl wilaliisy 36f- 4de prmérsicdns thay ec@tt saver Bges

i amef gt bet veen about 170 nanofptels and;Less fhan 570 nanomet ers.

42. A silicone hydrogel contact lens, comprising:

a silicone hydrogel 1lens body comprising an anterior
surface and a posterior surface, wherein, after hydration in
water or an aqueous solution, at least one of the anterior
surface and the posterior surface of the lens body when wet
comprises a plurality of depressions with at least one of an
average diameter between about 150 nanometers and less than 1500
nanometers and an average density from about 100 depressions per
900 um® to about 1200 depressions per 900 um®?, and wherein the
lens body has not been subjected to a form of plasma treatment,
the lens body has not been treated with a polymerizable swelling

agent after the lens body is formed, or both.

43. The contact Ilens of claim 42, wherein the plurality of
depressions has an average density from about 100 depressions
per 900 um® to about 1200 depressions per 900 pm®, and the lens

body has not been subjected to a form of plasma treatment.
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47. The contact lens of any of claim42 and cl ains 44-46, wherein the
plurality of depressions have an average density from about 5 depressions
per 900 mw@ 2po/eisat 1500 depressions per 900 mmaz2 . 48PCThmS2@005@ce | ens
of any preceding claim wherein the plurality of depressions have an

aver age de ty, from ab ut 200_ depressi o per 900..m 2 top about
depreggll onsrﬁlpeer I Fnh2 ErSa Pt Tﬁ‘gl OCH‘Jt agﬁel STESALY f)f%i:‘@%h ng Irﬁllﬁh

wher eithet hglatal east onedebrobe iankerhos SﬁHféﬁérQ?Q tdea ROt €T el welhf ace
of the Iens body has an average surface roughness from about 5 nanoneters

RVB t GPRNGut S80 TRaRBIREEass aRvB 1ess. the deRPasentessess any precedi ng
claim wherein, at |east 12 hours after hydration in the water or the
aqueous solution, the at |east one of the anterior surface and the

post erbor §hﬁfa@enahcthelbeﬂs bddy ahgs ameaddangi nglednt actvhamglie othkess
than 1 ne of greater than five seconds .51. The

0 ag - e& break, u %
cont aBT TN Cat Siny BEC R HHE cPAT R SR dir e ) BHRE Dodyo AR SRELE
faCtO&Banahoh@@%Eszg%@ 32ss thencenbaghnbeBRsept .any preceding claim
wherein the | ens body includes no hydrophilic polymeric internal wetting

agent. 53 . The contact |ens of any preceding claim wherein the |ens body

'S fubby omngar Lhaklyccusgdonhile Ly, di pect coptact wikh a gontact Lens

nol d conprising a non-polar materi nt act 1"ens” Frany p egedlng
cl ai nplwimedeicy tdfe demsedmihynconpreses avieeact ahi ciictbofw@en about

polyneglzable QoS sitio

nanomet and Tess than 570 nanometers.

47. The contact lens of any of claim 42 and claims 44-46,
wherein the plurality of depressions have an average density
from about 5 depressions per 900 um® to about 1500 depressions

per 900 um?

48. The contact lens of any preceding c¢laim, wherein the
plurality of depressions have an average density from about 200

depressions per 900 um® to about 1000 depressions per 900 um’.

49. The contact lens of any preceding claim, wherein the at
least one of the anterior surface and the posterior surface of
the lens body has an average surface roughness from about 5

nanometers RMS to about 30 nanometers RMS.

50. The contact lens of any preceding claim, wherein, at least
12 hours after hydration in the water or the aqueous solution,
the at least one of the anterior surface and the posterior
surface of the lens body has an advancing contact angle of less
than 100° and a water break up time of greater than five

seconds.
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conprising : reactive ingredients conprising at |east one
siliconecontai ni ng nononer, at |east one silicone-containing nacroner, at

| east onewei2bilg@mn®3cont ai ni ng prepol yner, or m xtures tIireTasko10/0ai87¢ east
one hydrophilic nmononer, and at |east one crosslinking agent that
crosslinks the reactive ingredients during polynerization to forma

pol ynmer. 55. The contact |ens of any preceding claim wherein the | ens body
is fosred hyea qureess Tenpr bSi nghpopysesdzayi enadh,a winame! i gadl eens
conposition in the absence of a diluent. 56. The contact |ens of any
prece®PRY EPSi & SWRerleifACtRE Sbr P&cdsa8t £RE -1 ens body includes no silicate
| ayer. 57. The contact |lens of any preceding claim wherein the | ens body
is not subjected to extraction with an organic sol vent oran agueous

sol ut bén | Atkudigrgart otgani ofsadnenpreceponentlpimor whedsidr athenlenst he
wat er . or. t he gggeous S%I§;i03" 58. A.nethod of nanuéactg&ing a silicone
hydr o§8FYcGRFALESPeRS, PYSKEPIIAG POFHTRGLS SPFEEBRE WSGFOEE 286RFact | ens
body having an anterior surface and a posterior surface, wherein after
hydration in water or an aqueous solution, at |east one of the anterior

sur f a8 -and@heh&EPvsdr | bengupPfacaofPYReErg BodjMwhaemamstireoflpe | $6588a

pl ur al.j f ressi 1 f .an av e.di er . bet ween
Bbout PRBY AEnonbrdr & anir T Eke Fhan e Bl At S A e g R T
from abottctOQedepmedsi onsppesing a non-polar material.

54. The contact lens of any preceding claim, wherein the lens
body comprises a reaction product of a polymerizable composition
comprising:

reactive ingredients comprising at 1least one gilicone-
containing monomer, at least one sgilicone-containing macromer,
at least one silicone-containing prepolymer, or mixtures
thereof,

at least one hydrophilic monomer, and

at least one crosslinking agent that crosslinks the

reactive ingredients during polymerization to form a polymer.
55. The contact lens of any preceding claim, wherein the lens
body 1is formed by a process comprising polymerization of a

polymerizable composition in the absence of a diluent.

56. The contact lens of any preceding claim, wherein the

surfaces of the lens body includes no silicate layer.

57. The contact lens of any preceding claim, wherein the lens

body is not subjected to extraction with an organic solvent or
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900 m h2 to about 1200 depressions per 900 mc ? , and wherein the

| ens

body has not been subjected to a formof plasma treatnent, the | ens body
has not bwenotwea2ed With a pol ymerizable swel ling agentcafusesionbis7d ens
body is forned, or both. 59. The method of claim 58, wherein the formng

st ep gm&hasasp%'om ] 19,3 PRIVITE 280L.%, COMROsI Ll on. Bl Sing. ¢

i ngr edi enf's conpri sin eas
one stblhpdeatmehannlﬁgenﬁeteﬁEbr ghel ggséon8ess1lit €OAE- cont ai ni ng

feactive

1PBast

prepol yner, or mxtures thereof; at |east one hydrophilic nononer and at

| east one crosslinking agent effective to crosslink the reactive

ISINg a non-pol a

i ngregdgent g. m@@ho@h%fm%QHH%éykdyfﬂ 1?%33 nﬁ$§ﬂy@@ﬁﬁ§é@gléﬁ p

occurs at | east partla Yy In a contact ens nD

mat er f@hPrigingThe met hod of any of clains 58-60, mhereln t he cont act Iens
body 1s asfégﬁiﬁgdein aTXcgget &%g%gf %%hiébt lens body having an

anterior surface and a posterior surface, wherein after

hydration in water or an aqueous solution, at least one of the

anterior surface and the posterior surface of the lens body when

wet comprises a plurality of depressions with at least one of an

average diameter between about 150 nanometers and less than 1500

nanometers and an average density from about 100 depressions per

900 um® to about 1200 depressions per 900 um?, and wherein the

lens body has not been subjected to a form of plasma treatment,

the lens body has not been treated with a polymerizable swelling

agent after the lens body is formed, or both.

59. The method of claim 58, wherein the forming step comprises

polymerizing a polymerizable composition comprising reactive

ingredients comprising at least one silicone-containing monomer,

at least one silicone-containing macromer, at least

one

silicone-containing prepolymer, or mixtures thereof; at least

one hydrophilic monomer and at least one crosslinking agent

effective to crosslink the reactive ingredients.

60. The method of claim 59, wherein the polymerizing

step

occurs at least partially in a contact lens mold comprising a

non-polar material.

61. The method of any of claims 58-60, wherein the contact lens

body is as recited in any of the claims 42-57.
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