WD 01/ 27662 PCT/ USOQ 28092 CONTACT LENS COATI NG SELECTI ON AND

MANUFACTURI NG PROCESS 5 BACKGROUND OF THE | NVENTI ON Thi s invention rel ates
to conR91/3766kes. Mre particularly, it relates to- coRCEAAISOP/2§082
substrates nade of one.material and coated with another and nethods for
sel ecting and preparing such conbinations to achi eve good physi ol ogi cal

performance gf Coat i mat eri al
wWith a diffe aﬁ*‘ﬁﬁﬁ‘éﬁ*@% ‘hé@ﬁ@&éﬁbmw MM‘@S@ Ki ng
contact lenses for a variety of reasaons. The coating nay offer a property
or properties that are different fPBRGESSe of the substrate and which are
particularly desirable as a |l ens surface apart fromthe bulk properties of
the lens material itself. Properties such as wettability, resistance to 15
pr ot ei naceous deposits, bioconmpatability, UV shielding and other desirable
| ens.  shaBRCRGROUND OFIT ENFFOBOUl d concei vably be addressed with
this approach. US Pat. 5,779,943, for exanple, proposes preparing a nol ded

article such a t ' : RNV a | atent

hydr ophilic rratsrelgsl a%‘?tﬁﬁltrﬁig%g?}%f%t@gégk%Ilggl%lﬂaaﬁo?c i gelrgta 20 nore wettable
at its surface., WO 96/ 24392.t 20 Morra, ,et . roposes, coating a

bt r at o chiARe RS OSEATmAL o f el St el wit BABES R mEBRY 12 5 s

use for the coated substrate is in jntraocular |lenses. . WO ,94/ 06485
proposes deESclgeEng apd BrepE,TuEh sorpRinatigns taacHeve geodpwsiglogialt o nake the
device fromwhich it is nmade nore wettable at its surface. WO 93/00391
proposes @exfoimanca ofifhiraogtet lensesh a hydrophilic coating polyner to nmake the
25 substrate nore hydrophilic and | ess prone to adhesion by tear proteins.
US Patio 1 WO @Mdatinga3ub¥irhid 6306 2309341 with a different material has been

proposed as a strategy for making contact lenses for a variety of reasons. The
coating may offer a property or properties that are different from those of the
substrate and which are particularly desirable as a lens surface apart from the bulk
properties of the lens material itself. Properties such as wettability, resistance to |
15  proteinaceous deposits, biocompatability, UV shielding and other desirable lens
characteristics and properties could conceivably be addressed with this approach.
US Pat. 5,779,943, for example, proposes preparing a molded-article such as
a contact lens by coating a bulk polymer with a latent hydrophilic material in the
mold. The molded article is made more wettable at its surface. WO 96/24392 to
20" Morra, et al., proposes coating a substrate with hyaluronic acid to improve . -
biocompataﬁiiity. Oﬁe proposed. use.for the coated.s-ubstraé ié in intraocular lenses.
WO 94/06485 proposes coating a hydfophobic substrate with a carbohydrate to
make the device from which it is made more wettable at its surface. WO 93/00391
proposes coating a hydrogel with a hydrophilic coating polymer to make the

25  substrate more hydrophilic and less prone to adhesion by tear proteins. US Pat.



5, 708, 050 proposes coating a |l ens substrate with a silicone oil, a

pol ysacWRM282 or a denatured coll agen to nake it nor ePEFAISOHR092 c at its
surface. Beyond a general recognition that wettability and oxygen

per neabi | i a desirable |l ens characteristjcs, ljttle insight has been
provi ded o#ny%@nrawﬁes%mgﬂ B3 2OstraR withee silicans)qils a pobisacohprids, o5 af or
physi ol ogi cal conpatibility. That is, there has been little guidance

avai | abl e depatugrscollage tegnakgtibmorn kydsephibioattitsreyriaee. eBéwand asgeemppl i cat i on
conditions that will provide good physiol ogical performance. Sinply coating
a | ens subrstogaiteonthetewéttabititwod oxpygenipermedbilitg age désirable ledsydr ophi | i ¢ coati ng
mat eri al w thout accounting for such critical paranmeters wll not 1o

al | evi at e dhBRicRFioidse TRleSHE SRS @emside&@lnwsftaf&cdiﬁﬁg%élgam fgscri bed
above. It has not been posSsi ble to predict the success of a glven

| ens/ cqati . [ ' q d [ QGES: Ll lenses .made. fromthe

mat er i gl v@?lelgag acceﬁagaggﬁﬁgﬁgélgﬂ%é’ 51‘1@51?1 aluﬂi%ﬁsd itk{elr%ﬁ%s' befﬂggtﬁe materi al s

t hat have appeared. proyide .favorabl e roperties have often manifested

t he negat ig)’g‘Paé‘BﬁﬁYat‘faglr‘?sf{’Hé?W’?‘B’élg s&ﬁ%{ﬁé" Gﬁh(g?amwaiﬂslamaappycqnoaced in
contact with a wearer's eye. This has left the selection of suitable

coat ed corfeagitiopgthat will providegoad physialogisg! prsfonmencd. ar gel y an enpirical art
with little ability to predict even the physiol ogical effect of ot to |ot
variations in cSimpéctodtieps lensenbsteate made Goprodesshebic ehomes svitmde from
silicones and ot her hydrophobic materials (e.g., 20 pol yfluorinated

pol ymer s aﬁ@rdiihﬁl‘i/doédami% eerl WiBblt desaithting f&%&ﬂ@ﬁti%ag gﬁra%&g WAl Siot Pr esent

particul ar chal |l enges that m ght be addressed w't ting processes. The

oxygenoPeriRefild tht probienitGldn =& E@Vx\}gss;a?ﬁ' S fﬁcect?egf)gﬂoff ak ﬁgiﬁ% Rb%rn%t( fé rrt]xg%t hem

desirable 1 n many 1 nstances. e surraces o S

-

el S ST B 3 S i 0
_dr yness, gcroiaénggi gr%?:gs’s u%?ifilegsegs]%a%le fgoln? tCh%nlLa(ljtgiél v&-rl;:?ee pla%ed in actual

physiological conditions. Thus, materials that have appeared to provide favorable

properties have often manifested the negative conditions described above only when

15 actually placed in contact with a wearer’s eye. This has left the selection of suitable
coated contact lens materials and coating methods largely an empirical art with little
ability to predict even the physiological effect of lot to lot variations in contact lens
manufacturing processes.

Polymers made from silicones and other hydrophobic materials (e.g.,

20  polyfluorinated polymers and polypropylene glycol) used as contact lens materials
present particular challenges that might be addressed with coating processes. The
oxygen permeability of such lens materials can be very high making them desirable
in many instances. However, the surfaces of such materials typically do not provide
desirable levels of wettability. This, among other properties of lenses made from

25  hydrophobic materials can result in dryness, grittiness, and general discomfort. The
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WO 01/ 27662 PCTI USO0/ 28092 surfaces of such polynmers also tend to have an
af fini t ywbmgeset ai n tear conponents such as proteins, |p@i/gdsocgsbzruci n.
This can result in increased surface deposition and fouling with opaque
deposits when worn. ‘Such | enses can al so becone tightly adhered to the
cornea, potserfaceslolf yudhemdymersatsosend toumvel amaffmity dor destairotemecdmponepist hel i um
Pl asma coati ng processes, aqueous and organi c coating processes, and

surface dershyl 4d groteidnlipidy endiducheThistas eésui @l indfeab@f fffacadepitonds for
coating the hydrophobic Iens material or changing its wettability at the

; T A td i " 1] f
oredi ot ve Mol it 6B GLARE SRk A B 68K Snafibecbn @ity Y, T[0T

predictive production o S Wt hout undue

reliance on. jestin 10 i n physi.okogical condiiions il e one cannot
elimnate ?ﬂ%‘?{eé t°s€’1eﬁ8f"eﬁ’é)[°?e laB}’ie gg{gﬁ\'@/ée’ﬁ%ﬁéﬁ@aﬁf 3] tY‘\gtcP’é"g ine materials
sel ection processes_by reducing the nunber of different options to be

t est ed. SThePithgitnm Bladma geatingprocsssescamcowsyand areamic eaating presessssfard and
beneficial materials conbinations and | enses from naterials conbinations
and | enses sttfate derivitivetions havesadithelen descoibed 3 potentiall mrethogs f6r coating thet ur i ng and
testing of | enses. BRIEF SUMVARY OF THE | NVENTI ON The invention is a
process fOlhyﬂfb%hblﬁ‘iﬁ léhs G@aiérddl lor bigmginpuibsw éttdbilitvat hed@adeer material to

achi eve desirabl e physiol ogi cal performance. In one aspect of the 20

i nvention, the ngxg%ieﬁ@&pc&n&cmﬂ& ﬁfbd‘&éﬁ&h SREd baRst égatﬂ,»gﬁtg}é.s agiga@urface

area expansi on ctor greater than one. The coat w

ub- i or on g 8 Se Rl o iR P ARA T B Yoo BHE 2 | cns
substrate nmade from hydrgphobi ¢ .nononers is coated with a hydrophilic
mat eri 4P had%PRGIAogERlcaR %QP%a&@JBQHEFWOt elgningiersyeh fseag ettethan one. 3

predictive models will streamline materials selection processes by reducing the

number of different options to be tested. They would also provide a means for
distinguishing useful and beneficial materials combinations and lenses from
materials combinations and lenses that are not so useful or beneficial during

15 manufacturing and testing of lenses.

BRIEF SUMMARY OF THE INVENTION

The invention is a process for coating a contact lens substrate with another
material to achieve desirable physiological performance. In one aspect of the

20 invention, the substrate is coated with coating that will have a surface area expansion

factor greater than one. The coated lenses have low physical defect and low surface
roughness. Preferably, they have a sub-micron coating thickness.

In another aspect of the invention, a lens substrate made from hydrophobic
monomers is coated with a hydrophilic material having a surface area expansion

25  factor greater than one.
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WO 01/ 27662 PCTI USO0/ 28092 In yet another aspect of the invention, a

met hodwad opzréé2 ng a contact |ens conprises selecting a ImrwUswesenzat e
‘material, selecting a coating material which will have a surface area
expansi on factor greater than one relative to the lens substrate nmaterial,
coating the | ehsyetabsthewaspectaif ¢he inventionha niethadoaficoatingratentactilensand f or mi ng
‘5 and sel ecting coated | enses having | ow physical defect and surface

r oughnesscorfprides s€lectidgllehs siBshS@RIteTd1 Aldcking icoatigiviietil whiet will
physi ol ogi cal perfornmance is obtained in coated | enses made according io

to this Igyeny ér.ﬁ’f&c? hfeh e&ﬁ%sib‘d@&éﬁ?reﬁ’tfer {h ¥né RESVe tﬁfl‘ltlé Ris sfdre

physi ol ogi cal per ormance or physTol ogi cal conpatrbr Ity 1s marked by a

| ens whi ch ntact w.th th cI| ical confort
(aver age Bl coRing RS ubditale alrial fich isieobling BB, s Bkl 11
(non-invasive tear break up tipe (N BUT)>5 sec), m_ninal corneal

di srupti oAnd %ﬁ}%ﬁﬁ@gé"%‘ﬁﬁ 1SPSeR hayme @Wrﬂ*’é’é!call‘?f%"tt &P‘nF‘H&CQ royghness,q j nj mal
on-eye |l ens spoiling (average deposits < slight) :Alens that neets these
criteria pwfidephysiol ogically conpatible contact lens as the termis used
t hroughout this specification. Virtually any substrate that can be
fashioned into a contact lens can be used in this invention provided it is
optically transparent and IS oxygen per neabl e. 20 Suitable substrates

i ncl ude pRETAHEDINE \ K INVEBNFIONs such as silicone

copol yners, |nterpolyners ollgoners and macronmers. Illustrative

pol ysilicones @&d@@?{ﬁdldgﬁiah perfarinanecis@btained in coated lenses made according

pol ydi met hyl - co-vi nyl met hyl si |l oxane. Qher silicones are the silicone

rubber,g d ed Jan. 11,
1966: B eﬁ%gﬁiﬁ?ﬁmgdsﬁ & rﬁ&?@fgc&é}'?gggm%cfﬁﬂﬂ&f anf\gmhlbéégm, 490 of

Bur di Ck- 1l rnardod SH By RIBLicar Fomphitfifi i natkdd 6PE fen WHRGFHLRRS such as 4

contact with the eye results in good clinical comfort (average comfort > 40 on 50

point subjective scale), good wettability (non-invasive tear break up time
(NIBUT)>S sec), minimal corneal disruption (average maximum type corneal

15  staining < 1), and minimal on-eye lens spoiling (average deposits < slight). A lens
that meets these criteria is a physiologically compatible contact lens as the term is
used throughout this specification.

Virtually any substrate that can be fashioned into a contact lens can be used
in this invention provided it is optically transparent and is oxygen permeable.

20  Suitable substrates include polymers made from hydrophobic materials such as
silicone copolymers, interpolymérs, oligomers, and macromers. Illustrative
polysilicones are polydimethyl siloxane, polydimethyl-co-vinylmethylsiloxane.
Other silicones are the silicone rubbers described in U.S. Pat. No. 3,228,741 of
Becker issued Jan. 11, 1966; blends such as those described in U.S. Pat. No.

25 3,341,490 of Burdick et al., issued Sept. 12, 1967 and silicone compositions such as
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WO 01/ 27662 PCT/1JS00/ 28092 described in U S. Pat. No. 3,518,324 of

Pol mant agp.e1hfsried June 30, 1970. Substrates described irCT/850828092No.
4,136, 250; 5, 387,623; 5,760,100; 5,789,461, 5,776,999, 5,849, 811;
5,314,960 and 5244,981 are also particularly suitable for use in this
i nventi on. deseaibedlin DkSdPapdVo/3s518,324 ofiPopoantee issued Joee B§,11950ucose and 5
propyl ene oxi de and HEMA- based hydrogels are different classes of

substrat es gyBeRAEdACABd AUPPACRDS4,086,250;5,387623; 5760,180¢5,789,861L;Si | i cone
conpositions useful in formng the substrate of this 1nvention are the

cross-|ink 7%’@9%'89?3@??5 SPA 505 MaTiaaSte MsSkhBoyIRHY Qe FRUSPO! yITET S

by neans of™ roditylation, co-condensation and by free radica

mechani sis .such. t hose scri hed b ene | t ent 49 which is

i ncor por at &8 IﬁH@ F@ﬁeﬂf??ﬂ/ %ﬁgﬁsél?lgﬁ?gé’f’%%é@?g&gtg ogﬁelthgg %g"-%gges% substrates
are cross-linked polyners of a,whbisam onpropyl polydi nethyl sil oxane, and
gyl yci dyl mﬁm%léﬁ@,d @%&bﬁeﬁ%aem&lsmﬁ%%@ﬁ@%&ﬁg?sﬂ%gﬁﬁ preferred
substrates are silicone conpositions that are nade from conbining a

met hacr yl atamenabledo thepreces$ ofihlis ioversionmonomers in the presence of a Goup

Transfer Polynerization catalyst to forma macroner that is subsequently

pol yneri zed W t hprefeyell siieBad B Epdsiticils weefuhig fofrhing lthessubstratab€thid ni ti at ors,
reaction conditions, nononers, and catalysts that can be wused to nake GIP

pol ynmers ar; [ e ] RRSA& SABY Erg&liiing SYoxakk W Vebster,
I n Encycl oﬁg‘é%gﬁ)gfahg@lgf#g? l@é%ﬁ%lggland %nogrér}\iéeri g réd. 1(Jrcl)%m %I ey 20 &
Sons) p. 580

o the subdirPeatmarhydhedis o hIdkoREN I Eo SHiRlonRiioRaRE By e b0y TTNCT 1O
can be WademedBismeshet ope descubB b ien in B r et 4 [T RRRE st be
capabl e of remaining affixed to the | ens substrate 25 throughout its useful
i fe (st or apeorporatediiensin byiacferenee. i Morgpreferred silicpne-baseq pubgiratescare
cross-linked polymers of o, 0-bisamionpropyl polydimethylsiloxane, and gylycidyl
methacrylate, cross-linked polymers. The particularly preferred substrates are
silicone compositions that are made from combining a methacrylate one or more
15 silicone monomers in the presence of a Group Transfer Polymerization catalyst to
form a macromer that is subsequently polymerized with other monomers to give the
final substrate. Initiators, reaction conditions, monomers, and catalysts that can be
used to make GTP polymers are described in “Group Transfer Polymerization” by
O.W. Webster, in Encyclopedia of Polymer Science and Engineerig Ed. (John Wiley
20 & Sons) p. 580, 1987.
The coating selected must be capable first of adhering to the substrate. This
can be via chemical bonding such as covalent or ionic bonding or it can be via
physical attraction so long as the coating can be made to adhere to the substrate.
That is, the coating must be capable of remaining affixed to the lens substrate
25 throughout its ﬁseful life (storage time plus the time in which it will be in contact

5
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5 111 WD 01/ 27662 PCT/ US00/ 28092 wth a user's eye). It is also possible

to use W6rW20663n one | ayer of coating. This is particul ZEH{ISYEIPL| o
‘where the coating layer will provide the requisite surface properties (as

descri bed nmpre full el ow), but | ot particularly conpatible w.th the
Subst r at e Vo psiebehok Tkise Bhsiole 8 sty g, Stk SRESRE TR be wsed
-to adhere 5 the hydrophilic coating to the substrate. A coating |layer with
a si gni f i ceasicwiarhbdssirable wherg b wratingolapye wibinravide thegsawigite sarfacgol yol ef i n
substrate through the use of a diamne tielayer in such a schene.

Sel ect i onspropertiesraaticdwribed envse fullysialaw)ehut ¢omatipagiculalydcanpsitiblecwitl tife
necessary) materials is well wthin the know edge of one skilled in the

art. 10 Megs@alb s isélf.i For BRAMPIROA A A} o COMMIIG dgbst @deaded RN GMSredf this
invention. The coating material nust be one that will exhibit a surface

area expangi r t 0 | . . nﬁi‘hl% rate. The
coatin)g;(;SOSlrJ]ir?1 glgglfogiri%l{aacggpa%%itgélsm?ggtt%??c%aghgagé?g&%%Aggﬂglg%ﬁt roE{ghout this
specificatipn, is,the fractional ansi o f .th oated.l ens surface area
due 1o t oot EREey fiia bR BoMEIBARBNAGE wbirtin SROUEN st o8 (o the
final physiol ogical saline solution. The expansiqn factor is arrived at by
measuri ng SRminefsiant & suchaschane elestions eficempatibledenssupgrate. coghing e
coating when taken fromthe coating condition to a physiol ogical buffer.

| n practi cand thélayer &ifi nedessatty ¥ matetigls newsll mitirbthe kavwiadgaiofignd $lelléd inct i onal

I ncrease in surface area due to the coating using atom c force m croscopy
(AFM . Forypxanpl e, the true surface area in 20 an arbitrary AFM scan area
can be determined for the coated article (under physiological conditions)

and t hg, uncoat efjy ﬁdlﬁglﬁn'i@ lenb® foﬁﬂo&&@%é SRR Ted 2 of i;nglgﬂfo hese

measurenents is defined as the coatirg expansion factor. a 20 X 20 m

scan area ﬁe Q?)ﬂlrﬁ% rrfxe{tgrcljal Er;]u%]i bé Qr(xae LI gx%tibelg a guurgc%caleea%rx%gns'iosn i/'zlulz or me, while

greater than one relative to the lens substrate. The coating surface area expansion
factor, as the term is used throughout this specification, is the fractional expansion of
the coated lens surface area due to the coating as the lens goes from the coating

.15 condition to the final physiological saline solution. The expansion factor is arrived
at by measuring the increase in surface area of the lens as a result of the coating
when taken from the coating condition to a physiological buffer. In practice this can
be directly measured by determining the fractional increase in surface area due to the
coating using atomic force microscopy (AFM). For example, the true surface area in

20  an arbitrary AFM scan area can be determined for the coated article (under
physiological conditions) and the uncoated article under coating conditions. The
ratio of these measurements is defined as the coating expansion factor. Using a 20 X
20 pm scan area we might find that the true coated surface area is 412 pm?, while
the true surface area of the uncoated lens is 400.8 um?®. The surface area expansion

25  factor ratio of the coating is 1.0279.



the true surface area of the uncoated lens is 400.8 nR. The surface area

expansi gp gizefact or ratio of the coating is 1.0279. 6 WBCTUsdeo692
PCT/ USOQ' 28092 Paraneters such as pH, tenperature, ionic strength, and

dielectric constant of the coating solution can all be used to select and
conbi ne nmat er i aParambeterssushlak pHi, tpipeyatoreciopicoytengihe hud dielectiqronstianiof
condition of the substrate and coating in a particular set of conditions

(Wi thin cefegbitingitidfordanandriised RoRldchend@dmbihehfaterhlowhithadtied) . For
exanpl e, ionic coating polynmers (and/or |enses) can change vol une

dramat i cal h%P]%&tﬂgb L}%g?er-l;gﬂﬁv@e)mgn 8 OGP S Re Sabstiad £ dAEng §d | N9

relative to rate duri'ng e coating process. Alternatively, the

coating condi.ti.ons, can .arranged such t e is highly
swol | en. TH?@%I%S%P?%‘H‘%S%“&WWB’I ‘i%‘ﬁ"ﬂf&%’geg d[eé%%ieebgﬁorn etﬁg?ﬂrt)%/r?a&steo changi ng
the dielectric constant of the coatjng mutio%ggga ic solvents can be
part i cu$ ar bgnsidsegdl Fepexagnle, demie CoRImeRebmers fan Segk @8 the |enses
often swell by a factor of two or three in solvents such as_ isopropanol,
et hanol , aeelunreidrambticallytvethr gify Thes apHean be chosen tio stk the ceadfing ngs wi | | not
swell so dramatically under those conditions. Also, it is possible to

apply the gaatvetd thedsubstrate datiggltheebatimgspracesb. sol i d, | ow water content
paste. Conbi nations giving an expansion factor greater than 1.00 are

preferred with o RaLlOhS hitld WnliRAISADEL Irffiold Sudf BAlE 1gban 1. 01

bei ng nost preferred. eptabl € coatings can have expansion factors

t th 1, Q3 ti,ll . Wit hi t ' iQn. Ho ,
Joati nos. ¢ asuateshiEbi St den, JBitleh Ytdn bERoREARS Bing BftpbalfELe O, Fovever
co_ntri but es to_surface roughness éﬁ beyond fhat ﬁescr.igﬁd e%s ac%ﬁpt able in
this sp8ci changingthe dideatigeansiRtoidhe EoANE g U e (MBI SHEHR AR Bubst r at e

materials that will result ‘in an expansion factor greater than one
i ncl ude, f partierkariyluscfuhfon silispnghydrogel lens substrates where the lenses often swell

by a factor of two or three in solvents such as isopropanol, ethanol, acetonitrile,
tetrahydrofuran. Very hydrophilic coatings will not swell so dramatically under
those conditions. Also, it is possible to apply the coating to a hydrated lens as a

15  solid, low water content paste. Combinations giving an expansion factor greater than
1.00 are preferred with combinations giving expansion factors greater than 1.01
being most preferred. Acceptable coatings can have expansion factors greater than
1.03 and still be within the scope of the invention. However, coatings cannot be
used where such a high surface expansion factor contributes to surface roughness

20  beyond that described as acceptable in this specification.

Combinations of coating materials and lens substrate materials that will
result in an expansion factor greater than one include, for example, non-ionic
silicone hydrogel substrates with water content between 20 and 50% and anionic
coating polymers such as polyacrylic acid (“PAA”), poly(methacrylic acid),

25  poly(itaconic acid), poly(maleic acid), poly(sulfopropyl methacrylate sodium salt)
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silicone hydrogel substrates with water content between 20 and 50% and
~ani oni VO@HAI6hg pol ymers such as polyacrylic acid ("PAAP§T/US0028092
“poly(nethacrylic acid), 25 poly(itaconic acid), poly(naleic acid),

pol y(sul f opr nme e sod m sal. 1/ 62

PCT! US00/ 2565%355*&) L m%ma S ot prnmPates cp R Sate ot ARk
‘(coating done at |low p ,..hon-ionic silicone hydrogel |enses with
non-i oni c 489 mrw@eathcrcrgehx@eaeléelses péthypearignis polyaner sepiRgsfemasr v ani de,
pol yvi nyl al cohol, cellul ose, dextran, polyethylene oxide. 5 . The coatings
are appli qnbl)abryﬂztmidsm’ryﬁmﬁlalcadahid@bmlweiayllambhult, célldosepdentchn, 500 nm
thick). They are prepared and applied as aqueous sol utions, suspensions, or
col | oi ds citi@énetdXiddd. €¢d t0 the substrate according to any process that
will put the coating in uniformcontact with the substrate. For exanple,

| mer si;on,  spr aifﬂer&atmggagé %ﬂféd AR S%Bmcrslqg%ae g,efvg Ry eghuﬂmﬁﬂ afPP! i cation

t echni ques. | Mmersion spraylng are t processes si nce

proper thigknes d.yniformt oatin npst _eas

D obnpl | ot 1 Ao iR pF eherbeend SplE R Bt isintiaR, susBesidhe.or

t hi ckness at the submcrgn |l evel is ach| eved by preparing a_dilute polymer

sol ution oolleisisand themeapphediio the sybsigteaceending to gny prasewsthaiwilkpuithe and 6. 0
wt % of PAA. A silicon-based pol yner substrate is then imersed in it for

bet ween 1 goating i anfbrib20ntactiwith sheatubsteatpeFart exasple immeddor; spalyimgned by a

five step rinse over approximately 30 mn in which the unreacted pol yner

is washed wWehingShd 8pia cobtidd &€ Qll vsetul Ashlisatist leblihiqidie hReass atist al so
| eave t he coatl ng with a | ow physical defect profile. A |ow physical

O ot P g, b A g S U SR, o2
hol es or tc%%{mg arear}lost easily accomplished with them. In the most preferred embodiment,
coating thickness at the submicron level is achieved by preparing a dilute polymer
solution of coating material such as a solution between about 0.1 and 6.0 wt% of
PAA. A silicon-based polymer substrate is then immersed in it for between 1 min
15  and 120 minutes at temperatures of 5-80 °C followed by a five step rinse over
approximately 30 min in which the unreacted polymer is washed away using a
buffered saline solution.
The process must also leave the coating with a low physical defect profile. A
low physical defect profile, as the term is used throughout this specification, means
20 that once coated, the coating layer has no physical defects such as holes or tears that
are greater than 4.6 pm across along the longest dimension of the defect. Holes or
tears less than 4.0 pm are preferred with those less than 0.5 pm most preferred. This
parameter can be met by applying the coating under conditions sufficient to reach
confluence and by ensuring that all parts of the lens substrate are exposed to

25  essentially equivalent coating conditions. For example, the process must require
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are greater than 4.6 gm across along the | ongest dinension of the defect.
Holes or_ tears less than 4.0 mare preferred with those S 0.5 m
nost préygln?’é"(fﬁz This paraneter can be net by applying the coating under
conditions sufficient to reach confluence and by ensuring that all parts

of the | en%@gﬁé&&%ﬁg@&%ﬁ?ﬁ?% ilPa&ﬁaﬁ&?&%ieﬁdsl(éﬁgg\g/\%js pd coating

condi ti ons. exa rocess nmust require 01/27662

cloment s (ARt AoL TRl A PR G Blustion BB berdfle [T 0T

di stributed when averaged over tinme. Processes that require contac
bet ween a tRyeeessesdhat requireecogtact 'PFéWF‘Fq(%to&ﬂdn Pce iOBWC(Jﬁ(% and @ ROLHAN f iy j ng
coating will not generally neet this criteria. Solution coating 5 processes

i n which t Hbe leasdusugpenatiagavill not genstallyfmesh thiseritgria. Solutiemenating sol ution is
I sotropic and not diffusion |limted are nost preferred. Additionally, no

debris ar iosdssesinwhithatht &eb stisstriateds Freely floating bad the coatimpsobation isur f ace i s
formed to which the coating may adhere defect free. This surface

honmogenei t yiqk "Whiﬂ%@ HRRAES are At R&%ﬁd&h@@cﬁliﬁ&ﬁ%’?ﬁd @ébr{s@@mai NS) on

the lens nust De snmaller than 4.6 gmin 1o dinmension. In the aspect of this

I nvention that .i n¥pl v the.selectio ' ' s criteria
will precl LfE’éE ‘ﬂ‘?gycﬁaé@g%fo § Il%gostrh tn%hm%%?%egs‘ggr %}91\?&5‘%;6{3{?9& g"pwh%l%ﬁet es
greater than 4.6 m In the_, aspect_ of tElg Llnvention I n.whi CQ coat ed
subst r at es GpeERg M3y eAhere defeh froce Tt Surfage BPagSnSHY FeAuigTISNtA’0 MRS not
meeting this criteria are discarded, any 15 nethod for detecting surface
def ects of thifianyghase scparatien Gleplainsd an thelenrs mustihs smatlanthpn oy In f or
exanple, Atomi c Force Mcroscopy (AFM, stylus and optical profilonetry,
and el egt r dim@hsioR sty aspeet ofthisgnention thagirkobes therseMctiomsfapging | n
addition to providing the coated | ens substrate with a | ow defect profile,

§ gﬁg ﬁ;}gg 25 SmAdRhls th SRR fHecl6aathe dse sisolymbms kubih té fdrivwdidy drace
spherulites greater than 4.6 pm.
In the aspect of the invention in which coated substrates meeting this
requirement are selected for use and those not meeting this criteria are discarded, any
15 method for detecting surface defects of this size can be employed. Such methods
can include, for example, Atomic Force Microscopy (AFM), stylus and optical
profilometry, and electron microscopy including Scanning Electron Microscopy.
In addition to providing the coated lens substrate with a low defect profile,
the process must also imbue the coated substrate with a low surface roughness
20 profile. A low surface roughness prqﬁle, as the term is used throughout this
specification, is a peak to peak surface roughness of less than 475 nm over any 10 x
10 um area on the surface of the coated lens substrate. Peak to peak roughness is
defined as the difference between the highest peak and lowest valleyina 10 X 10
pm image area. This criteria is met by ensuring smooth molds and smooth uncoated

25  lens substrates as well as controlling the amount of coating applied to the lens (as
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20 profile. A low surface roughness profile, as the termis used throughout
this swo®RYesati on, is a peak to peak surface roughnessPCE/USOHZ80Ohan 475
‘nmover any 10 x 10 gmarea on the surface of the coated | ens substrate.
Peak to peak roughness is defined as the djfference between the _hi ghest
peak and |dsferdhedaboye)sojthatit deps ot preats cxpesgive spughnesspfdhe syrface; U8s net by
ensuring snooth nol ds and snooth uncoated 25 | ens substrates as well as
cont rol | i npptérie4.265,048 and 4640489 deseppbb imathads of makingwoldasneeting ithdse WO

01/ 27662 PCT/ US00/ 28092 descri bed above) so that it does not create
excessi ve fequigétnens. Bbthipaeenssurt asdrpdrfied Rateibypreferbice. 348 and 4, 640, 489
descri be nethods of nmaking nolds neeting these requirenents. Both patents

are | ncor por at eth ighgicd BhE SIVERANEFr whilh thfed SR EhtPndelifiz iRy ENL 1 ON 11

whi ch coated substrat'es neeting t requi renent are selected for use and

those not neeting.this.criferia are, discarde ny .net hod,.f or, det ecti ng
surface r oﬁ’&H‘ﬁ%@%‘t&F ¢ f‘ﬂ?c%eqlnéé HP% Hggth%sgrpqgglegﬂw %%Wtegﬁé?? diSeardedyany: an

i nclude, for exanple, AFM light scattering suych as that perfornmed with
the Goni on®eticd fexfstecime sprfpedipghyessiek thisFagnipdeen be employed.oPshc a|

m croscopy, and environnmental scanning electron m croscopy. Methods
amenabl e t methots cant indlude, ﬂonsmmle,thMyggmamhigmgcmmamrmedwéth
preferred. The optical mcroscopy nethod is preferred in a manufacturing
setting if tHehGomGhegialOptical Sxttefing Irstrampat(GOST, ditkseptidahgidrbscoppat i ng
uniformty. This nmethod can be readily automated so that coated |ens
substrat es, a0, PedahfRbleYect

di scar ded %ase oﬁﬂ}gh%r ogra%%ecggmﬁﬁgﬁg?ﬂge?ﬁ;ggge%{g%ql%on#lgg?ltg{ee?i a for
surface, 1s. roughnes . | ool of .the invention in which
coat ed ?% ub EI{SP%?Q]@ g%ﬁé\??’g éﬁé%gﬁ‘g‘r]\‘g@&&fet e gFefg%fafe glf:hee e ¢ € gl B %ﬁgv %n fact or

reater than one (relatjve to the Lens suhstrate), the )
d method 1s re%errecf in a manufacturing setting 1f the optx)cal microscopy is capable of

observing the coating uniformity. This method can be readily automated so that

coated lens substrates can be automatically inspected and selected for use or

discarded based on a programmed command using the selection criteria for surface
15  roughness described above.

The aspect of the invention in which coated substrates having coatings with a
surface area expansion factor greater than one (relative to the lens substrate), the
coating has a low defect profile, and a low surface roughness profile are selected for
use and those not meeting this criteria are discarded, the process is conducted as

20  follows.

A lens substrate and coating combination are selected as described above. A
lens substrate is formed from the material selected for its use using any known
method for forming such substrates. The process described in US Patent 4,245,069
(incorporated herein by reference) is suitable for this purpose. The lens substrate is

25  then coated with the coating matched to substrate material so that it will have a
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coating has a | ow defect profile, and a | ow surface roughness profile are
sel ected _for _use and those not neeting this criteria are_gl , the
process WO WUBIHEct ed as 20 fol lows. A lens substrate and ggg/%&%&ﬁﬁ

conbi nation are selected as descri bed above. A |ens substrate is forned
fromthe i i ' 54 (NGhcAPY AHOUN T U BTRGFdl A f OF M g
such subsﬁ%ﬁ%ﬁ%p%ﬁ%gggﬁgég%ﬁ?gﬁéﬁx yn %%cPatent 4, &A{g,BOGQ ‘
(i ncorporatged herei.n reference) .is suitable for this,purpese. The |ens
substrate i e%%ﬁé%ﬁ‘%&ﬁf‘g‘a ¥ S%ﬂ%‘s’w%ﬁ & A AEHS ! l?f)ls"?ﬁéete mat eri al
so that it wll have a 10 WD 01/27662 PCT/ USOO 2809F surface area
expansi on feaating toghe substrateisush thagthe gaaling 15@8“‘%’6()\%’."3 et banding¥Ser r ed t hat
the coating is adhered to the substrate by contacting an aqueous sol ution
of the cogtrefaged.oOhtrethe Idnstsnbsteatesis chated ittmayhke sibjecteddo iagy pumberkf Coval ent
bonding is preferred. Once the lens substrate is coated it nmay be

subj ect gd t;ddnidvalstepaakatafe onddeted irtha maupare bhtomact lensexd THeselcann t he
manuf acture of contact |enses. These can include, for exanple, swelling
and washin iR S ETNR 2R wakktlh) si4ps uRdidditith ofSAdiftACS AlthS:
extractionqg‘?é%ég%%rn%éagﬁgg%ﬁe{ E&t a poi%t ?ter t#\e c%ati ng I's adﬁered to

the I ens substrate and preferabl fter any internedi ate steps just
descri bed, SPF{IQCtFIétﬁ’sex&r&ﬁtP%St%bﬁngﬁfce@(efo i nspection for to physical defect

profile, roughness profile, or hoth. This can be. facilitajed_and automated
by preparing theAtcaprintafteptherogtiag ‘éiaﬁ?erﬁa&? &eéﬁ}sf“gﬁ%"r @%&f"ﬂ%@yt he
substrate with the coating material. Those |enses found to neet the

sel ecti on cafiet any imtermediatestiensgush descaiedhdhe lons eanbreyubjegteddp snspegtionifoh and
those that do not are discarded (i.e., not further processed for

commer cjeal physicali deféct profile, 1oughnessrpradileye both.oTikeis cambe ficilitated md | st i cal
approach to the selection process. This is done by identifying a

stati sti cal },yorhfb@YRPlepRRRgHiRichRthgbith 8 8in)pkdRrable before coating the

substrate with the coating material. Those lenses found to meet the selection criteria
proceed to packaging for commercial distribution and those that do not are discarded
(i.e., not further processed for commercial distribution).

15 Alternatively, one can take a statistical approach to the selection process.
This is done by identifying a statistically relevant population of lens within a
prescribed unitary portion of the lenses produced (e.g., a commercial lot) and
analyzing a number of lenses sufficiently representative of the population so that one
can be sufficiently confident that all members of the population have the préscn’bed

20  physical defect and surface roughness profiles. Those populations having such
criteria are then selected for commercial use. Those populations for which such
confidence cannot be displayed are either discarded or subjected to further
evaluation to determine whether some portion thereof can be selected for

commercial use. When this alternative is used, a confidence level of 83% for surface
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prescri bed unitary portion of the | enses produced (e.g., a commercial |ot)
and anADWi2#g2a nunber of | enses sufficiently represent BETES0¢2800he

"popul ation so that one can be suffici ently confident that all nenbers of

t he popul ati gn have the prescri bed 20 physical defect and_surface roughness

profil es. rqwiugssd(rahyyeal %gﬁ?ra@ﬁéwﬁeqtem Arcopfidencedensh okl leasted for
‘commer ci al use. Those popul ations for which such confidence cannot be

di spl ayed 98Peisgirefemed.di scarded or subjected to further evaluation to
determ ne whet her some portion thereof can be selected for comercial use.
Wien this alterTtatinvention willdd fuahadabdribed by thefotlowdig Badirhitihgsur f ace 11

1i 11, WO 01/27662 PCT/ USOQ 28092 roughness and/ or physical defect profile
is requir jsonfidence | evel of at least 98%is preferred. The

i nvention be further described by the followng nonlimting exanples.
5 EXAIVPLES Exanpl e 1: Substrate Formation 12.5 g KOH were added to 350 g
of 20 m)l e propoxylate of methyl glucose, available from Arericol Corp.,

Edi son, NpxA88pfRYCAMIM P-20, in a high 10 tenperature/pressure reactor.
The mxturms_ﬁ—ted to 105 C, stirred for 30 mnutes with nitrogen

spar gi ng, ﬁnd élrég §§§ !% %VECL{L&@ After repeating the sparge/vacuumtwo
nore tinme dtoriseto 10 psi and the tenperature
i ncreased to 125 1922 yl ene oxi de re added adual | y over 7
hours while rra.lr%%grm@ “aer?)a%teﬁwé%s% gms%ﬂ% ‘%éﬂi%)‘a&%ﬁoée’of 135 C

15 After continuing agitation overnight, 947 g et hyl ene oxi de were added
f ol | owi ng available from Americol Corp., Edison, N.J. as GLUCAM™ P-20, in a high

10  temperature/pressure reactor. The mixture was heated to 105° C, stirred for 30
minutes with nitrogen sparging, and then pulling vacuum. After repeating the
sparge/vacuum two more times, the pressure was allowed to rise to 10 psi and the
temperature increased to 125° C. 1922 g propylene oxide were added gradually over
7 hours while maintaining a pressure of 30-40 psi and a temperature of 135° C.

15 After continuing agitation overnight, 947 g ethylene oxide were added following a
sinﬁlar procedure. The product was neutralized with 9.1 g phosphoric acid and
filtered with dicalite to give a slightly hazy liquid with a hydroxyl number of 28.3
mg KOH/g

To a solution of 200 g of this product, 21.0 g triethylamine and 342 mg N,N-

20  dimethylaminopyridine in 600 g dry ethylene glycol dimethy] ether at 40° C were
added 32.1 g of methacrylic anhydride in 250 g ethylene glycol dimethyl ether
dropwise to the reaction flask over a 7 to 8 hour period. The reaction was continued

at 40° C for 7 days.
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simlar procedure. The product was neutralized with 9.1 g phosphoric acid
and filywey@dsgeth dicalite to give a slightly hazy |i quiecwaisde2sesaydr oxyl
nunber of 28.3 ng KOH/ g To a solution of 200 g of this product, 21.0 g
triethylam ne and 342 ng N, N 20 di net hyl am nopyridine in 600 g dry

et hyl ene gl ycol Theveidiion tehperatusd wdddécremsedto 250 dahd30Imbdeibninet Water vyl i c
anhydride in 250 g ethylene glycol dinethyl ether dropw se to the reaction

flask ovel et At TIRH %gﬁo%?&étigﬂﬁiiﬁ?&wmtiﬂﬁeﬁ el hﬁﬂ%g 59t 40 Cfor 7

days. 12 28092 The reaciion tenperatiure was decreased

to 25 C and 100 dei pni zed ter re the r tion

m xt ure wastd3eoHs yélEpclt‘1 “?.aﬁl‘hs\s,\o? na 6@‘%0 @gﬁgﬁwgﬁ%“%ﬁfﬁﬁsol ution.
600 g of AMBERLI TETM I RA 96 were added and the mixture stirred for one and
one hal f hoandghe fivcure\EERd FairoTv anfane Balfhours 5 The AMBBERBITE™ IRA96 wias and t he
m xture volatilized at 30 to 35 C under reduced pressure. Approximately 1 L

chl or of fmfé@}% tFftidn bHE tHeSRtnirk RBlatiligd A 3048 35v@3maer dikdedan equal
vol une %f ogﬁg%g!s sofltl??i on of godi Sr#bi carbonate twice and with

saturated sodi um chl ori.de, once. .The.organi c .l aye . ugh a 400
g silica bef*sS¥6o r?)’fmi?:“ﬁ%ﬁﬁo@%ﬁgoﬁ&%%aﬁg@%&%\é?%é‘ R@ﬁgﬁ# g{a%f orm 10
renoved under pressure. Approxi rrg%oe y 75 m _net hanol,. V\eté.e dded _and t hen
removed undwashed witha egpalowalymae phy Yelayseus olyten At seHPE e BPARAGE S el d a
macroner. A blend was nmade of 11.2 wt% of the macroner, 40 % TRI'S, 28 wt %
DMVA, 0.8 w dDARCSIHRTNR 56di8m chieridzeowices Theresganigllayerwas passedithweughcired in -
15 contact lens nolds by exposure to Wlight for 30 mnutes. The nolds were
0peneg andh4<meg Linesksl. NebeRg 6f4-nitimxgphénehderfaddsdmdthachloraforn wat er

rinsed wt

10  removed under pressure. Approximately 75 ml methanol were added and then

removed under reduced pressure to remove residual chloroform and yield a

macromer.

A blend was made of 11.2 wt% of the m'acromer, 40 wt% TRIS, 28 wt%
DMA, 0.8 wt% DAROCUR™ 1173, and 20wt% 1-hexanol. The blend was cured in
15  contact lens molds by exposure to UV light for 30 minutes. The molds were opened
and the lenses released intp a blend of isopropanol and water, rinsed with -

isopropanol, and placed in borate-buffered saline.

Example 2: Substrate Formation

20 Silicone-containing contact lenses were prepared according to the following
procedure. 500 g of o.,m-bisaminopropyl polydimethylsiloxane (5000 MW) and 68
g of glycidyl methacrylate were combined and heated with stirring at 100° C for 10
hours. The product was extracted five times with 1500 m1 of acetonitrile to remove

residual glycidyl methacrylate to give a clear oil.
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| sopropanol, and placed in borate-buffered saline. Exanple 2: Substrate
“For mat iwe ¢dB7682| | cone-cont ai ni ng contact | enses were preperasozsosz ding to
‘the following procedure. 500 g of a,a -bisam nopropyl polydi nethylsil oxane
(5000 M and 68 g of glycidyl nethacrylate were conbined and heated with
stirring at 100A®Gldndrof26.35hwetpescent hEthis rwdctin praduat,@y.3cwedercemta-t i nes with
-1500 m of acetonitrile to renove residual glycidyl nmethacrylate to give a

cl ear oi | . mdhadryloxipNopyid(RitEGRy IRMHHNSOHyRIARS 274 Wi percerd™,R5. 35 wt per cent
of this reaction product, 25.35 wt percent 3

met hacr yl Od‘i){r%g%?%/#é—;l}liaéﬁ%erib.\A@ER%?e%eh?%%&ﬁﬁﬁ?ﬁ-ﬂeﬁ@maph%ﬁylv?’px’%axp?-ro?x@nt N, N-

di net hyl acryl rcen

2- hydr oxy- 2- qet.hyl -] - |- -1-one ai | ab as, D M 1173, 13.2
AR AT LY S de e T R R

octanet hyl cycl otetrasi | oxane was cured in a contact |ens nolds using W

| i ght . STheperoént octamethydqyelotetragitoxane s sured|in asettariiens moldsusipgldY and t hen
transferred into a borate-buffered solution. Exanple 3: Coating Sel ection
and Appl i CRglitoThe hioldy waRlopbhedandllefides reledssd imd &oprpansiandtthen of 13.75 m
of a 1M solution of TBACB in THF, 30.Qg bis(dinethylam no)nethyl sil ane,
61.39 g P-¥lsPifed infote Botatd-thifefidl sofiRfopacryl ate, and 1892.13 ¢
2-(trimethylsiloxy)ethyl nethacrylate in 4399.78 g THF at 14C, under a N2
at nosphere, was added 191.75 g of 1-trinethylsiloxy-1-methoxy-2 15

met hyl propene. 30 ml of additional TBACB in THF (0.40 M was added over a
period of 260 mnutes,, during which tine the reaction m xture was al |l owed
to exot hef P2 S m nutes after addition of 2-

10  Preparation of the substrate
To a solution of 13.75 ml of a 1M solution of TBACB in THF, 30.0g

bis(dimethylamino)methylsilane, 61.39 g p-xylene, 154.28 g methyl methacrylate,
and 1892.13 g 2-(trimethylsiloxy)ethyl methacrylate in 4399.78 g THF at 14°C,
under a N, atmosphere, was added 191.75 g of 1-trimethylsiloxy-1-methoxy-2-

15 methylpropene. 30 ml of additional TBACB in THF (0.40 M) was added over a
period of 260 minutes, during which time the reaction mixture was allowed to
exotherm, and then cooled to 30°C. Sixty minutes after addition of 2-
(trimethylsiloxy)ethyl methacrylate, a solution of 467.56 g 2-(trimethylsiloxy)ethyl
methacrylate, 3636.6 g mPDMS and 3673.84 g TRIS and 20.0 g

20  bis(dimethylamino)methylsilane was added, and the mixture was allowed to
exotherm and then cooled to 30°C for 2 hours. A solution of 10.0g
bis(dimethylamino)methylsilane, 154.26 g methyl methacrylate, and 1892.13 g 2-
(trimethylsiloxy)ethyl methacrylate was then added and the mixture was again
allowed to exotherm. After 2 hours, 2 galions of anhydrous THF was added,

25  followed by a solution 0f 439.69 g water, 740.6 g methanol and 8.8 g dichloroacetic

14



(trimethylsiloxy)ethyl nmethacrylate, a solution of 467.56 ¢
2-(tri new@%/g),dngy) ethyl nethacrylate, 3636.6 g nPDVB anﬂé@@% 28620 TRI'S

and 20 I s(di nmet hyl am no) net hyl si | ane was added, e mxture was’
allowed to exothermand then cooled to 30C for 2 hours A sol ution of

10. Oy  bi s(aérd%remﬂeasmmh%%%a €00l de¢in %wmerﬁeﬁhlﬁﬁféw&rrxhﬂéa and
1892. 13 g 2- (trimet hy sil oxy) et hyl nethacryl ate was then added and t he

m xture wa wed ter, u 0

anhydr ous %?—fl’—gaég réglaeég‘“ a(?l‘?lg%gﬁ ﬁ;}oﬁ'{ ?8?15913@%58?“9,&%@% aﬂs\%t er, 740.6
g nethanol and 8.8 g di chI oroacetic 14 WO 01/27662 PCT/ US0O0/ 28092 aci d
after the 435, iwith additicr ¢ftnlgne to a1d an redwnal efova@arCuntihevapox tamperatass
refluxed for 4.5 hours, heating with an oil bath atl 10C, and volatiles
were disti |o'fQ‘i’0‘Q‘ffsr@écheé35Q wi th addition of toluene to aid in renoval of
water, until a vapor tenperature of 110C is reached. 5 The reaction flask

e ook L LB it Railh ¥l T e e B RS0 o o

30C. The toluene was evaporated under reduced pressure to yield off-white,
anhydr ous, gwhbytyltmelilauiatewasiaddsde The Higturd wanreadtedfor G haurs,dhen axfoladhe
macronmer 1is 1.69 nmmol/g. 10 The pol yner was nade froma m x of about 20%w

nacroner, 283640\ TheoNRAE Wasevagoratyd Mifdey diBdd pressaid %3818 of 2RkME, DVA, and

remai nder addi t i ves, dil uent and crosslinkers. A coating would thus have

to be sel eqhad i o/l 9as.c UL A0 e SRR SH DK SAIRELE ALG AL e | ens

substrate, Ieve atlve expansion or greater
than 1. POLQ/&%%P{ i.c acid) (PAA) was thus 15 selected for use as the
hydrophi | i ¢ %‘? &The I ens was coated with poly(acrylic acid) (Mv =250

| cD) using the follow ng conditions:
10 The polymer was made from a mix of about 20%wt macromer, 28.5%wt

monomethacryloxy polydimethyl siloxane, 26%wt DMA, and remainder additives,
diluent, and crosslinkers. A coating would thus have to be selected which was
hydrophilic, chemically compatible with the lens substrate, and which would achieve
a relative expansion factor greater than 1. Poly(acrylic acid) (PAA) was thus
15 selected for use as the hydrophilic coating. The lens was coated with poly(acrylic
acid) (Mw =250 kD) using the following conditions: | |
1. Lenses were dispersed in a 3% (w/w) aqueous solution of PAA [0.35% in
water (w/w), 250,000 ave MW, CAS# 9003-01-4] @ 3 mVlens
2. EDC ([1-(3-dimethylaminopropyl)-3-ethyl-carbodiimide, 98+%, CAS#
20 25952-53-8]) was added as a powder to a concentration of 0.3 % (w/w)
3. Reaction was carried out in a bottle at 21 °C for 1 hr. The pH was less
than 4.0.
4. Lenses rinsed by 4 exchanges with borate buffered saline solution.

5. Lenses were vialed and steam sterilized.

15
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1. Lenses were dispersed in a 3% (ww aqueous solution of PAA[0.35%in
‘wat er (WOwW)/276820, 000 ave MWV CAS# 9003-01-4J @3 m /| ensPQT/USDHY28092
“([1-(3-di net hyl ani nopropyl ) - 3-et hyl -carbodi i nmi de, 98+% CAS# 20
25952-53-\%) was added as a powder to a concentration of 0.3 % (ww 3.
Reacti on whgoated poniect dens hawing approximatgly Gl ng/omyof PAH wasthe isiulhas | ess
‘than 4.0. 4. Lenses rinsed by 4 exchanges with borate buffered saline
solution. 5. L&FNemalysiscofithatmteddens ssréaamwas ghenl dondakted Bsiga Migital662

PCTI1 USO0/ 28092 A coated contact |ens having approximately 0.1 g/cn2 of PAA

was the rgastiimeré Mimbadiors3 FO00AFM) dnta@ad ®erd RG6iredwitheentaetsmbdeAFNPNduct ed
using a Digital Instrunents D nension 3100 AFM |mages were acquired with

cont act WQ%ﬁlagSﬁFQfgé gkgmna c&,tﬁévé}viﬂhn%ggn gaamé Sl§or. m‘gg% fofteRMski NY

sol uti on. rce ‘as 5 m ni efore data was qui red and was

typically <.10.n ma re 20 .X .2 m.ar \thin the opjigal zone,
o't he San BB herE S S aFudite g S NHBHES 4 BN Tihete ViDL e 6
evaluated for a total_ of_ nine afo X 20 mimges on each sjde._ Root nean
squar e ( RMS) Hmricaseyhinghe aptical zoRsm AR the apterios andppstersen uirfacs ekeachsi ng 36 10
X 10 mareas fromeach side of the lens. Dramatic folds were 10 observed on
t he surf aclens. Thesedefisss sieracvaliatadi foat itatal affnind 20 X\ad hinngragds drheachoat i ng
relative to the underlying substrate. The coating surface area expansion

fact or wassidé akéstiméadqase (RMS)iaha pesibpViab Youphapavali@s weee edléulated sur f ace
area of the coated article with the corresponding surface area of the

uncoat ed | ey 300 % |13 48 SNEAGIA hIRMUNDAAAL kens,ues shoun Lo be

unaf f ect ed pH so 15 nmeasurenents were carried out at pH 7.2. The
resul ting expansi on, f [ 14 .10 1. 043, addi.tion, the
coatin Su?etfsglévgﬁ éj%ﬁlll%;s"\frgage. - L Agse r{gﬁ%éfe(xpgfggt&e oﬁﬁe swgifing o&“ the coafmg

relative to the underlying substrate. The coating surface area expansion factor was

calculated as described above by comparing the actual surface area of the coated
article with the corresponding surface area of the uncoated lens. Note that the
surface of the uncoated lens was shown to be unaffected by pH so both

15  measurements were carried out at pH 7.2. The resulting expansion factor was
determined to be 1.043. In addition, the coating surface exhibited a mean RMS (root
mean square) surface roughness of 25.2 +11.2 nm and there were no coating defects

(uncoated areas) observed greater than 4 pm.

Clinical studies were carried out for the coated lenses described herein. The
20  clinical studies were conducted as a 30 minute contralateral of the PAA coated lens
against the uncoated lens (N=10 eyes). The coated lens was wettable on eye with
good clinical performance over the 30 minute trial. The coated lens was more
wettable, had a lower incidence of corneal epithelium disruption and reduced

discrete deposition compared to the uncoated substrate. No discrete deposits greater
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mean square) surface roughness of 25.2 11.2 run and there were no coating
def ect s wigip9gbed areas) observed greater than 4 m Qi nggﬁh Sudgh,es were
carried out for the coated | enses described herein. The FI ni caI

studi es were conducted as a 30 mnute contral ateral of the PAA coated |ens

agai nst t hahaslipht @drd chservediond theytarel. lens hifeit aflcd 8sdlenBadii t abl e on eye
with good clinical performance over the 30 mnute trial. The coated | ens

was nore  veiilaRkef miifidiepotif¥fr | nci dence of corneal epitheliumdisruption
and reduced discrete deposition conpared to the uncoated substrate. No

di screte deposits greater 16 WD 01/ 27662 PCTI USQQ 28092 than slight were
observed on t he Ibaexamnleshowsihatshe peating vith aswvelling ratigeregter thawpeence of

m | d deposition. This exanple shows that the coating with a swelling ratio
gr eat er t havasable toweduca theedisaretesurface depesitiors trraild os lasé acthisctywdys whilen t o
mld or less in this study, while 5 maintaining good wettability of the

| ens on st henfigRinitgX getd wetthbilto af tHederbadrelit epd) and Application A |lens
substrate was prepared froma polyner of crosslinked GIP macroner of the
type described in Exanple 3 and pol ydi methyl siloxane. The polynmer was io
made froma nononer and addltlve m X conprising about 18%w macroner, 21%u
pol ydi met h . DVA, and renai nder additives,

di l uent, afmtf=cT ' ] oated with poly(acrylic acid) PAA
by the nethod dEfCI‘I bed in Exa 3 A coated contact |ens having

appr oxi mately 0.4 atedv(asmmpaﬁg} fromiapolyraer of fresslinked ! GER magtomeie | ens
was the result. AFM anal ysis 15 of the coated | ens surface was then
conduct ed & thtetype d¢sedbédinExample3 3nd peludimethyi silokanee The pblysrevaadson t he
surface. These folds are indicative of the swelling of the coating

rel ative tanddedrdmndendnyires andibdditivg ix conepristitdbogt ¥ watRacdhtes, 2IYH/NSi on

polydimethyl siloxane, 21%wt. TRIS, 25.5%wt DMA, and remainder additives,
diluent, and crosslinkers. The lens was coated with poly(acrylic acid) PAA by the
method described in Example 3. A coated contact lens having approximately 0.1
pg/cm® of PAA per unit area on the surface of the lens was the result. AFM analysis

15 of the coated lens surface was then conducted as described in Example 3. Again,
folds were observed on the surface. These folds are indicative of the swelling of the
coating relative to the underlying substrate. The coating surface area expansion
factor was calculated as described above. Again, since the lens surface was shown
to be unaffected by pH both measurements were carried out at pH 7.2. For these

20 lenses, this expansion factor was found to be 1.013. The coating surface exhibited a
mean RMS (root mean square) surface roughness of 13.3 + 6.3 nm and there were no
coating defects (uncoated areas) observed greater than 4 pm.

A clinical study was carried out on these coated lenses. The study was a one

week contralateral with ACUVUE® lenses (Etafilcon A -based uncoated hydrogel

25  lenses available from Johnson & Johnson, Inc.) as the predicate lens. The clinical
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factor was cal cul ated as descri bed above. Again, since the | ens surface was
shown o dig7spaf fected by pH both nmeasurenents were car picgfjsosisods PH 7. 2.
For these 20 | enses, this expansion factor was found to be 1.013. The
coating surface exhibited a- nmean RM5 (root mean square) surface roughness
of 13.3 Ofirdifigs inditatelthatahe\PAA cvateddedd wiagstatistieallysidenticad a6 ACUVEES®)
‘observed greater than 4m A clinical study was carried out on these coated

l'enses. ThRnsdsylvhe/iRSasfRBMAforY QRIS tdr?ﬁs%& hréttability, anG@ibdebet Hipdsasses
(Etafilcon A -based uncoat ed hydr ogel | enses avail able from Johnson &

Johnson, cate | ens. The clinical 17 WO 01/27662
PCT/ USOO/ Z%éhea@} n ?r%gsgtgl ndi cate that the PAA coated | ens was

statistically igdentical.to ACLTYUE enses in.the area ort,

o ttineas,  dryABReaRpleRleRE Yt hRAAFGERIES Hihas Remindr B one. week
study. This exanpl e indicates that a PAA coated | ens wth an expansion
factor of g®atgrhandr0khasmeached a knys! ofnerfommancel similer tofthggafor mance sinmil ar
to that of a comercially avail able conventional hydrogel |lens with
respect tocominerilly dvailable eproentionad hiydriogeldensawith oespéatno pleptabitityogy. Exanpl e
5: Coating Selection and Application 10 A lens substrate was prepared from
a pol ymer gé &,{tq&sgtaﬂbléqu@'ﬂam@rm@y_ of the type described in Exanples 3
and 4 and poI ydi met hyl siloxane.” The polymer was made froma nononer and

additive m x conprising about 18%M macroner, 28%wu nononet hacryl oxy
pol ydi net hyl sil oxane, 14%. TRI'S, 26%v DVA, 1% wt TEGDVA, 5% wt HEMA,

5% wt PVP and 7 i ndet qltlves I|iJe t. and 15 crosslinkers. The |ens
was coat ed . e method described in Exanple

3. A coated contact |ens having approximately 0.2 g/cn2 of PAA per unit
area o0t he | end lgassubistate svas prepargdiran aipphinzer of craselinksd(EEP mapgromer

of the type described in Examples 3 and 4 and polydimethyl siloxane. The polymer
was made from a monomer and additive mix comprising about 18%wt macromer,
28%wt monomethacryloxy polydimethyl siloxane, 14%wt. TRIS, 26%wt DMA, 1%
wt TEGDMA, 5% wt HEMA, 5% wt PVP and remainder additives, diluent, and
15  crosslinkers. The lens was coated with poly(acrylic acid) PAA by the method
described in Example 3. A coated contact lens having approximately 0.2 pg/cm? of
PAA per unit area on the lens was the result. AFM analysis of the coated lens
surface was then conducted as describea above. Again, folds were observed on the
‘surface. These folds are indicative of the swelling of the coating relative to the
20  underlying substrate. The expansion factor was measured as described above.
Again both measurements were made at neutral pH since the lens has been shown to
be unaffected on the surface by pH. For these lenses, this ratio was found to be
1.023. The coating surface exhibited an RMS (root mean square) surface roughness
0f 23.6 + 6.9 nm and there were no coating defects (uncoated areas) observed greater

25 than 4 um.
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surface was then conducted as descri bed above. Again, folds were observed

on the rofll?ﬁ%z These folds are indicative of the swelliper6§ooi2B@2c0ati ng
relative to e 20 underlying substrate. The expansion factor was neasured
as descri bed above. Again both neasurenents were made at neutral pH since

the | ens has beegoadiesk tlnicdlgnidyabdseairizd cunoh kiess vodted Rnbes. (THe study t hese
| enses, this ratio was found to be 1.023. The coating surface exhibited an

RVE (r oot fwdé;aeoé&%@é ®)coftthiby ekfeH ot sty with e 1éhsSrdrh Pxamgleld gy e were

no coating uncoated areas) observed greater 25 than 4m 18 WO

01/ 27662 PCI/ US 092 A one- I r ut on these
coat ed Ien%"s e%%jﬂfdf%gn%f%ﬁg&ﬁg %gf%tﬂrl%ﬁg?yp‘wla& ll%llldse\g asowear st udy
with the lens fromExanple 4 the p ed cate | The .cl i ni findi ngs
i ndi cate twéaﬁstlwélypmr%\@éwarﬁ’s@mwa? 0 19¢ s ‘qu’§f°}'tn§?§5198§f’ gV@F St he
Exanple 4 in the areas of confort, grittiness, dryness, 5 wettability, and
di screte demmbtlﬂy,mnddxmtﬂedeppsmawmhw-w sfudsikanpl e i ndi cates that a
PAA coated |l ens with an increased coating thickness and an increased
expansi on fact orTHismmysd iddicatesahitarMan coated ldnk evithemsincreksedrephtings
(Conparative): Physical Defect Profile 10 Monodi sperse pol ystyrene spheres
were adsor begyd Qs Lhe aﬁﬂ{c@é’aﬁ@d SlpafSib e thet? Ihiproved e prRemaRdtoraReRASI NG O
Exanple 2 prior to coating to create coating defects. The m crospheres
used to create coating defects in this experinment had dianmeters of 0.5 m
6 m 20 m and 45 m The drled substrates were then coated using N, N
di nmet hacryl am de (DI\/A) . ‘ |(}r] Briefly the dried | enses
were 15 pl aSX3MPAERg ApAratyels LANSICal toaplasna chanber, and
subjected to 2 m nut es conti nuous vvave Ar go ) at 50 nd ,200mrorr .
After r¥hoving tMenodispssss mtﬁﬁ%ﬂ’hﬁﬁfé Weé?g%‘ﬁgg’ﬁgit% *Féc%%grl“{so a
pressure of 200 niforr. The

substrates made according to Example 2 prior to coating to create coating defects.

The microspheres used to create coating defects in this experiment had diameters of
0.5 pm, 6 pm, 20 pm, and 45 pm. The dried substrates were then coated using N,N-
dimethacrylamide (DMA) plasma vapor deposition. Briefly the dried lenses were

15  placed onto a tray (concave up), put into a plasma chamber, and subjected to 2
minutes continuous wave Argon plasma at 50 W and 200mTorr. After removing the
Argon DMA vapor was released into the chamber to a pressure of 200 mTorr. The
vapor was allowed to react with the surface for 5 min. The lenses were then
removed from the chamber, flipped over, and the other side was coated. The lenses

20  were then hydrated in a borate buffered saline solution. After coating, the
microspheres were removed by rubbing in OptiFree® solution for 30 sec with clean, -
bare fingers and then rinsed thoroughly with OptiFree® and borate buffered saline
packing solution. Defects were confined to front surface on one set of lenses and the
back surface on a separate set to isolate the differences in performance. The

25  approximate defect density for each size of microsphere was as follows:
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vapor was allowed to react with the surface for 5 mn. The | enses were then
renovedvéd opmeshe chanber, flipped over, and the other siPeTnwse2809% ed. The
‘lenses 20 were then hydrated in a borate buffered saline solution. After
coating, the mcrospheres were remved by rubbing in (pti Free(r) solution
for 30 sec with clpaMjcrosphere Biamgtars | ddefectrazen pardensdcmof oughly with

‘Opti Free(r) and bofate buffered salimpe packing solution| Defects were
confined to front purface4smpnone set [of | ene®sxapd the back surface on a
separate set to isplate the differen¢es in performance. The 25 approxi nate

defect density for[each SE/? T m Ccrospheres\eg 198 foltops: 19 1111 WO
01/ 27662 PCT/ US00/ 28092 rosphere D anet er ect are% per lens (cnB) 45
X—19-3 The | ens

m6.9 X 10-3 20m pOXI63—6—m21+—>%116-3 “.1".“1",1.3
coatings were thenjanal yze%l"“?‘or t he presenc } Qef ects Ey Atom c Force
M croscopy using alDigital lnstrune Dinension §’Lﬂﬂ AEM | mages were
acquired with contact nmod8-5AFM usingja 0. 06 X8 N4 cantil ever imaging in
5 packing solution{ Imging force wags nininmzed before data was acquired
and was typically < 10 nN. Inmage sizes ranged from20 X 20 to 90 X 90 m
areas, within the. optical zone, on the anterior surface of each |ens.

Sufficient | NagRR MY SaRhgiverRIhdinaBREd fdrdRS ple¥@ifte bf dbfeBd L3iARAST 4
defects so an average defect size for each |l ens type could be reported.

Surface r h f er Sy, E@Ql . RM@O @19[ k.to. peak,
wer e cal c&l%g eglgﬁ %‘s’g"%ﬂgﬁg a%lg@clibsﬁr e %@#ﬁ %Ir%é(él areas Tr g%‘n%%%rﬁages of
cach def el quiet witl Roatal ode AFNt dig 50,06 Nim SIN, eititver Smaging s Do

5 - packing solution. Imaging force was minimized before data was acquired and was

typically < 10 nN. Image sizes ranged from 20 X 20 to 90 X 90 um areas, within the
optical zone, on the anterior surface of each lens. Sufficient images were acquired
for each lens type to find at least 4 defects so an average defect size for each lens
type could be reported. Surface roughness parameters, root mean square (RMS) and
10  peak to peak, were calculated using four 10 X 10 pm defect free areas from the
images of each defect lens type. Roughness parameters for the defect free DMA
coated surface were calculated from 12 10 X 10 pm areas.
Mean defect diameters and depths are tabulated below, along with the
roughness parameters for each surface. Roughness parameters are mean values with

15  standard deviations in parentheses.

Microsphere { RMS (nm) | Peak to Peak | Diameter |Depth (nm)
Size (nm) (nm)
No defects 4.6 (0.6) 47 (16) N/A N/A
0.5 ym 54 (0.8) 94 (25) 0.6 (0.1) 29 (3)
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coated surface were calculated from12 10 X 10 m areas. Mean def ect

di aneters and depths are tabul ated bel ow, along with the

par amet eWO 8187662 5ch surface. Roughness parameters are maﬁéwgﬂ’@gﬁ%th 15
standard devi atlons |n parent heses M crosphere RVS (nrr) Peak to Peak

D anet er pL.. 1 zZe tn et 61N A NA
0.5 m5. 4 6 Hf(z 368((”01) “6(92@6 T oG el USQ0/ 28092 6 -
m 3.8 (0.1) GQ(1R\ 4.61(0 2} 17 20 4 l:/n_&:\ 61L 1) 20(4)

L 45 m4. 3|(3. 20 1Ba (43) 21:5@(()3 3) 1 @hy di k642131 ai Z@@erq» carried
out for coated | enses having eachjof the physical defeqt profilfes. The
study was qonpr4sgand of |t wa.IB@) af i ordeh:(42) f rionB5.5YBBxce dé2éx droup and a
back surfade defect grqup. Each | gns type was worn bilgterally flor

30- m nut es. The front surface defect population consisted of five
subjects (10 eyes) who wore all five-lens types. The back surface defect
popul ati on consisted of five different people, but three of these subjects
could not wear the 25.5 m back surface defect |enses due to excessive
corneal st aChnica) snidids wére cdrfied ont foactatedilehsasdavisgeach of the physical defoetf ect

size none 0.6 m4.6 m12.4 m25.5 m Front Surface 10 10 10 10 10 defect

Group Back mufifedC&hd Stud§ whe cépfised of two populations: a front surface defect group
and a back surface defect group. Each lens type was worn bilaterally for 30-minutes.
5 The front surface defect population consisted of five subjects (10 eyes) who wore all
five-lens types. The back surface defect population consisted of five different

people, but three of these subjects could not wear the 25.5 pm back surface defect

lenses due to excessive comeal staining with the 12 .4 pm back surface defect

lenses.
10
Defect size none 0.6 um {4.6pm |12.4pm |25.5 pm
Front Surface 10 10 10 10 10
defect Group
Back Surface 10 10 10 10 4
defect Group
n = number of eyes

The front and back surface groups were separate populations. The data are presented

in paired fashion for convenience.
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defect Group n = nunber of eyes The front and back surface groups were
separ amveomyrésat i ons. The data are presented in paired FGEUSW28093r
conveni ence. 21 111 WD 01/ 27662 PCT/ US00/ 28092 A Summary of the
significant clinical findings are |listed below Confort: Significant
decrease deSummeary pfthe signifinaptelinienal findimes geerlistad balow: Dryness: Trend
toward increased dryness with all front surface defect lenses. 5
Gittiness: Significant decrease seen at the 12.4 m back surface defect
si ze. Corneal staining: Significant increase seen at the 12.4 m back

surface defegt cdnempt Signt¥dahickdasy secha@ it 1204 i Wack 3uiFad® der@ptizeur f ace

defect lenses to have a decrease tear break-up tine. 10 Front surface

di screte deposits: Significant.increase seen. the 4.6,, 12 and the
255 m {1 ot~ S BIPHES: ABPASVE deset ARRECTi it drop SurioP geliBffurl!
Significant increase seen wth the 4.6, 12.4 and the 25.5 m back surface
def ect 51 enses. Grittinpgss Signiftasntedagearsnsacnat e 12bumderk surfadesledpst siehan 4.6 m
show i ncreased surface deposition. Mdre dramatic clinical negatives occur
as the size of Qdifiedlelatrihg Sipwifieas éncrémy ocwh dt e ¥2.4 pgibacksarfptedefect
7(Conparativel : Surface Roughness Profile 20 Steel contact |ens nold
inserts were rqggiened using Electrical Discharge Machining (EDM and

di anond tool lathing nethods and | ens nolds were injection nolded from

these Insertg. JensiaNPRLR'ERII9S (B Dokl ARl IKEY GRUWET ! ens
decrease tear break-up time.
10 ¢ Front surface discrete deposits: Significant increase seen with the 4.6, 12.4
and the 25.5 um front surface defect lenses.
s Back surface discrete deposits: Significant increase seen with the 4.6, 12.4

and the 25.5 pm back surface defect lenses.

15  This example demonstrates that defects larger than 4.6 pm show increased surface
deposition. More dramatic clinical negatives occur as the size of the defects increase

beyond the 4.6 pm.

Example 7(Comparative): Surface Roughness Profile

20 Steel contact lens mold inserts were roughened using Electrical Discharge
Machining (EDM) and diamond tool lathing methods and lens molds were injection
molded from these inserts. Lens substrates made from the crosslinked polymer lens
of Example 4 were cast in these molds and coated with N,N-dimethylacrylamide
(DMA) by vapor deposition as described in Example 6 (no microspheres were used

25  in this experiment, however). Only front surfaces of the lenses were roughened.
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of Exanple 4 were cast in these nolds and coated with

N, N-di mewWyb@sreeel ami de  (DMA) by vapor deposition as descipichfifsobsgebxanpl e 6
(no mcrospheres were used 25 in this experinent, however). Only front
surfaces of the |enses were roughened. 22 WO 01/ 27662 PCT/ US00/ 28092 The
surface r ouFhassfacproighnessgirofileaf teadoated! lemswarthen heilyddyyALehibFordeomi ¢
Force Mcroscopy using a Digital Instrunments D nension 3100 AFM | mages

wer e acqui r §ficisddp {ri%éhqb igMAPRsiimYES Difersith 9ﬁod\1&PMS' Ihgeaikld ever

I magi ng the front surface of the lenses in packing solution. |Inmages were

G al o) 1ot REA PR o PRBF ATMLAALE I ITSEY, ARERTR: agﬁ%}éﬁneiﬁ RS

Roughness ( Peak (.n | e Mef hod Mean St de di a

Stdev Medi a?fg?’%iﬁé ﬁ'& i@ﬁ%s‘gr%c@ Sefutjon; ‘%agféwsf%@a@yzegsﬁtwg%n EDM 66. 4
30.7 68.5 371.6 132.7 337.5 733809-FC EDM 97.6 34.0 95.0 474.8 134.0 474.5
734009- FC EBMVES7. 8 38.0 153.5 705.3 201.9 664.0 734409-FC Di anond 213. 4
96.9 198.5 782.8 82.7 784.0 734309-FC D anond 255.4 42.4 253.5 1128.9
161.8 1092.5 C Buifam rosghmssegarametersqaveril@dX d0uni arcacfoathedehsenares havi ng
each of the surface 10 roughness profiles. The results described bel ow

reflect a Dijited 81 @k fibwihgudbe. Clinical trial with various degrees of
surface roughness gener at ed via EDM and di anond tooling on the | ens front

surface. Fromt—surf kﬁug‘ﬂﬁ‘égé’ Tt mgﬁ&gmgm)l 7y dppeﬂak‘té’l’éﬂﬁ'(nm)
significantlly altergd

Sample Method

D

Mean Stdev Median Mean Stdev Median
733709-FC None 5.0 1.2 54 81.5 48.4 67.0
734909-FC EDM 66.4 30.7 68.5 371.6 132.7 3375
733809-FC EDM 97.6 340 95.0 474.8 134.0 474.5
734009-FC EDM 157.8 38.0 153.5 705.3 201.9 664.0
734409-FC Diamond 2134 96.9 198.5 782.8 82.7 784.0
734309-FC Diamond 2554 42.4 253.5 1128.9 161.8 1092.5

Clinical studies were carried out for coated lenses having each of the surface
10 roughness profiles. The results described below reflect a bilateral 30-minute
clinical trial with various degrees of surface roughness generated via EDM and

diamond tooling on the lens front surface.

Front surface deposition and wettability appear to be significantly altered by
15  increased surface roughness at the 664-nm level (median peak to peak) and above.
Vision was significantly reduced with every level of roughness as compared to the

control.
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15 increased surface roughness at the 664-nmlevel (nmedian peak to peak)
‘and abdve012%6%i on was significantly reduced with every PEI/EBIBIR20ughness
as conpared to the control. 23 WO 01/27662 PCT/ US00/ 28092 More
specifically, the _faollow ng clinical_ performnce was ohserved. 1.

Deposi ti oM‘)llerffé?‘éﬁgﬁlh’gﬂ}ecfﬂgﬂwwlml‘%h?mfhwa# okseeded front surface
‘discrete and filmdeposition. 5 2. Wettability: Increasing roughness from
664-nm up had significantly reduced PLTF-NIBUT (pre-lens tear film
non-invasive break up time - the tine it takes for the tear filmcovering

t he front 10f Depesitiemn SIncreasiog kayzbaesstirom 666-npaip moicasedl fiort sulthéenki ng. 1t can
be construed as an in vivo neasurenent of the lens wettability). A

discrete | edggc@ie %.llaqﬂgp&éé,@,siggﬁ.e junction (where the roughness was
generated) 10 1n the lensés from337.5 to 664.0-nmmay artificially

decr ease, tHBLbIRY) bk BN G 5T bbbt A5 TF N 5T
o s o R oS Lol M e SLATRAG L0010, Wyt Pl | edoe

control. A substantial nunmber of the 15 474.5 nm and greater |enses

di spl ayed a &mrdbateayfil soyenngshefonf afshg lengiacotlopseiuhen thg pati¢nt ig nothi s
phenonenon was on the front surface only, it appeared in patches or bands
and typi cal | ylinkivgriedarSbe cdiktradd dsham in visghaesdresent afthe léiponettabilitpki ng, the
tear filmwould return to normal for a few seconds but quickly becones

"frosted” aga fiscréfd 1édgeVdt BleQiptic28RE @glﬁ& @amees&%@e&@waseg&k&tw)t h all

test |l enses as conpared to the con hi s exanpl e shows that I ncreasing

St o U U 30 ST A9 B e il
however, there is a trend for reduced PLTF-NIBUT with in the series with the
ledge (337.5 — 664.0-nm). In addition, the two lens types with roughness created
with the diamond tools (no visible ledge observed with the slit lamp) were
significantly reduced as compared to the control. A substantial number of the

15 474.5 nm and greater lenses displayed a ground glass (frosted glass) look to the
tear film. This phenomenon was on the front surface only, it appeared in patches
or bands and typically covered 30-70% of the roughened surface. Upon
blinking, the tear film would return to normal for a few seconds but quickly
becomes “frosted” again.

20 3. Vision: Decreased to unacceptable levels with all test lenses as compared to the
control. This example shows that increasing surface roughness of the front lens
surface affects the clinical performance of the lens. Lenses with peak to peak
surface roughness less than 475 nm had good clinical performance in all areas
except vision. The type of roughness also affects the vision — the random

25 roughness made by the EDM caused a severe reduction in vision while the
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surface roughness |l ess than 475 nm had good clinical performance in all
areas e i,Si on. The type of roughness also affects b Sl - the
random 2?%?@?}5#&55 made by the EDM caused a severe reduc%?glr?\épuzis\%}si on
while the 24 WO 01/27662 PCT/US00/ 28092 circularly symetric dianmond

| at he roughnesg iy \9nmd@HS Qiafhont Mth&rctishABY didhdt Afisel £51A biskBng Exanmpl e 8
(Conmparative): Coati'ng Non-Uniformty 5 | ens substrate was prepared as :
described in E@ﬁ?ﬁ@k@duﬁﬁo he I ens was coated using polyacrylic acid (PAA)
as described in anple AFM anal ysis of the coated | ens surface showed
dramatic folds. The coating expansion factor was cal cul ated as descri bed
previously by conparing the actual surface area of the coated article with

the correspegndi E C.8, 'Q@' I Jens. The data was 1o
acquired atg} . 8 _I"ql 5 svei"eﬁéati Hﬂmwnd to be unaffected by pH.
the coating aur FUESGRRIBIUE RTESh SIS HPE0R THBRRISh  BHEImEHet ace
roughness of 16 (0.2) nm In this case, however, several areas greater

than 4 m oncesied using pelyacsylic said P AAhaedescribedinfBxample D AEM angilysisofor

virtually uncoated. 15 dinical studies were carried out for the coated
| enses pr epérexdated lelssarfadeshowed dednmtic TokisCThedoatihg sxpatisien fastsrewssonduct ed
as a one-week daily wear trial. This coated | ens was found to have

unaccept abl Saléxhlhtéhﬁﬁhe&ﬁbé@?ﬂ@i&ﬁ b cobhpaMBE el surfRe ateadT ek ddateng m | d
or noderate discrete deposition a%l the one-week visit. In addition, the

L6 e Gl Ll o SRl 4 0EL 0L AR S RiGRL S 1 o
f’g;‘; o HaUE ﬁ%un'i‘r'eﬁ F 5P SndtHR IS SRR PR % Y He U B e by QP! Tty TN

resulting expansion factor was determined to be 1.026. In addition, the coating

surface exhibited a mean RMS (root mean square) surface roughness of 16 (0.2) nm.
In this case, however, several areas greater than 4 pm on the surface of these lenses

were found to be lightly or virtually uncoated.

15 Clinical studies were carried out for the coated lenses prepared as described
herein. The clinical studies were conducted as a one-week daily wear trial. This
coated lens was found to have unacceptable clinical performance, with over 25% of
the lenses having mild or moderate discrete deposition at the one-week visit. In
addition, the lens had higher levels of coreal epithelium disruption (coreal staining

20  max type > Grade 2) than what would be considered acceptable clinical

performance.

This example demonstrates poor physiological compatibility in lenses having

coating defects larger than 4.6 pm.
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coating defects larger than 4.6 gm 25 1111 WD 01/ 27662 PCT/ US00/ 28092
CLAIME wi18ts8tm 5 1. A nethod of coating a contact |enpctospiisesng. a)
selecting a |l ens substrate nmaterial, b) selecting a coating material which

wi || have an expansion factor greater than one relative to the |lens
substrate material, and c) coating said |l ens substrate material with said
‘coating material. 10 2. The nethod of claim 1l wherein the coated surface

has no defects greater than 4.6 m _3. The nmethod of claim2 wherein the
coated surface has no defects greatégéﬂﬁﬁﬁ 15 .5m 4. The nmethod of claim
1 wherein the coated surface has a peak to peak roughness |ess than 475 nm
over any IWeXldigh:m area of the coating. 20 5. The nethod of claim1 wherein
the Il ens substrate is a polyner nade froma hydrophobic nononer. 6. The
met hod of claim5 wherein the |l ens substrate is a silicone-based pol yner,
ol i goner, or macromer hydrogel. --- --------- 26 1111111212121111111111111

1l 15 c {' M IrSth)\O d g’ coazlgg% clg%étqgr?soclzozrggr?s%ng:
a) selecting a lens substrate material,
b) selecting a coating material which will have an expansion factor greater
than one relative to the lens substrate material, and

¢) coating said lens substrate material with said coating material.

10
2. The method of claim 1 wherein the coated surface has no defects greater than 4.6
pm.
3. The method of claim 2 wherein the coated surface has no defects greater than

15 Spm.

4. The method of claim 1 wherein the coated surface has a peak to peak roughness

less than 475 nm over any 10 X 10 pm area of the coating.

20 5. The method of claim 1 wherein the lens substrate is a polymer made from a

hydrophobic monomer.

6. The method of claim 5 wherein the lens substrate is a silicone-based polymer,

oligomer, or macromer hydrogel.

T



7. The nethod of claim 1 wherein the coating conprises a hydrophilic

mat er i al wdbe12k62 met hod of claim1 further conprising adhget@gogmpgs coati ng
to said substrate 5 with a tielayer. 9. The nmethod of claim| further

conprising adhering said coating to said substrate wth a coupling agent.
10 10. The nethod of claim7 wherein the coating is selected fromthe group
consisting of poly(acrylic acid), poly(nmethacrylic acid), poly(itaconic

acid), polyf, ”?h@hﬁth’bﬁ'di‘)clalmtl' WhéteRthé Mﬂ@cﬁﬁ?ﬁké&fﬁyﬂr&ﬁnlﬁéﬁﬁﬂhﬁpr ylic
acid, acrylic acid, maleic acid, itaconic acid with a'reactive vinyl

nonomner, carboxynethylated polyners, pol yacryl am de, pol ydi net hacryl am de,
polyvinylalcohol cel | ul ose, dextran pol yet hyl ene oxi de, 15 pol yhema, poly

S onet oo DAY A e AP ey BT Bk SSeere (e

substrate is_a silicon-based polyner ol i gonmer, or nmacromer hydrogel, and
t he coalﬁngwﬂbaéwbﬂPyacryllc acid, polyacrylate, 20 or mxtures thereof.
12. The method of claim 1l wherein the substrate is a silicon-based pol yner,
ol i goner or nmacronmer hydrogel, and the coating is block or random
copolynmers of (neth)acrylic acid, carboxymethyl ated pol yners,

pol yacr yl ang dihe methdd dfididitil 1 hdrihkr borh?zhsﬂlg hdHerihg kaill cbatingltbkald subbtrdt S | T WO
01/ 27662 PCT/ USOQ 28092 pol ydi et hyl acryl am de, pol yethyl ene oxi de,

pol yhema p a%%‘n pol ysul fates, or mxtures thereof. 13. The
met hod of O+’g| m & @,ﬁg n said coating step is conducted via aqueous

10 10. The method of claim 7 wherein the coating is selected from the group consisting
of poly(acrylic acid), poly(methacrylic acid), poly(itaconic acid), poly(maleic acid),
block or random copolymers of (meth)acrylic acid, acrylic acid, maleic acid, itaconic
acid with a reactive vinyl monomer, carboxymethylated polymers, polyacrylamide,
polydimethacrylamide, polyvinylalcohol, cellulose, dextran, polyethylene oxide,

15  polyhema, poly sulfonates, polysulfates, polylactate, polyglycolic acid, other

polyamines, and mixtures thereof.

11. The method of claim 1 wherein the substrate is a silicon-based polymer,
oligomer, or macromer hydrogel, and the coating is a polyacrylic acid, polyacrylate,

20  or mixtures thereof.

12. The method of claim 1 wherein the substrate is a silicon-based polymer,
oligomer or macromer hydrogel, and the coating is block or random copolymers of

(meth)acrylic acid, carboxymethylated polymers, polyacrylamide,

Hll!lll l!llll lﬂll Illll I I"I
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5 solution. 14. The nethod of claim1l wherein said coating step is
conduct W@ 0226681 gani c borne solution. 10 15. The net hodP6T/USPY288921 wher ei n
said coating step is photoinitiated. 16. The nethod of claim1 wherein said

coating step i.s ini.tiated with iopizin radi ation. 15 17. A nmethod of

sel ecting E‘g)ﬁ gethyl I%B?@F\l‘ﬁ‘y[]q’i‘@ °P‘%ﬁs%§9]!§’%a?‘gﬁ§“ ORES at es  which are
‘'surface coated, said nethod conprising: a. coating a hydrophobic |ens
substrat e prlysulfates; enmixtypsithepoll i c naterial having an expansion factor
greater than one; b. determ ning the surface roughness profile of said

coated lens; 20 c. determ ning the physical defect profile of said coated
| ens; and c. selecting for use those | enses having a | ow surface roughness

profile angs aThd MétheRYEtkath 10he6ih sRidobtifs stéPis cbiBudtBd PRGqREs! ai m 17
wherein said selecting step is conducted by statistical 2§ sanpling. 28

piiiiijdiipgdhilt [till tt tilt WO 01/27662 PCT/US00/ 28092 19. The
nmet hod of cllarm 17 wherein said selecting step is continuous. 20. A nethod
of manufacturing physiologically conpatible contact | enses 5 conpri sing:
a. formng a lens substrate froma hydrophobi ¢c nononer, b. coating the |ens
substrate with a hydrophilic material having an expansion factor greater
than one, &hdThe msthodof clagmslovhereia spidpoatingser i qoadueted Miparganiabemey sur f ace
roughness

solution.

10 15. The method of claim 1 wherein said coating step is photoinitiated.

16. The method of claim 1 wherein said coating step is initiated with ionizing

radiation.

15 17. A method of selecting contact lenses Wherein the lenses are lens substrates
which are surface coated, séid method comprising:
a. coating a hydrophobic lens substrate having with a hydrophilic material
having an expansion factor greater than one;
b. determining the surface roughness profile of said coated lens;
20 c¢. determining the physical defect profile of said coated lens; and
c. selecting for use those lenses having a low surface roughness profile and a

low physical defect profile.

18. The method of claim 17 wherein said selecting step is conducted by statistical

25  sampling.

ey



lo profile and a | ow physical defect profile. 21. The nethod of claim 20
further gﬁﬁ&{' 1,ng the step of discarding those contact | ng
greater t andaﬁ'fzow surface roughness profile and a | ow ph?gﬁéja%ﬁwg@%ﬁect
profile. 15 22. The nmethod of claim 20 wherein said selecting step is
conducted by statistical sanpling. 23. The nmethod of claim20 wherein said
sel ecting and discarding steps are 20 conducted continuously. 24. A nethod"
of manuf act ygi ' j: C oyl 4l . (S conpri sing: a.
formng a IZasqg%B@%?gggqg#%ﬂﬂgmgﬁgﬁg%ﬁégkggégg%gﬁVﬁ%agaﬁﬁigoner, or 25
macromer, 29 LILELEELEE R EEEbigt rrererrrrtr ¢cL sl W 01/ 27662

PCTI USO0/ 28092 b. coating the lens substrate with an acrylic polyner
capabl e of an expansion factor greater than one, and c. selecting for use

t hose coat ed04 Arsethod afmagufacueng phiysielegicalbemmpaible qgongdct lepsesnd a | ow

physi cal defect profile. 5 25. A physiologically conpatible contact |ens
that is $rodempusibyg: a nethod conprising a. formng a |l ens substrate froma
silicone based pol yner, oligomer, or nacroner,

a. forming a lens substrate from a hydrophobic monomer,

b. coating the lens substrate with a hydrophilic material having an expansion
factor greater than one, and
c. selecting for use those coated lenses having a low surface roughness

10  profile and a low physical defect profile.

21. The method of claim 20 further comprising the step of discarding those contact
lenses having greater than a low surface roughness profile and a low physical defect
profile.

15
22. The method of claim 20 wherein said selecting step is conducted by statistical

sampling.

23. The method of claim 20 wherein said selecting and discarding steps are

20 - conducted continuously.

24. A method of manufacturing physiologically compatible contact lenses
comprising:
a. forming a lens substrate from a silicone based polymer, oligomer, or

25 macromer,

! T
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10 b. coating the lens substrate with an acrylic polyner capable of an
expansi W9 0123662or greater than one, and c. sel ecting for PCIASONAR092 coat ed

| enses having a | ow surface roughness profile and a | ow physi cal defect
profile. 15 26. .The conjact |lens of claim 25 having a surface roughness
profile of Iess b ARANNgABe leppsuRstatewith amactyliopelymer sapsblecefan exgansion no
physi cal defects greater than 4.6 m 27. The contact |lens of claim 25
wher ei n t hdacier gredter than pneanls sel ected fromone or 20 nore nembers of the
group consisting of poly(acrylic acid), poly(nethacrylic acid),

pol y(itaconic aci sblecting!fyl wee!those caaied lensbd Revlingdd Iovwafdeive ¢ORn¥sEr s of
(nmeth)acrylic acid, acrylic acid, malefic acid, itaconic acid with a

reactive Vigayfile RIS ph ﬁég%yegp#tlay Aated polymers, polyacrylam de,
pol ydi et hall)g(?yfarri de, ppgl yvi nyl a colLoI , cellulose, dextran, polyethylene

oxi de, golyhena, poly sul fonates, 25 polysulfates, polylactate,
pol yglyColic acid, other polyam nes, and m xtures thereof. 30 L1l 1l [I1]

11111111 C L M C .
2'5. A p%xysmloglcally compatible contact lens that is produced by a method

comprising
a. forming a lens substrate from a silicone based polymer, oligomer, or
macromer,
10 b. coating the lens substrate with an acrylic polymer capable of an expansion
factor greater than one, and
c. selecting for use those coated lenses having a low surface roughness

profile and a low physical defect profile.

15 26. The contact lens of claim 25 having a surface roughness profile of less than 475
nm over any 10 X 10 um area of coating and no physical defects greater than

4.6 um.

27. The contact lens of claim 25 wherein the acrylic polymer is selected from one or
20 more members of the group consisting of poly(acrylic acid), poly(methacrylic acid),
poly(itaconic acid), poly(maleic acid), block or random copolymers of (meth)acrylic
acid, acrylic acid, maleic acid, itaconic acid with a reactive vinyl monomer,
carboxymethylated polymers, polyacrylamide, polydimethacrylamide,
polyvinylalcohol, cellulose, dextran, polyethylene oxide, polyhema, poly sulfonates,

25  polysulfates, polylactate, polyglycolic acid, other polyamines, and mixtures thereof.
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