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curvature is estimated by placing the lens on a planar surface so that the physical distance
from the lens edge to the highest point of the lens can be measured to determine the sagittal
height of the lens. The sagittal height can then be used to estimate the curvature of the lens.
Although such a method may be useful in determining the curvature of a spherical lens, the
method becomes less accurate as non-spherical lenses are being examined. Another method
of estimating lens curvature includes the use of a keratometer. For example, a keratometer
can be used to estimate lens curvature by measuring two reflected images reflected from the
back surface of the lens.
[0005] Thus, there remains a need for new methods which enable a lens to be measured,
such as without physically cutting a lens, and that provide accurate surface measurements of
both spherical and non-spherical lenses,

SUMMARY
[0006] The present methods attempt to address this and other needs. The present
methods use one or more optical coherence tomography (OCT) systems to provide one or



[ 0006] The present methods attenpt to address this and ot her needs.
The present nethods use one or nore optical coherence tonography

(OCT) syst ypado@1485mvi de one or t WO 2007/140220 PCT/ Usg@p,ﬁéggg%gs,;
nore images of a lens or a nold fromwhich a |l ens can be obtai ned.

descri bed herein, OCT systens can be used to inage Ienses in lens
nmetrol o net hods l,ens desi nmet.hqds and | ens uf r' )

ot hods ThRBIgRr 2l on & Tioid Pagiotieh Hlens Slhe o imstle AR sepiobt, petein
met hods ©C6Tspstems eandyvaised torfonage Iee.ws irr less wEtralbgy inethedd) &inm gcmgmgetﬂodsbut
the OCT ﬁﬁﬂ%&ﬁ%&%auﬂﬁ%md@mt &Hﬁkﬁﬂemgﬂeﬁ%mw‘ﬁ%ﬂ %erﬁolé

manuf act ur stem tem can use Erovu
of a varf# I‘Feéﬁg'é §ne PLiRerg é?%ﬁeiﬁféh%hn%‘b??wﬁg% bugthe QCT %@H‘ C&§
cont act tbearsseas a quilitpanittbbeontppnet ®f a tangRahufatufiyg k;emsrhecmam e)adtem can

nl ay | :
ot ot i 1 ed AN SPERIRE bEs varRP R hensd] S (EETHEFLork USRI

| ens shagsatact lspsestipfradenlas bnsqswe@bgéaﬂémeg,womnhntaﬁéemw end spnc.tscle t he
present lefgeb NURSIIGEEH0 b@%ﬁmﬁﬁe@ﬁf&térﬂﬁﬁ%eb@m@& f@ﬁﬁ:%’dbﬁdle 188sdugRed.,

or produced w tho cut e.l ens ur atel
det gr mi nFhg “ﬂ‘?i 53??%?%5 @{%‘fnestsh n? %@’B‘B ‘ngﬁ'ilsc gﬂe Pgrgnt d
non- sphemg¢tbeds feamis ege or[I@@@lc}nsmlbo usagmth desxgmisorqiroddaed pitbas physically
i nvent i Qi Cg?thé“féﬁ@ers Iaﬁ@gy 'a&u?a%élﬁ tterdnfintnb ehe Siehad Ah@lge %ﬁ&fehgo;r 8bnand

additional1 cl osure ny feature or conbination eat ures

descri be¥ A W%Péppﬁéqaglﬁﬁﬁ’swthl n the scope of the present
I nvent i d0@ovi Sedouskatbotlineentsf of sliepresent inedntide drel desatbyd fuddnail in the

conbi nat g %e&ﬁ%cﬂﬁﬁoﬂ%%hﬂt%nél%&gﬁﬁgétoﬁ'a{?v %\Mvi’e%hret%? P@ﬁ%ﬁt‘i—’ fof f%d’ Ry

t he context I cat1on
ski |l i riesgitbed herein aﬁe mghidre ki thmseopeal the pregent wmmrp‘dﬁe%ﬂmt the
f eat ur eSfem;es Behspe ¢ diycati ébn@diﬁdtitbﬂ@fb ot ﬁmt@my inc@AIStet AR A1l Bé appafent

Prvent | O ER Bl B beek e lont GG PR R BrR I iRy skl e 5E
dr awi ngsRddiied, wdbawr@ 198 comblnatidng| lffraéuresBRaEFe @E@@mllarwx@ud@l:frmany
DRAW NG niddaf&dnt 6f ﬁe plesért iRndidd. %ddi@éda%ﬂv@ﬁta@es%ﬁ& Taéﬁé@ts BF 8 pR

contact .l en vitro usin 000 G 2|s
contact | ere ded, L0y i PucBind Seciled drscindiony v vam et eadiihal or ' o
cont act disshssuregf 0010] FIG 3 is an illustration of a section view of a

contact |ens inmaged in vivo using an OCT system [0011l] FIG 4 is an
illustration of nmeridians of a contact lens. [0012] FIG 5 is an

i1l ust raﬁW%ES%%EéF@N&%THE%Ré}}’M@e view of a contact |ens.

DETAI LEROOMBPCRI PIT. Ok an illustration of a section view of a contact lens imaged in vitro using an
OCT system.
[0009] FIG. 2 is an illustration of an example of a pseudo-colored surface view of a
contact lens.
[0010] FIG. 3 is an illustration of a section view of a contact lens imaged in vivo using an
OCT system.
[0011] FIG. 4 is an illustration of meridians of a contact lens.
[0012] FIG. 5 is an illustration of an example of a surface view of a contact lens.

DETAILED DESCRIPTION

[0013] New methods of measuring lenses and/or lens molds, designing lenses, and
manufacturing lenses have been invented. The present methods permit the measurement of
one or more lenses without cutting the lenses or contacting the lenses with an examining
device or instrument. Using the present methods, lens features, such as lens thicknesses and
lens surface shapes among other things, can be determined. The present methods use an
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[0018] OCT systems have been previously described and are publicly available. One
example of an OCT system is the OCT Scanner (Humphrey Instruments, Inc., San Leandro,
CA) as described in U.S. Pat. No. 5,491,524, entitled, "Optical coherence tomography corneal
mapping apparatus”. Another OCT system is known as the Heidelberg Retina Tomograph
(HRT; Heidelberg Engineering GmbH, Heidelberg, Germany) as described in U.S. Pat. No,
5,170,276, entitled, "Apparatus for imaging an object". Yet another OCT system is known as
the Visante OCT system available from Carl Zeiss Meditec (Dublin, CA).

[0019] The Visante OCT system has been developed and is described for imaging the
anterior chamber of an eye. If uses a 1300 nm wavelength light source to provide a desired
penetration through the sclera and iris of an eye with minimal scattering.
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information obtained from at least one image of a lens imaged with an OCT system during

the manufacture of the lens, and controlling the quality of lenses produced using the
examined information of the lens. The use of the OCT system can help with quality control
of lenses produced during a manufacturing process. The use of the OCT system can be
understood, at least in certain embodiments, to provide an "in line" quality control of the
lenses, including contact lenses. For example, by including one or more OCT imaging
stations in a lens manufacturing line, lenses, such as contact lenses, can be produced and
inspected for appropriate features, such as thickness profiles, powers, curvatures, and the like,
without substantial down time or delays in the manufacturing process, Embodiments of the
present methods which include an OCT system as a quality control component or in a quality
control station, can include a step of accepting or rejecting an imaged lens, or a batch of
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[0029] ontact lenses imaged in accordance with the present methods can be formed

from a variety of materials and can have desirable design features. For example, the present
contact lenses can be understood to be hydrogel lenses, or lenses that are water swellable or
lenses that are swollen with water. Some hydrogel lenses may be free of silicon, for example,
poly(2-hydroxyethyl methacrylate) (polyHEMA)-based lenses, as understood by persons of
ordinary skill in the art. Other hydrogel lenses may include a silicon-containing component

or a silicone-containing component, for example, the present contact lenses may be silicone
hydrogel contact lenses. Examples of silicone hydrogel materials useful in the present
contact lenses include materials having a2 US Adopted Name (USAN) of Lotrafilcon (such as
Lotrafilcon A; Ciba Vision), Balafilcon (such as Balafilcon A; Bausch & Lomb), Galyfilcon
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a cont a%{lch as contact lenses or other soft flexible lenses, while they are not in contact with a

person's eye enables certain features of the lenses to be measured or determined that

otherwise could not be accurately determined due to the interaction of the eye with the lens.
For example, it is believed that a lens, such as a contact lens, when placed on the exterior
comeal surface of an eye will have a different curvature and profile then a lens which is not
placed on the comeal surface. Thus, it may be advantageous to image lenses, such as contact
lenses, using an OCT system when the lens is not in contact with an eye. In addition, by
imaging lenses that are not in contact with an eye, it is possible to avoid motion-induced
artifacts that are associated with blinking and other ocular conditions. These artifacts or
distortions can be eliminated or reduced even when using conventional OCT systemns instead
of SOCT systems, as described herein. Although embodiments of the present methods can
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[0035] The OCT systems used in the present methods provide at least one image of a
lens. In certain embodiments, including lens metrology methods, lens design methods, and
lens manufacturing methods, the at least one image can be selected from the group consisting
of lens surface images, lens section images, and combinations thereof. For example, the
image may be an anterior lens surface image, a posterior lens surface image, or both. Thus,
with the present methods, various features of a lens, such as lens thickness, lens shape, and
the like can be accurately measured. In comparison to existing lens metrology methods, the
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light, such as provided by the OCT system, towards the lens being imaged. The broadband
light can be filtered if desired to provide light at a narrower wavelength or wavelengths.
These or other embodiments may comprise directing infrared or near-infrared laser light or

energy toward the lens being imaged. For example, in certain methods, light is emitted from
a superluminescent diode at a wavelength from about 800 nm to about 1400 nm, and at a
power from about 200 microwatts to 1 milliwatt. In other methods, the power of the light
used for imaging can be greater than 1 milliwatt. For example, in certain methods, the power
of the emitted light can be as great as 50 milliwatts. Compared to biological tissue imaging,
such as retinal and comeal OCT imaging, or in vivo imaging, with the present in vitro
methods, light can be used at a greater power than used in vivo since there is no risk of
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including a silicone hydrogel contact lens. The examined information can include any lens
feature or combination of features. In certain embodiments, the examined information is
selected from the group consisting of lens shape, lens curvature, lens power, lens thickness
profile, lens anterior surface shape, lens posterior surface shape, lens edge profile, and
combinations thereof,

[0042] The design methods may also include a step of determining the shape of a cornea
of a person using the OCT system. In addition, methods of designing a vision correcting
lens, can include examining the fit of a contact lens on a person's eye, and designing a second
contact lens based on the lens fit. For example, if the lens fit of the first lens is acceptable,



WO 2007/ 140220 PCT[ US2007/ 069588 damagi ng bi ol ogi cal tissue of a
patient. In certain nethods, the power of light is fromabout 300

m crowat t syiP20aBdb2040 mlliwatts. For exanple, the powpfrekadhtsiotss
can be between about 400 mcrowatts and about 30 mlliwatts, between

about 500 mcrowatts and 20 mlliwatts, or between 600 mcrowatts

and 10 gL LJ ' | I hap .50
11 vt g SR bt lens (AP QUREhedto nEPR b Sttt bl D e RS 5 BF iP
than 20 the l9os fiaef the first legs isvmaccenigble; the pward contactlegs eandye dssigned tokare &,
or |ess adftaﬂoram??eIcﬁmmtgb&.ﬁttbmpﬁ@mth@ﬁghé ks em ”ﬁd }‘_rohm ali ght
source y of, the abgve powers. Jln additi.on, the .light can
et enuadBOHIL; s i BRI B el fietnor Ay cgmprine SRR R TR F 8
great er fobowingtstepsi gasevariniug ef measuongésradahsuifege tapnamgplsy of apatidutitoi on,
ot her nairbags cmal%ﬁﬁacﬁﬁoégg?apﬁy%{fﬁﬁ%&iﬁﬁttha& BROSSmidpu1hed§/ifa cbﬁxgﬁtef,ml d
with a wavel engthlﬁg;.l gltl\ . esa thgﬁrg1 800 nmor greater. than 140Qnm
I'n such RiBYiHmgdear; ﬁ%#? Hon QuE3tp ghihg PaFnf A § TSUENSBINE ARPSErYense
t he | i ghionttt lehemiefacd besed mathe lcemgdlissrfacEhepagxdpal inforesatibnfthe teaofilnl enses
bei ng i 4S] : ' .G
about 15‘8%193‘?%?%%%?6%??%@;%?%%@??%@ SpANER I ik oL RLELehd
20 ni cr oWERes Rasedyen the psserattionof Sieprters prd/er the informetion presenietienet er s;
?nd t he doll’ﬂ;ﬁfe@;l veHEARE oit dodfingia Qt}&&ohﬁsﬁcﬁhﬁmh;e%bﬁﬁﬁg HOOCTI sgEtePARIr E,

or exa . r t.er ahout m_GL onet.er ar out
50" or QREPinARSRheRs R ORIE e 0BT SO b Be (el TS St Shpead
met hods lresgs ef specifindpsighs hevethe desitsd ehareateristios. | nspecting the lens for
g ef teﬁ t S.[of4] e?ﬁlrﬂélhﬂizonpﬁﬁctﬁ&?srﬂaﬂ 'c?ﬂpﬁst&@:o%l&’ﬁ{ﬂg @&)fae@{giaiarbgtﬂe%fﬁtaeg@f{m%egeﬁ

y the syst.e one_or re lens defec may be jdentifie ic
can ser é’r%a/r%?{e’%méﬂrg‘ﬁe Eﬁ%ﬁgraPWep? FOTE acﬁﬁéﬁ?@ﬁﬁﬂ BT Bowgan bE
i nt endedlepumpred e Thé-opticakpowsr ef the kenthad es@an beddenmimgiesichns baomatically
I nspect : i dih SO RO ' d
the i ki“‘,a“?fé‘ﬁég’ﬁ”"%?ﬁ‘, AP ool R if SOA U, iges Welu e iNRATS
per sons Bf cOMEINAEeYF BsEeef] in the art. [0040] As discussed herein, the
present [0@43)odsThambtselemohbddds iaéludiemetBodsef rhangetiring $6n8€h, deseibed
nor e t . | | f ' X | an
enbod SOt ofierath MUl Y naf Bl R Lo 8P h Bika S BlodB¥ATRLR
[0041] ACHeetH@denses. dRosicynple, ia some propi @rr%@ém , the dens bewg magafactured
exam ni ﬂﬁnbaﬁ%ﬂi@él:oﬁ&y Iﬁﬁto@hﬁ&da{tg@ﬁ] The bR F@ﬁ@faéraﬁ%eré@ﬂlpas anfiddlude
vision correcting lens i an st.em nd designing a
second JREIEM SHencPhraRERCod bl e Gl HER o BBFAnt s on of t he
first \P&4&n coroegeainisperificensbodiments thedews ie pioaatimubded contattdensios icant
correct ihggdéfhindabolapept act lens, including a silicone hydrogel
cont act . The exam ned information can inclyde any |en feature
or corrbilh'z‘{yﬁon eﬂrﬁsﬂlh‘r“@g“?‘hsl REEEFRS PRESHIRRIF ﬁé‘ﬂil%‘}a?fty » BIERTS AP ot a
i nf or matcastnmdlding padceditre chs funderstodEbygpaptons oHodimaty skill ifthe emsFatamaple,
| ens cur : ROV nr ' rQf .anterior
surface °§ﬁ§g@?"“? dgﬁgfglost, e‘?%égqsl%?#’ E{é@lk"‘ls%%;‘%‘é‘apﬁ lg%éingﬁgésiﬁ?’lgg igl e, and
conbi natPobraerizalle dgps forming material in a lens mold, curing a polymenzable lens forming

material in a lens mold, demolding a lens mold to produce a mold member having a

polymerized lens product, delensing a polymerized lens product from a mold member of a
lens mold, extracting an extractable component from a delensed polymerized lens product,
hydrating a delensed polymerized lens product, inspecting a hydrated lens obtained from a
lens mold, packaging a lens in a volume of liquid in a package, sterilizing a lens located in a
sealed package. Embodiments of the present methods may also include one or more
combinations of the foregoing steps.

[0048] In addition or alternatively, the present manufacturing methods may also comprise
a step of imaging a lens mold or a lens mold member using an OCT system. For example,
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[ 0042] The design nethods nmay al so include a step of determ ning the
shape of a cornea of a person using the OCT system In addition,

met hods of wiesh@o@ a vision correcting lens, can |nchgﬁ@5ﬁ%ﬁm%qkng
the fit of a contact |ens on a person's eye, and designing a second

contact |ens based on the lens fit. For exanple, if the lens fit of

e " Stk e TnARARAR AR pFcet WP AL HADRADIRCL WP 0O ARPRAR,, 1 1

second cont ens can ave or su i'al |y
the s anevaﬂatwnsaﬁ lens fnokiSHbaqcemceﬂlr pveg fimetipayf affest the apality and yieldealpofibl e,

t he secoBfkes Oﬁttaﬁéd. tHeffiont dBmbRlikless 686 picten lethods cAMdohhis®m

£

nf d t f t El'é]‘m

Cont oot Tisfe bola FERBAER 148 widlE 68%%.05&%@1%? teps st oF et Partiging
st eps: dmtlenwldmﬁgbm ofrelessimioly Axdsiitinmal enshodiraends ¢appompeghiynaginga

pati ent domhpldll HROUCKIENIE RGSbmSHE b AG:S h@@%ﬁpamimh@l@:% Lﬁt%tﬁéa@tu gan

be manlpula ed with a_conputer r I N tear I nformation or
data of R(ﬁ@%lﬁé? mgpRurg the g Gﬁ’ﬁﬁférS?ngg%@P SHepes syeR dsdhe swrvaturspfgdens
| ens surdusfees defising region hethe atobemkember fha tid ckregogithpleys-siabed cavity oNthet he

tear fily gaé hOLCHTRLAHse AR nofiTS 10 bA% hBELILESIESR Wikl

contact lens . a e anterior contact Iens ace
prescri pYIFsHres thesreand othes fatgeridensupnlds sepbe #ﬁ]lpf% i Feefagiermgotilenses,

conput e rs,ucwardof:wcﬂ@nas B&rﬁxlammepaaahﬁ‘@ ifs Gk afold ihﬁikﬁes?‘s BvekIeSGnWUSeRtd an
oCT Syst ¢ n reo

can be u5ede ? ggo%l%%%%{]eﬁhatgnconstegg proplécr?gggse ?ﬁ“lé)’ﬂfe Pfeéelﬁ eiﬂb‘?\% tﬁ%tve

t he desiquelitysiiedensanolds canshe ooipngd tp portte td pmdumm’eodmomamf:orrprl se
col | ect ifgeptabld ReRsdata of the contact |enses. For exanple, anterior

sur face 0S r surf ra ,..or_both can be

det erni @@%?Thega’éwﬁeﬁﬁf&mﬁmp b e R b ot a X g 45 Lesema,
such as motideat intgE bfa sedibge uf tht edyjtaat dinsg Sinhitar sévitional dmsged atmboditzih eest
from OCT, y
i
manuf acti§#q i eé‘ﬁ‘é’é’é thickness profilafdhe ¢npfast §ns.| n certai n enbodi nents,

t he manydesn ur i Ugngoldiogeages, Eucm&emc&@ﬂmm{:&m RIGs1 OAFIG: Gf digitdliony

| enses. [k %Hﬁﬁmeﬁresénl?atﬁﬁggf 1leﬁs%f, S“mloOdéb@Eﬁ'etds ugﬁ'fep}'eggrﬁatl s o

manuf act ur or neéa

present MWaYids mérmetionsuehapsidice &awwd abape's mahmglehm thesdesigs ; and

spi ncastmimi@ngot Bfsch e BSARItioR! the AspresBith®bind Gat B@udeﬁﬂ%%&eterhﬁﬂﬂ burbfture
ci fic, enbpdi nents he [ ens e contac Iens

certaln as

o cast SHASTHLER & PESe THe) || BRI PO . FPECEP Grithb

i ncl ude apdeutomated cemauigt taubines, ths timpes, cas be psaado-sblepsodefl tcapromlstvzsually
ol di ng 1@&:&%%9@ r&giofof WiRagt PRAk BYFRLERANS t}ﬁé}qﬁ&s‘ihﬂﬁﬁ%{tmﬁ# khdkial N the

art. For_exanp ertai n et hods of manufacturing a [en$, such as a
cont act {FANES: apﬁﬂ}ed%g pl acing a polynerizable | ens formng material
in a | er80351p! d, Anexdnngje af pdigitaeepresehiadon efntaor lehsig illustrated in FIG. 2. The

representation includes a computer generated code illustrating the thickness of the lens along
a number of meridians. Digital lens representations or lens images obtained from QCT
section images can be prepared and appear similar to that illustrated in FIG. 2.

[0052] As shown in FIG. 3, a contact lens 12 was imaged with a Visante OCT system
while the contact lens was located on a cornea 14 of an eye of a person. Similar sectional

images can be obtained of other contact lenses in vivo using other OCT systems, including
SOCT systems. Such in vivo images can be used to help design other contact lenses based on
lens shape and lens fit, relative to a person's cornea.

[0053] Another example of a digital representation of a contact lens is illustrated in FIG.
5. The representation includes lens surface topography information and lens curvature
information among other things. In addition, such a representation can be coded to include
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material in a lens nold, denolding a lens nold to produce a nold
menber having a polynerized | ens product, delensing a polynerized

| ens produsto taogmozzonol d nmenber of a |ens nold, extrachengssinrocosss
extractabl e conponent from a del ensed pol yneri zed | ens product,
hydrating a del ensed polymerized | ens product, inspecting a hydrated

| ens obt l@h@ﬁﬂ:ﬁlésg M iBrmdtoRS PH@ aﬂlen?%?ﬁ:?}&k{*ﬁm@o} gﬂ}%eé ‘gbtﬁné@i#&g%p ackage.

liquid in a package, steri

Enbodi rre%%gorbmsﬁ%caarb@é%reﬁ}ép &@Wﬂw ta that Hiwstiged i God. nor e

Clotrrbl na{ f0054] of It b1 chibodinesng @ meétREBcont RIS prbvilliigad BAT §Rted or a plurality

al terna a
Step of Tha! R B S e e e SR TR S

system avémeéx Agisesuch gs HEOED Jens aogther vixim WOy le0G8de plaged inp a

oo it id g sl g s i e S

i u i

ey af 1 dBe EALeaf el e Do B AP Raor s PR o8 GO B ATe tedih BHBH?

Enbodi mererforofa plirelityoé spiival seetidrostensoafithelonplorated inrthgéantpiser. E“helgdlte

mol d merdiglingd .

separ at el ?&i th&eh&ﬂ%sogﬂieg&? 59%”%21# %@ Cgﬂ\?eeﬁfssﬁngﬁdd& e t i ona mto,I or

embodi netttE dg%?f‘%%ﬁ*ﬁ? i hiy used Bbq%l%% thedatagnd arqum @asfafruseﬁﬂ in

form Blg the pebait mithodx aTipd m&gesu&nl’mg ekdnginpd &&Téf&nnﬁﬁttlileﬂ&ss profiles, edge
ossi su

Phe cur VAP le Sl Gelipfe, SRR Ll R anh o AL, EnlTR oy FERRRL oo IR,

t he thi &@ﬁ@@@ﬂ@#@cﬂl@ﬁgﬂ%ﬁ@@dj cordaqt fepsast Tihhfe withethe piggangimethiods, lenses

t hi cknesgitipfmprbe:d| ;ﬁﬁént réainﬂ)rpéanlb@rasmgiwcldm{mmeg witB FRpSved Viek rhidé AgSe

Measurin theg qt %%r? atur.es of lens nolds can be helpful in

nanufacf%b?ﬁﬁ S B RYES- © %ﬂ 48%ont act | enses. For exanpl e,

changes [0953]enslmaew of thie disalosire domin, tértain aabodihiéms of the preseny mefhods can

pol yner ixeahli&sidBd & éﬂpﬁsb‘ %%Hsﬁt%ss@ﬁf?ﬂl-&(‘cﬁ 4RBRES of Hﬁé%ﬁggr ﬁe fis, RhGrAM

nmet hods, the ual.i t n be noni t'o conti nue
to prodfBRFLE “%%%WBQTOW Ste@@@?ﬁ@ﬂl‘%q(ik%?m [ 0049] As shown in
FIG 1, [&05:&) nt aAhhdtghsthamm hreagie e fonk tdicentaM spadifie erabddimpsts,dtistt®be
provide i.m jona
mages AR B Rablnede ARl Lire bEAAIDAGLY { S Bmp Bl By AP
syst ens. T‘P-IFP&]QES Tg‘at}#%gf fhe foregqing dateiled dF?r‘-‘GPtl‘?Ln @lhough disqussingtegemplary
det er m rgnbadinfinek 3as e Bdixﬁfruécﬁto(‘&)vérfhﬁ miedifictibng, Qﬂﬁnat{v@@ 5@&1 et van@umT

I )
| mges BYERAERRFbY ML B sk Ebcohe ShnE b enon bl e o
repr ese@mbons can provide information such as surface features and

shapes t{tmsvfl]c anAhehBed dr;hbﬁca@islsg Eel| pﬁféﬁts h@vaweﬁ%heu RerGhatl o985 BSch dffthe
usef determ,nj ng.curvature

addi tion rese tions,.ca

of h | arfted BEPER RS bt i BBy MromBrucd WS AGSE Holnok AMHHGES. For
exanpl e, using software and automated conputer routines, the inmge
can be pseudo-col or coded to provide visually
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identifiable regions of the imged | ens surface, such as thickness
information, spatial features, and the |like. [0051] An exanple of a
digital representation of contact lens is illustrated in FIG 2. The
representation includes a conputer generated code illustrating the
t hi ckness of the lens along a nunber of neridians. Digital |ens
representations or |lens inmges obtained from OCT section inmages can
be pre g? ear simlar to that illustrated in FIG 2. [0052]
As shoaﬁﬁgﬂsgﬁ ‘%59 a contact lens 12 was inaged with a Visante OCT
system while the contact |lens was |ocated on a cornea 14 of an eye
of a person., Sim]ar seciiona% I mages can pe obtai ned of other
Hhochlar 5

cont act Ienges.iﬁx§?VB@E§FHﬁ » SY¥EME, i ncluding SOCT
systems. Such iniwh¥Ag b FREMCERRIREeMIR gl dpatR IRSEGR GhhEEpHAEEG o
| enses based on |ens shape and lens fit, refative to a person’s

cor nea.obtappsi3pashaes inwmee ek tiapine, wherein dhegfiensis imegpdadtentthe leohisabt in contact

cont act, B?qk%ﬁ%hh @hed in FIG 5. The representation includes
| ens surface ‘topography Information and | ens curvature information
anong other things. In addition, such a representation can be coded
to include 21 WOT200%ticdoZ2BiRCTWUSRO0NE BEOBontaetlsng, n oltraesdar lens, a
infornq%kgglmﬁgﬂkﬁglChggﬁ.regggsqptatigni ar i mages obtai ned from OCT
section 1 mages can’Bé pr dg@ n&n&a§5%:%?egpﬁilar to that illustrated
in FIG 5. [0054] In one enbodi nent, a method conprises providing an
OCT system &t a [humnadthddyof chim OQCThaymttkeiens sGmagedainplcentatnee OCT
systens can be obtained frompublicly available sources. A |lens,

such as a contact.len r .0t her. vision, correcting, | ens can.be place
ThCh “oontarher bR Aetgd: e Gae RhL R T LR n G ap € vBn@eSY
cont ai Nefuiddntaohfatet.ens is placed in a light path of the OCT system
A person or conputer, or both, operate the OCT systemto performa
plurality of_ optical section.scans of the lens | ocated in the

cont ai ner. The dﬁ‘ﬁ meg‘tﬁdeﬂfﬁgﬁnﬁh@ﬁ"é?mdéﬁ feas 5@ hvdpesdemyoran dghyslieted lens.
and can be di splayed on a conputer nonitor or other display device.
Sof twar e cam, be Uneeheiddamalayze, hde dathe ekt BhOUAAR Jf FRASS iHABAdlani N
t he present nethods. The images. can be exam ned to determ ne

t hi ckndBasgpiedictaddiom theguounogsiptingsol lengspeface imagysgieas sestipn wpages, and

cur vat yoe bahdotdtGerkbKe, Which can then also be used in the design
and manufacture of additional contact |enses. Thus, with the present
met hods, lenses wth inproved patient confort can be designed, and

| enses Wit h 7 npr dhiehefhiod|od claim éswhivreintthe imagh dywcleds sutke ingagsoelested from
can be ' e Vi he discl.osure -herein, .certain
enbod hne ool et rferkicRils Berd R BUER AR RBER, St
consi st essentially of, or consist of imging a |lens, such as a
contact | ens, usiThgnmethodOT cleys il ewhotinghe inkigimgds SOEIN®Y stithout qutdfg8he lens
Al L hougl 8RR ORE IS LE Rl ST ot SRR bl oy system.

9. The method of claim 1, wherein the imaging is performed using an optical

coherence tomography system other than a spectral optical coherence tomography system.

10.  The method of claim I, wherein the imaging comprises directing broadband light

towards the lens being imaged.

11.  The method of claim I, wherein the imaging comprises directing an infrared laser

toward the lens being imaged.
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understood that these enbodi nents are presented by way of exanple and
not by way of Ilimtation. The intent of the foregoing detailed
description, although discussing exenplary enbodinents, is to be
construed to cover all nodifications, alternatives, and equival ents
of the enbodinents as may fall within the spirit and scope of the
invention as defined by the <clains. [0057] A nunber of publications
and patents have | ner.eknabove. FEach, of the ited

ubl | cat 1 ond 2and T3S EIbAd R hIBRP SR e Rl o bl B pefres

t heir eindn thetgresy cohRistiMpdf a Isnscthizkn®e of Sie léhs, Aeneihapt 6fhe &dns ko aBire
a lens, conprising: inmagi a vision correcting | ens using an optical
coher erffd% %a.li%vg WW@@%E%{% 2 I rPTf 9 QALY lophand FfgRmaffon lgsreot

I ens, wWheigehdatllRt bR ithakbsof (BERE When the lens is not in contact

with an eye of an individual. 2. The nethod of claim1, wherein the

lens is a contact_lens, an intraocular lens, a corneal onlay lens, a
corneal inldy- | eddemsthod of slaim d ¢ fusthpgospring deermivinglens featuag splepted
wher ei Nydehel 28% doRisibt] h ' i

wher ei nrt he elggﬂga I sSli mage t\l\%l égg{&gigéeﬁgfl%legs’\?gagkngﬁ%P Qg?aﬁ}gﬁ?%éilér?séa
cont ai rfemt s§facFhmperef Hedersf arell @nbidationhidbeebfusidpetht erlsast snainimed béthe dens.
| ens or an unhydrated lens. 6. The nethod of claim1, where in the

at | east ong,i na el i e - e.selected.fromt

gr oup consi?#ingqgfg%g%@cgﬁg aééﬂﬁﬁéggﬁggﬁg'gg%ggngﬂi%ﬁ%%gé?mgﬁﬂgﬁGOf
conbi nahé¢ ensalbhes erfidiad of HedemBtloadd Gbmothakup coniuting ion tHelal cigrd Geridsan,

a lens su ce imge sele d from, th roup consisting of an

ant eri (ﬁe 5@%@“%?@(@@ i%?'FB‘gS[e‘%ﬁFFH TETIHiAL, g‘re%@rdegréﬁ megdnahg 1P heggee 8.

The nmethadief el 130 Medrec MRAERKNHE NED EdREH MGidish, BRI F10Td8BMLe Wik RH! the 225
cutting the lens or wthout contacting the lens with a portion of

t he optdeawsr mesHEnethe 879 dpaven mptidian yhe W degree ipsidiant thed 1 5tlegpaimaridian, and
wherei n., ﬁmhgaghggoﬁs performed using an optical coherence

t onogr aphy system ofher than a spectral optical coherence tonography
system 10. The nethod of claim1l1l, wherein the inmaging conprises

di recting brldadbdhd nletlypidtof claonay whertinghd kensishephegici avagedensidr.anBlgheric

rrethodC % &H%kﬁll, wherein the imaging conprises directing an
infrare aser  toward the lens being inmaged. 13 12. The net hod of

claim1l1, further conprising determning a lens feature selected from
t he group cdnsi sfThagedfodafklans 1 Whekinasslead istahwordodital cantdce ks, ahaylefoah]

the lens, a, ens curvature
contact lens, or a toric contact lens.

17.  The method of claim 1, wherein the lens is a silicone hydrogel contact lens.

18.  The method of claim 1, further comprising inspecting the lens for defects using
the at least one image of the lens.
19. A metrological method for a lens, comprising:

imaging a vision correcting lens using an optical coherence tomography system to obtain
at least one image of the lens, wherein the lens is imaged when in contact with an eye of an

individual.

20. The method of claim 19, wherein the lens is a contact lens, an intraocular lens, a

corneal onlay lens, or a corneal inlay lens.
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of the lens, a lens power of the lens, a |lens edge profile of the

| ens, and conbinations thereof wusing the at |east one inmage of the
|l ens. 13. The nmethod of claiml, further conprising determning a

| ens feature selected fromthe group consisting of a thickness
profile of the lens, a back surface shape of the lens, a front
surface shape of the | ens, and conbi nations thereof using the at

| east one i nmge the lens, .1 The net hod of claim1, further
conpri sing deter ﬁhﬁﬂfﬁf' of qr}éﬁgnﬁﬁi W%ﬁ%‘géhep%?‘?la@yﬁ‘?ateg}lﬁ@ 9 apenbydsied a
meri di geps0f the lens selected fromthe group consisting of the O
degree neridian, the 30 degree neridian, the 45 degree neridian, the
90 degree neridian, the 135 degree neridian, the 150 degree.

meri di an, tHé- 180 hg@ythod ahelaimil drwhere i the at lgesy priiniage iof thgdenstiprdudes gn
degr ee ; i g 7, : i1 0 i.di.an,
T P R e e G i
cl ai m kompratienstherhel. | ens is a spheric contact |ens or an aspheric
contact lens. 16. The nethod of claim1, wherein the lens is a

nonof ocal coRrt ac i - . 1.en o .a tor

cont act |en23-17ﬁh#ﬁ§%ﬁ§?ﬁg§h%#5§?af%??%”&ﬁé%gfﬁﬁ%ﬁ% ag%%uggséaxmiﬁom
si | i conke fapdp caeistiagnf acintdrion $ens d&facthaagetnd atdooferict @haBulfacd intdeber
conprising inspecting the lens for defects using the at |east one

i mage of the,len 19. rol.ggical. net.hod. for a.lens, .conprijsing:
aging a vitd on 1es Rt e RS g T e p S ey it eut e
t onogr apiiyor HibeBohRceid Mk Nens afithl BR$tionsTRhd SREE] Gheleh&: tofBSFapNSfstil)
the lens is imged when in contact with an eye of an individual. 20.

The et hod %f cl%%n11§3ﬁmge{ein the lens is a contact |ens, an
i ntraocul ar “Pens, g MEEHRLEIIBAPaYIFERLIC IRsRE OPTEAME] ATEg T @rikal 14
21. Th%oH&Eﬁh@QmﬁBgrgglﬂj %t@%otﬂ@?@l’ia%‘ Axpbiieal bEMR1 bshefenBY SnlcBihl SRSl an

unhydrated |ens. e nmethod of claim 19, where in the at” | east
one inmage of the | ens includes an inage selected fromthe roug )
consi sting 8P | ed&e g5Hod 0 clapn d@svharaip dhedreaging sompgisps liregiing broadband light

conmbi ngtid. 08S i 1els8Rfne imdeedl N€ Met hod of claim 19, wherein the image
is a lens surface ingge el ected from the group consisting of an

anterior lens surface in&ge and a posterior lens surface inmage. 24.
The met hod &f- cl dhamediod\ghelasn A9 Weersintlisi imgging cpmpfisns wixdctingtandufrared

CUttian%pﬁ“@%ﬁﬂgk%&b@@%%%%%d?ontaCting the lens with a portion of

the optica erence aphy system 25. The method of claim 19,
wherein the imaging is perfornmed using an optical
28.  The method of claim 19, further comprising determining a lens feature selected

from the group consisting of a lens thickness of the lens, a lens shape of the lens, a lens curvature
of the lens, a lens power of the lens, a lens edge profile of the lens, and combinations thereof

using the at least one image of the lens.

29.  The method of claim 19, further comprising determining a lens feature selected
from the group consisting of a thickness profile of the lens, a back surface shape of the lens, a

front surface shape of the lens, and combinations thereof using the at least one image of the lens.

30.  The method of claim 19, further comprising determining a lens thickness profile
of the lens along a meridian of the lens selected from the group consisting of the 0 degree
meridian, the 30 degree meridian, the 45 degree meridian, the 90 degree meridian, the 135

degree meridian, the 150 degree meridian, the 180 degree meridian, the 210 degree meridian, the
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coherence tonography system other than a spectral optical coherence
t onography system 26. The nmethod of claim 19, wherein the imaging
conprises directing broadband light towards the |ens being inmaged.
27. The nmethod of claim 19, wherein the imgi ng conprises directing
an infrared laser toward the |ens being i maged. 28. The met hod of
claim 19, further conprising determning a |lens feature sel ected
fromt %%oup CO, SIS 20 f a lens thickness of the lens, a lens
St

shape %rngY%‘ 1ag, SFAnEREan, g %qqélegﬁﬁéne“élqne% 366\%&”% t he

lens, apdi&iish, gg(g&)rpglgjﬂdnet@feo@he | ens, and conbi nations thereof
using the at | east one inmage of the Iens 29. The nethod of claim 19,

further corrprl sing determning a lens feature selected fromthe
gr oup COI’]SI s3t| ng £ methadi of klaeg d 9 pybireinhedens i @ splagis, coptapidens asan faspheric
shape qf a front surface shape of the lens, and

conbi nat| ons t er eof using the at | east one inmage of the lens. 30.
The nmethod of claim19, further conprising determning a |lens
t hi ckness pr3aéfi | dhe ofethadef s 18] whegeia threlengis amanbfachkcdnerslesglaect ed

fromt he 19{ Qup. con |esst i n 0oC ht th degree neridian, the 30 degree
meridi an, the 45 ‘Fe8 BregP Ao 't e 90 degree neridian, the 135
degree neridi an, the 150 degree neridian, the 180 degree neridi an,

the 210 degrde ndhE dicdd dfhhirﬂ592s25erelﬁgredensrﬁeaisﬂicaﬁe hydiexc? déhtate phee
meridian, the 300 degree neridian, the 315 degree neridian, and

mbi nat i th 3 f claim19, wh
o Sphor ¢ cadt act TRGS ofgf?snraE%ﬁwﬁe%oeﬁﬂ?lé}%inspmg‘?%@ens#qgg?#getﬁﬁ%r'lgs

of cl aithe #9casbrerifiape bhige le@s i s a nonof ocal contact |ens,
nmul ti focal contact lens, or a toric contact |lens. 33. The rret hod of

claim 19, re| eps is.a silicone h contact |lens. 34.
The net hod g‘i '?‘9‘5 ?@ﬁs’tgﬂ&g Rl F%‘T‘?‘f{j‘% [?é‘gé’é’fripﬁémghe | ens for
def ects using the at . | east ope inmage of the lens., 35. A _nethod of
desi gni ng a vi si GHRBIEROMAY PMAREIdHsR P@F%O&%gﬁpﬁgﬁr%ﬁﬁmu on

obt ai ne@irr&rtﬁ@ze{s ﬂn@g&fwﬁ’ﬂﬂ@n bﬁfﬁgpco@éreﬁceftbﬁlegmﬁhﬁbﬁem Gpgrecting |ens
imaged with an optical coherence tonpgraphy syst'em ‘and designing a

second vision coeés@%hhggséceaéwgﬁ,h@gﬁ&e&ﬂ (ﬁeg&lﬂg e&faﬂﬁ@%@ [950%3

first vision correc | ens | 'ai m
conpri éirstgﬂ&ﬂ@t@mi:hmg’ﬂgn& he shape of a cornea of a person using the
opti cal coherence tonpgraphy system 37. The nmethod of cl ai m 35,

wherein the syl S 8 fRIHAGEL A% b8 NRihét BrubBhAGL kBB ol DS B

of claim 35, wherein the exam né 'S se
a person using the optical coherence tomography system.

37.  The method of claim 35, wherein the vision correcting lens is a contact lens.

38. The method of claim 35, wherein the examined information is selected from the
group consisting of lens shape, lens curvature, lens power, lens thickness profile, lens anterior
surface shape, lens posterior surface shape, lens edge profile, and combinations thereof.

39. A method of manufacturing lenses, comprising:

examining information obtained from at least one image of a lens imaged with an

optical coherence tomography system during the manufacture of the lens, and

controlling the quality of lenses produced using the examined information of the

lens.
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group consisting of I ens shape, |lens curvature, |ens power, |ens

t hi ckness profile, lens anterior surface shape, |ens posterior
surface shape, lens edge profile, and conbi nations thereof. 39. A
met hod of manufacturing | enses, conprising: exam ning information
obtained fromat |east one inmage of a lens inmaged with an optical
coherence tonography systemduring the manufacture of the | ens, and

trolling th ity of duced using.th i ned
i or mat i on B« AEC e kS RS UETE Se en FrrseCeB el n 1 ne

lens is a vision correcting lens. 41. The nethod of claim40, wherein
the |l ens is 4. corThealetion efyldiieds, Oheraincionteacits alcenral orddd: ledde ansehtacdens.
of claim39, further conprising a step selected fromthe group

consi sting of placing.a pqlymerizable lens fornmn terial in a lens
mold, curi ndZa D R 7 BRh o Pt o PRRe Boruhe B
denol didagsigting@Tplddileth ddyRérdabieerd fomiifl mARKRER alaw hadacupRkyner i zed

| ens product, delensing a polynerized | ens product froma nold

menber ROIyaerizable lons fermipg mptesil ing lent rexdd rdserodbinga kanprtbieprogusan anold
del enseg, rsﬁgﬁhgg gglyhﬁ;ﬁ%ed %ﬁgfg&&c& #yquiﬁgg gsglyﬁlegi%ﬂagﬁgrgeﬁétma @gg&

| ens product, 1 nSpecting a ted l'ens al'ne ens no
packagimemberloéadens maodd, eatrantipg eft ekiraptabte dompange dloaye deledsed bbliymierigeddens

| ens | ocate iLn.a seal ed,package,,.and c i.nations therepf. 43.. The
ot hoa TS vifRude 2 RS PRSP R pr SRR el bR lsi Adeigbn
consi stfidig a &dns aclé Patlagidehdehsmaediunens l?ﬁidﬁnQQﬁa@hg@fstérﬂﬂﬁ%ﬁa lehdTbotaadd
to the,inag?d | ens, rejecting the imged |lens or a batch of |enses
sinilaﬂnﬁée%ﬂ%ﬁﬁﬁﬁﬁbﬂﬁ ERbinalignyBeicpti ng the i maged lens or a batch
of lenses simlar to the inmaged | ens, and conbi nati ons thereof using

the exani ned3, i NfpE AREHADS chn 3§,hﬁrtH§tcBQ%¥i§)iggﬁ|s%r§b1%&|ed ﬁ’fdﬁlttﬂgéroup _

conprising obtaining at |east one inmage ens nold for producing

a | ens copsiginged eresntingde dopgaddensyr abagpof teasessonidarén the imagasigersptjecting
syst emthé‘i?naged lens or a batch of lenses similar to the imaged lens, categorizing the imaged lens or a
batch of lenses similar to the imaged lens, and combinations thereof using the examined

information.

44.  The method of claim 39, further comprising obtaining at least one image of a lens

mold for producing a lens or a portion thereof using an optical coherence tomography system.
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