Title of the Invention: Predictive Method of Assigning Power to an
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i nvent i orwoeabatas4780 nol di ng opht hal mi ¢ | enses such as eomtusedosioesyses. More
particularly, the present invention relates to a nethod of accurately
predicting the refractive power of a lens nolded froma lens nold pair

whi ch has undergone storage with a correspondi ng change in optical surface
di mensi ons. | nT#B&f fhegh@nién: PRIdicHA Netholl 6NA s Foiled fotan Gpithapaictliegibar | y
in contact |ens manufacture, LansI@gui red step foll ow ng fabrication of the
lens is to | abel the refractive power of the lens for sale. Contact |enses
are offered for sale in a range of corrective powers to conpensate for the
patient's nyopia (nearsightednessiafordi®6f MBLeRiA (farsightedness). The
power of the lens is normally given in units of digpters, typically in 0.25
di opt er i ncrenent s. Therpseseqfiasiongon slages tymaldimgophthalipialonses sedhds gerirst” of t he

| ens ar e _KNOWNeRgs Mot tf fra8nfitl il AhiRah & Rofhoa Ur Rouszitly NO-
3,985, 445 issued Oct. 12, 1976 to Essilor International U 'S. Pat’. No.
4,283,139 i ssupredigting the tefragtd® power HKredensaeaidaddidne alencmelsaaintvwhaeh hasS,  Pat .

No. 5,175,594 | . . . Pat. No.

5, 123, 735 issu‘%@éﬁﬁ?%‘%?%@%i&?‘g& ol @%{%g{‘ﬂ%ﬁ%ﬁ%@n Ps Pat. No.
5,432,596 issued Juh thelficld (R@bthalmidliedea@dactss, anfl parttionledointgnipettlent s show,
a common net hod_of. neasuring.and Si. gng .he fractiv wer.of. a | ens
nvol ves di r ect KRt a e piop Aioputtdatbatiolyof i Ry el s |
measuri ng the poves ofithe lgna fdrisalel Gonkagt leaen anetodliaretl ier selorid acingt efidrdestiveade from

a hydrophilic materjial such as hydr.ogel . . hen .i he, hydrated state, the
ona t OPT e preit Tampetis i GRS in Gy B SR oReas ) nt o
power neasur engikightedss). THPOWREST thelemdis Avintaligh ghfen theltis T diopigrs] fypicplonar of
a lens that a particular nold pair wll e is to nmeasure the radius of

na
the nol d opt i chf~ SAPFLIEreHARE HITTURITES FpE0 Fiﬁ‘f%ly measure the power of the lens are

known as may be seen in the following patents:

U.S. Pat. No. 3,985,445 issued Oct. 12, 1976 to Essilor International

U.S. Pat. No. 4,283,139 issued Aug. 11, 1981 to American Optical Corporation
U.S. Pat. No. 5,175,594 issued Dec. 29. 1992 to Allergan Humphery

U.S. Pat. No. 5,123,735 issued Jun. 23, 1992 to Bausch & Lomb Incorporated
U.S. Pat. No. 5,432,596 issued Jul. 11, 1995 to Nidek Co.

As the foregoing patents show, a common method of measuring and assigning the
refractive power of a lens involves direct measurement of the lens itself. Challenges in
directly measuring the lens are particularly seen when the contact lens is made from a
hydrophilic material such as a hydrogel. When in the hydrated state, the lens is flexible
and difficult to handle which many times translates into power measurement errors.

Another known method of determining the power of a lens that a particular mold
pair will make is to measure the radius of the mold optical surface which translates into
the radius of the lens made from the mold. For molds made of materials that shrink over
time (e.g., polypropylene), one problem with this method is that the measurement of the
mold must be done at least twice; once when the mold first comes off the injection mold
machine or a short time thereafter (e.g., after 30 minutes), and again when it is time to

actually cast the lens (e.g., 48 or more hours later). This is because the mold undergoes
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not necessary as was done in previous methods. The predicted power of the'lens may

then be used to label the lens. In another aspect, the present invention provides a method
for quickly locating and pulling from storage the mold parts needed to manufacture
lenses of a particular power without needing to directly measure the mold parts prior to
casting a lens therein.

A presently common method of manufacturing contact lenses is cast molding
using female and male mold parts. The female mold has a concave optical surface and
the male mold has a convex optical surface. Liquid lens material is dispensed in the
female concave surface and the male mold is seated thereon. The facing female and male
mold surfaces together define a mold cavity in which the contact lens material is cured
(e.g., by heat and/or UV radiation) and formed into a lens. The mold parts themselves are
typically made by injection molding and are used only once to make a lens. They may be
made of any rigid plastic material, with polypropylene (PP) and polyvinylchloride (PVC)
being common materials from which contact lens molds are formed.

In the injection mold machine which forms the mold parts, a female metal tool
insert having a precise convex optical surface forms the female optical surface of the
female mold part. Likewise, a male metal tool insert having a precise concave optical
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shrinkage regression model will predict the dimensions of the mold pair as a function of

time. It is therefore possible to determine the dimensions of the mold pair at any given
point in time. This, in turn, allows a manufacturing system wherein a mold pair having
the needed dimensions for a particular lens power to be molded may be easily identified
and pulled from storage. This eliminates the necessity of having to measure the mold
surface immediately prior to the casting operation as was done in prior practice. This
method of lens power assignment also removes the need to directly handle the lens to
measure the lens power. Based on process robustness, the option still exits at this stage to
confirm that the correct power has been met by measuring a sample of lenses. This
greatly reduces manufacturing time and costs and makes the lens power assignment
operation more reliable.

The above concept of power assignment based on mold radii also applies to lens
processes using molds whose dimensions do not meaningfully change over time (e.g.,

PVC) where again a single mold measurement is sufficient for power assignment.
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of an exenpl arpioiPhes PAGW dREIBT shbRin@PEQOEEYs dfSf embedifiief thedmthtied | ens;
Figure 2 is the viewof Fig. 1 showmng the nold pair in their assenbl ed
form Figure 3n¢thody sjde el evational view of a contact lens cast in the
nol d assenbly of Figs. 1 and 2; and Figure 4 is a flow di agram show ng
basi c steps of an enbodi nent of the inventive nethod. Detail ed Description
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convex optical surface 14A. To cast a lens 15, liquid lens material 16 is dispensed into

anterior concave optical surface 12A and posterior convex optical surface 14A is seated
thereon. The mold assembly is subjected to a curing cycle to form the lens 15.

In a first aspect, the invention comprises a method of predicting the power of lens
15 by first measuring one or more dimensions (e.g., radius and outside diameter offset
for the anterior mold part, and radius offset, cylinder offset and inside diameter offset for
the posterior mold part) of mold optical surfaces 12A, 14A at the time the mold parts are
made and prior to their entering storage. More particularly, as seen in the simplified flow
diagram of Fig. 4, the lens manufacturing process begins with injection molding of the
female and male mold parts 12, 14 at injection mold machine station 18. Once the mold
parts 12, 14 are made, their respective optical surfaces 12A, 14A are measured and input
into a database of a computer 20. It is noted that all or just a sample of mold parts need to
be measured depending on the robustness of the injection molding process. In a robust
system, only a sample of mold parts from a particular run off a particular injection mold
cavity need be measured and it will be assumed that all mold parts in that run are of the
same dimensions. Once measured, the mold parts may be assembled into easy to handle
groups or bundles and labeled with a human or machine readable code (e.g., bar code or
data matrix code) that indicates the time measured and the measurement data of that
particular mold run. At this time, the mold part or mold bundles may be sent to storage.
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for a mold part or mold bundle in storage that has the correct dimensions to make a lens
of that particular power. More specifically, the computer searches its database for the
mold parts in storage having the dimensions, as predicted by the storage time and mold
shrinkage regression model, that will make the lens of the needed power. Since the
computer database and label on the mold part or bundle includes the initial mold
dimensions, the time of measurement, and the location in storage of the mold dimensions
it is looking for, the computer locates the required mold parts or mold bundles in storage.
A mold pick unit may be utilized to physically pull these mold parts from storage. It is
preferred that the mold storage and pick system operate on a first-in/first-out basis so that
the oldest molds in inventory are used first. Once these mold parts are pulled from
storage, the computer searches for the mating mold parts that, when assembled with the
first selected mold parts (both an anterior and a posterior mold part are needed), will
form a lens of the intended power. Once the mold parts have been identified, the

computer utilizes a power regression model to calculate the predicted power of a lens

cast with these mold parts.



storage as well as their respective storage |ocations. The nold shrinkage
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conput er searcheﬁ0 o an(‘?‘utgﬁyeg part or nold bundle in storage that has the
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utilized to physlically 1puII the%‘g?rml d pagﬁé from é ageoj preferred
that the nold stlorag nd pick sygtem operapbe on @ 39§st b4 1r t-out basis
so that the ol dgst mﬁﬁs in inveskory arezpssed fingsssi Once.iBese nold parts
are pulled fromstorage, the conputer searches for the mating nold parts
that, when assemMiaRy auTPhTt he first selected nold parts (both an anterior
and a posteri Qegrmbidsiparct are needed), will forma lens of the intended
power. Once the Mﬂillﬂblpartsoﬁ%ie been identified, the conputer utilizes a
power regression HIWES to &?g ul ate the predict ed power of a lens cast with
t hese nold part?ﬂf*g‘f&d% ollo ng provi des an exanpl e of how the power
regressi on nodel gﬁl&{ari)e deygjgped and utilized: Method to Apply Regression
Anal ysis to Devel operar Power by Ml d Radi us Mbdel 1. Establish relationship
w th actual dat@sdtting data 1§ for exanple only). Avg. Meas Pw Ant Mol d

U U7 U7

Rad Post Ml d Ragvdval Ant dRad 1/ Poss Rad __ Ms F Significance F
Regression 2 16.38 8.19 1560.82 2.97E-05
Residual 3 0.02 0.01
Total 5 16.40
Coefficients  Standard Error t Stat P-value Lower 95% Upper 95%
Intercept 43.48056 57.9816  0.7499 0.5078 -141.0429 228.0040
1/AntRad  -440.48291 267.3483  -1.6476 0.1980 -1291.3053 410.3395
1/Pos Rad 180.66124 743.0821 0.2431 0.8236 -2184.1600 2545.4825

2. Model: Y (Pred Pwr) = Intercept + 1/Ant Rad Coeff x (1/Ant Rad) + 1/Pos Rad Coeff x (1/Pos Rad)



-0.24 6.504 7.503 0.15375 0.13328 -1.01 6.402 7.451 0.15620 0.13421 -1.98
6.299 7.402 0.15876 0.13510 -3.01 6.201 7.348 0.16126 0.13609 -4.00 6.098
7.299 0. w8200dm114£801 -5. 01 6.002 7.252 0.16661 0. 13789 PEUNSRRE/0EAITPUT
Regt-ession Statistics Multiple R 0.9995 R Square 0.9990 Adjusted R 0.9984
Square Standard 0.0724 'Error Cbservations 6 ANOVA df SS MS Significance F
Regression 2 16.38 8.19 1560.82 2. 97E-05 Residual 3 0.02 0.01 Total 5 16.40
Coefficients Standard Error tStat P-val ue Lower 95% Upper 95% I nt er cept
43. 48056 57. 9831@et@mmm@@r<mﬂ élfoiﬂécfﬁwgt%e%w&/ ANt Rad -440. 48291
267. 3483 -1. 6476 083 °YY2g 'L- : 84 —180. 66124 743. 0821
0.2431 0.8236 -2184. 1600 Z i5. 48 72. I\/bde" PVifz) = Intercept +

1/ Ant Rad Coeff x (1/AntRagy + Mﬁ@sRad Coysz[og x(I/Pos&a_;@l)S Det er m ne
Appropriate Radii to Predixd Powems to therssearest 0.25D Target Power Ant

Rad Nom Pos Rad Nom Pred Poger -®©925 6.4977.220505 - 0. 2%00
-5.00 6.004 7.260

Using the above table, to obtain a target -0.25D, molds would be manufactured to the following nominals:
a) Ant Nom = 6.497

b) Pos Nom = 7.505

The above applies for any desired SKU within the range of Powers used.

The lens and/or its package may then be labeled with this predicted power for
sale without having to be directly measured. Based on process robustness the option is
available to select a sample for lens measurement to ensure the correct power has been

achieved.



-1.25 6.387 7.455 -1.25 -2.25 6.280 7.400 -2.25 -3.00 6.199 7.350 -3.00
-4.00 6.096 7.290 -4.00 -5.00 6.004 7.260 -5.00 Using the above table, to
obt ai n a werget1203825D, nol ds woul d be manufactured to whe/Usedosovsony

nom nal s: a) Ant Nom = 6.497 b) Pos Nom = 7.505 The above applies for any
desired SKU within the range of Powers used. The lens and/or its package
may then be labeled with this predicted power for sale w thout having to be
directly neasured. VBad&dClamedd®cess robustness the option is available to
sel ect a sanple for
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Ielnz of ? pregﬁh@ﬁﬁﬁhgﬂﬂsmpy\?ﬁé conprising the steps of: a) nolding anterior
no parts and_posteri.or ts which together nay. c sai d
opht hal mi ¢ | erfd; b)mq]ril’e‘ﬁ%ﬁﬁq?rﬁ’é “8’2%?"6‘? aﬁ%?"em&‘."?r%lﬁ{s?‘i P&H%Wo%"gg%%%ﬁ‘%g‘ﬁtf‘@r’? 'gsr%arml d
gart Fmdl s?! dt@@ﬁs&%%%htmhdla_a[t; c) placing said nold parts in storage;

&) sel eoti ng e mOAIBRECLS PIIBHF SRS TP EHIREVERC AETE PRI BRIEToRs
cal cul ated in §4i18pakd) . required to manufacture the predeterm ned power of

the ophthalmc lens. 2. The nethod of claim1 and further conprising the
step of cal cul®ti n@lache spdalePaty BEHMERS0f the | ens based on the change in

di mensi on of tfie MLyRAHd e YWhinkSinl dinlsRN3@the mold parts while in storage;

e) selecting the mold parts from storage which have the dimensions, as calculated in

step (d), required to manufacture the predetermined power of the ophthalmic lens.

2. The method of claim 1 and further comprising the step of calculating the
predicted power of the lens based on the change in dimension of the mold parts while in
storage.

3. The method of claim 1 wherein the change in dimension of the mold parts while
in storage is calculated using a mold shrinkage regression model.

4. The method of claim 2 wherein the predicted power is calculated using a
predictive power regression model.

5. The method of claim 1 and further comprising the step of labeling the mold parts
with their measured dimensions and time the measurements were taken prior to entering
storage.

6. The method of claim 5 and further comprising assigning a unique storage
location to said mold parts prior to their entering storage.

7. The method of claim 6 wherein the change in dimension of the mold parts while
in storage is calculated using a mold shrinkage regression model and a computer is
utilized having a database wherein mold part information comprising the mold part
measurement dimension, the mold part measurement time, the mold shrinkage regression
model, and the mold part unique storage location is entered.

8. The method of claim 7 wherein the computer generates a label having said mold
part information thereon and said label is affixed to the respective mold parts prior to

entering storage.



3. The method of claim1l wherein the change in dinension of the nold parts
while in storage is calculated using a nold shrinkage regressi on nodel. 4.
The net howloahoeadi2i7sn 2 wherei n the predicted power is calPcultst@d oz®rng a
predi ctive power regression nodel. 5. The nethod of claim1 and further
conprising the step of |abeling the nold parts with their neasured

di mensions and tine the neasurenents were taken prior to enterjng storage.
6. The met hodoof cTiad methodoitldimrtwiereie o npmpuierigutdized tpriclegt the MAIARMES st or age
| ocation to said nold . part rior .t if - erd nmet hod
of claim6 whg‘f’@i Sﬁ“i‘%ﬁ@l’?ﬁ equired F%él%?{o&ﬁmg&oﬁﬁg%ﬁ%%ﬁ?ﬁ?eﬁ?fﬁg@i n
storage is cabfdbtaintiffedisoiweg a nol d shrinkage regression nodel and a
conputer is utilized having a database wherein nold part information
conprising the nold part neasurenent dinmension, the nold part measurenent
time, the nold shrinkage regression nodel, and the nold part unique storage
| ocation is entered. 8. The nethod of claim7 wherein the conputer
generates a | abel having said nold part information thereon and said | abel
is affixed to the respective nold parts prior to entering storage.9. The
met hod of claim8 wherein a conputer is utilized to select the nold parts
from storage having the required change in dinmension to nmanufacture the

| ens of the predeterm ned power.



