
WO 2006/012471 PCT/US200S/025970  Title of the Invention: Predictive
Method of Assigning Power to an Ophthalmic Lens  or Lens Lot
Background of the Invention The present invention relates to determining
and assigning the power of  refraction to an ophthalmic lens such as a
contact lens or intraocular lens, for example.  More particularly, the
present invention relates to a method of accurately deriving and  assigning
a power to an ophthalmic lens or lens lot from the tool used to
manufacture the  mold from which the lens was formed. In the field of
ophthalmic lens manufacture, and particularly in present day  contact lens
manufacture, a required step to measure the refractive power of the lens
so  that the lens power may be accurately labeled for sale. Contact lenses
are offered for sale  in a range of corrective powers to compensate for the
patient's myopia (nearsightedness)  or hypermetropia (farsightedness).
The power of the lens is normally given in units of  diopters, typically in
0.25 diopter increments. Instruments used to 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
method for determining the power of a lens is to measure the mold  radius
of the mold parts used to fabricate the lens. Since the optical surfaces of
the mold  parts form the optical surfaces of the lens, the power of the lens
may be calculated by  measuring the mold radii. This requires direct
measurement of the mold radius prior to  



molding the lens therein since it is known that mold parts will undergo
dimensional  changes over time due to material shrinkage. While power
determination and assignment WO 2006/012471 PCT/IIS2005/029970
through direct measurement of the lens and mold parts themselves have
been used with  success in the past, there remains a need for an
improved, more cost efficient and  potentially more accurate method of
determining and assigning the power to a lens in a  manufacturing setting.
Summary of the Invention The present invention addresses the above
need by providing a method of  determining and assigning power to a lens
or lens lot by deriving the power thereof from  the tool that made the mold
in which the lens was cast. A presently common method of manufacturing
contact lenses is cast molding in a  mold comprising a female and male
mold parts. The female mold part has a concave  optical surface and the
male mold part has a convex optical surface. Liquid lens material  is
dispensed in the concave surface of the female mold part and the male
mold part is  seated thereon. The facing female and male mold surfaces
together define a mold cavity  in which the contact lens material is cured
and formed into a lens. The mold parts  themselves are typically made by
injection molding and are used only once. They may be  made of any
plastic material, with polypropylene (PP) and polyvinylchloride (PVC)
being common materials from which the mold parts 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  surface forms the male optical surface of the
male mold part. The optical surfaces of the  female and male mold parts
form the optical surfaces of the respective female (anterior- convex) and
male (posterior-concave) surfaces of the lens and must therefore be
precisely formed. The optical surfaces of the metal tool inserts are
typically machined  with a diamond turned lathe and polished to achieve
their precise optical surface. It will thus be appreciated that the
relationship between the optical front curve of  a contact lens, as formed
by the optical radius of the female mold part, and the optical  



base curve of the contact lens, as formed by the optical radius of the male
mold part,  determines the contact lens refractive power. The present
inventors recognized that the  power of the lens may be determined, not
only by measuring the lens or mold parts  themselves as is the prevalent
practice today, but also by measuring the radii of the 2 WO 2006/012471
PCT/US2005/025970  female and male optical tools used to make the
female and male mold parts that form the  lens. This has been accurately
accomplished by utilizing a linear regression model of the  optical tool radii
versus lens power as is discussed in more detail below. This method of
lens power determination and assignment removes the need to directly
handle and  measure the lens or mold parts in a manufacturing line which
greatly reduces  manufacturing time and costs and makes the lens power
determination and assignment  operation more reliable. Brief Description
of the Drawine Figure 1 is an elevational view of an exemplary mold pair
prior to assembly used to  make a contact lens; Figure 2 is the view of Fig.
I showing the mold pair in their assembled form; Figure 3 is a side
elevational view of a contact lens cast in the mold assembly of Figs. 1
and 2; Figures 4A and 4B are perspective views of a female and male
mold insert used in an  injection mold machine, respectively; and Figure 5
is a flow chart showing the basic inventive process.  Detailed Description
Referring now to the drawing, there is seen in Figures 1-3 an exemplary
contact  lens mold 10 for making a contact lens 15. Mold 10 includes a
female or anterior mold  part 12 having concave optical surface 12A and
male or posterior mold part 14 having  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. As seen in Fig. 4A a female (anterior) power tool insert 18 is provided
having a convex  



optical surface 18A for making the concave optical surface 12A of female
mold part 12  seen in Figs. I and 3. Additionally, a male (posterior) power
tool insert 20 is provided  having a concave optical surface 20A is seen in
Fig, 4B for making the convex optical  surface 16A of male mold part 16 in
Figs. 1 and 3. The power inserts 18, 20 are used in.  an injection mold
machine (not shown) to make the mold parts 12, 14 out of an  appropriate
material such as polypropylene or polyvinylchloride (PVC), for example. 3
WO 2006/012471 PCIIUS2005/025970  Following manufacture of the
mold parts 12, 14, a lens 15 may be made by dispensing a quantity of
liquid lens material 16 into the concave surface of the female  mold part
12 and seating the male mold part 14 upon the female mold part. The lens
material is then subjected to a curing cycle resulting in a lens 15 being
formed. Once a mold part 12, 14 is ejected from the injection mold
machine, the mold  part will undergo dimensional changes over time due
to shrinkage of the mold material  as it cools. The period of time that goes
by between the making of the mold parts and the  use of the mold parts to
cast a lens typically ranges between 2 to 48 hours in a process
particularly in the case of polypropylene molds. Changes in the
dimensions of the optical  surfaces of the mold parts will of course
translate into changes in the resultant lens  surfaces formed by the mold
parts. This creates less certainty as to whether the lens to be
manufactured will in fact have the refractive power that was intended. By
studying and  understanding mold shrinkage rates, a regression model
may be used for determining the  rate of mold shrinkage over time. As
explained previously, in order to ensure the lens is  of the correct power,
prior practice required measurement of the mold immediately prior  to
molding the lens, or measuring the power of the lens directly. The present
invention provides a method of ensuring that the mold parts to be  used to
make a lens of a specific power are of the correct dimensions to make that
lens.  Stated another way, the power of a lens to be cast, such as lens 15,
is determinable by a  method of measuring the optical surface radii of the
power inserts 18, 20 which are used  to make the mold parts which, in
turn, make the lens. Once the radii of the power inserts  is known, the
power of the lens to be produced by a given mold assembly is thus  



determinable or predictable by using a regression model of the optical
surface radii of the  anterior and posterior power inserts versus the lens
power. Thus, in a first aspect, the invention comprises a method of
predicting the power  of lens 15 or lens lot by first measuring one or more
dimensions (e.g., radius and outside  diameter offset for the anterior or
female power insert, and radius offset, cylinder offset  and inside diameter
offset for the posterior or male power insert) of mold optical surfaces  12A,
14A. More particularly, as seen in the simplified flow diagram of Fig. 5, the
lens  manufacturing process begins with the power insert optical surfaces
182A, 20A being  measured and input into a database of a computer.
Next, female and male mold parts 12,  14 are injection molded using the
power inserts. The injection molded mold parts may be  4 WO
2006/01.2471 PCT/US2005/025970  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 of that
particular  mold run. At this time, the mold part or mold bundles may be
sent to storage. The  computer also preferably assigns a unique storage
location to the mold part or bundle and  includes that information in the
database and label. Since the computer knows the power  insert
dimensions, the time the mold parts were made, and the storage location
of the  mold parts, the computer will later be able to quickly locate the
required mold parts or  mold bundles when needed as explained further
below. A mold shrinkage regression model is developed and input into the
computer  which is used to compute the predicted dimensions of the mold
parts given the time they  have been in storage. As explained above, the
time the mold parts went into storage is  input into the computer database
and is labeled on the mold part or mold bundle. The  computer therefore
knows how long particular mold parts or mold bundles have been in
storage as well as their respective storage locations. The mold shrinkage
regression model is developed using previously determined  actual mold
shrinkage data and readily available regression software such as
MICROTAB by Microtab, Inc. or EXCEL by Microsoft Corporation. Once
the shrinkage  regression model is developed and input into the computer,
the change in mold surface  



dimensions, and hence the mold dimensions over time, may be
calculated. When a lens of a particular power is to be manufactured, the
computer searches 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 5
WO 2006/012471 PCT/US2005/025970  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. An example of developing the regression model is
as follows:  Method to Apply Regression Analysis to Develop a Power by
Tool Radius Model  1. Establish relationship with actual data (this data is
for example only . Avg. Meas Ant Power Post Power 1 /Ant 1 / Pos  Pwr
Insert Rad Insert Rad Rad 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 0.16399 0.13701  -5.01
6.002 7.252 0.16661 0.13789  



SUMMARY OUTPUT  Regression  Statistics Multiple R 0.9995  R Square
0.9990  Adjusted R 0.9984  Square Standard Error 0.0724  Observations
6 ANOVA df SS MS F Signifcance  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/ Ant Rad -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) 6 WO
2006/012471 PCIMS2005/025970  3. Determine Appropriate Radii to
Predict Powers to the nearest 0.25D Target Power Ant Rad Nmn Pos Rad
Nom Pred  Power  -0.25 6.497 7.505 -0.25  -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
obtain a target -0.25D power inserts and molds would be manufactured to
the  following nominals: a) Ant Nom =  6.497  b) PCs Nom = 7.505  The
above applies for any desired SKU within the range of Powers used.
Statistical analysis has shown that this method is accurate at predicting
the power  of a lens to be produced by a given mold assembly by
measuring the power insert radii  that formed the given mold parts. As
such, further measurement of the molds and/or lens  is no longer a
necessary step in the manufacturing process. The lens and/or its package
may then be labeled with this predicted power for sale without having to
be directly  measured. 7 LLOYD WISE  What Is Claimed Is: 1. A method
of assigning power to an ophthalmic lens or lens lot by deriving the  power
from the radius of the female and male power insert tools used to form the
female  and male mold halves from which the female and male optical
surfaces of the lens or lens  lot are formed, respectively; wherein the
power of the lens is calculated using a regression  model of the radius of
the fenale and male power insert tools versus lens power. 2. The method
of claim 1 wherein said female and male power insert tools are used  in an
injection mold machine to form the female optical surface of the female
mold half  and the male optical surface of the male mold half. 3. A method
of developing lens power assignments for a series of lenses, said  method
comprising the step of developing a regression model based on the radii
of the  optical tools used to form the lens optical surfaces. 8 


