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1. A method of cast moulding a toric contact lens including a toric central zone 

having a cylindrical axis and a ballast that has an axis of orientation offset from said 
cylindrical axis, said method comprising curing a polymerizable lens-forming mixture in a 

lens-shaped cavity formed between anterior and posterior mould sections to form the toric 

contact lens, characterised by an improvement wherein
prior to curing the lens-forming mixture, providing anterior and posterior 

mould sections including respective anterior and posterior mould cavity defining surfaces, 

wherein the posterior mould cavity defining surface includes a toric central zone and the 

anterior mould cavity defining surface is shaped to provide the ballast, said mould 

sections being alignable at multiple rotational positions; and
adjusting rotational alignment of the anterior and posterior mould sections 

with respect to one another to align the mould sections at a rotational position 

corresponding to a selected rotational angle, and assembling said anterior and posterior 
mould sections at said corresponding rotational position to form a lens-shaped moulding 

cavity therebetween.
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A method of cast molding toric contact lenses having a toric posterior surface permits aligning the mold sections at multiple rotational 
positions.
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MBTHOD OF CAST MOLDING TORIC CONTACT LENSES

BACKGROUND OF THE INVENTION
This invention relates to a method of cast molding 

toric contact lenses.
Contact lenses having a toric optical zone 

(commonly referred to as "toric contact lenses") are 
used to correct refractive abnormalities of the eye 
associated with astigmatism. The toric optical zone 
provides cylindrical correction to compensate for the 
astigmatism. Since astigmatism requiring vision 
correction is usually associated with other refractive 
abnormalities, such as myopia (nearsightedness) or 
hypermetropia (farsightedness), toric contact lenses 
are generally prescribed also with a spherical 
correction to correct myopic astigmatism or 
hypermetropic astigmatism. Currently, both back toric 
lenses (having the toric surface formed in the 
posterior lens surface) and front toric lenses (having 
the toric surface formed in the anterior lens surface) 
are available.

Whereas spherical contact lenses may freely rotate 
on the eye, toric contact lenses have a ballast to 
inhibit rotation of the lens on the eye so that the
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cylindrical axis of the toric zone remains generally 
aligned with the axis of the astigmatism. For example, 
a section of the lens periphery may be thicker (or 
thinner) than another section to provide the ballast. 
Toric contact lenses are manufactured with a selected 
relationship (or offset) between the cylindrical axis 
of the toric optical zone and the orientation of the 
ballast. This relationship is expressed as the number 
of degrees (rotational angle) that the cylindrical axis 
is offset from the orientation axis of the ballast.

Toric contact lenses, similar to spherical contact 
lenses, are usually offered in several different base 
curves, a lens parameter related to fitting 
characteristics of the lens, and several different 
spherical powers. Toric contact lenses, however, not 
only include the toric optical zone and ballast, but 
the lenses are offered with a range of cylindrical axis 
orientations in order to accommodate patients with 
different astigmatic conditions; for example, for a 
given base curve and spherical power, the cylindrical 
axis may be offered in 5 or 10 degree increments 
ranging from 0 to 180°. Toric contact lenses are often 
referred to as a •'specialty lens" product line; many 
individual prescriptions are offered, and the number of 
individual lenses manufactured, for an individual 
prescription, is very small when compared to spherical 
contact lenses.
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Various methods are used for manufacturing contact 
lenses. The majority of toric contact lenses are 
produced by lathing a button (or lens blank), or a 
semi-finished button (containing one finished surface). 
See, for example, U.S. Patent No. 4,680,998 (Council, 
Jr.).

Another method known, in general, for 
manufacturing contact lenses is cast molding. Cast 
molding of contact lenses involves depositing a curable 
mixture of polymerizable monomers in a mold cavity 
formed by two mold sections, curing the monomer 
mixture, and disassembling the mold assembly and 
removing the lens, other processing steps, for 
example, hydration in the case of hydrogel lenses, may 
also be employed. One mold section forms the anterior 
lens surface (anterior mold section), and the other 
mold section forms the posterior lens surface 
(posterior mold section).

Prior to the cast molding of the contact lens, 
each of the mold sections is formed by injection 
molding a resin in the cavity of an injection molding 
apparatus. Mounted in the injection molding apparatus 
are tools for forming the optical surface on the mold 
sections. Whereas the mold sections are typically used 
only once for casting a lens, the injection molding 
tools are used to make hundreds of molds. The tools 
must be manufactured to extremely high specifications
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so that no roughness or surface defects are transferred 
to the mold section being made therefrom, as any such 
defects on the mold surface would be transferred to the 
molded contact lens. The tools are typically made from 
brass, stainless steel, nickel or some combination 
thereof.

Several known cast molding methods have the 
potential to mold a finished contact lens. As an 
example, U.S. Patent No. 5,271,875 (Appleton et al.) 
discloses such a cast molding method. Since these 
methods avoid time-consuming and labor-intensive 
operations such as lathing, the methods have been found 
to offer the potential to reduce production time and 
cost for the manufacture of spherical contact lenses.

However, various problems have been encountered in 
employing cast molding technology for manufacturing 
toric contact lenses.

If one wished to manufacture a toric contact lens 
product line by cast molding, the number of unique 
tools that must be designed, manufactured and stocked 
is significantly high. For example, assuming that, for 
a given base curve and optical power, toric contact 
lenses are offered with cylindrical axes offset from 
the ballast in 10-degree increments ranging from 0 to 
180 degrees, the number of sets of tools for producing 
the sets of anterior and posterior mold sections would 
be on the order of 18 times greater than needed for
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spherical contact lenses of the same base curve and 
power. These considerations are further complicated by 
the fact that for toric contact lenses, the demand for 
an individual prescription is much lower than for 
spherical lenses.

U.S. Patent No. 5,252,056 (Horner et al.) 
discloses a contact lens cast molding method employing 
two mold halves. When the two mold halves are joined 
together, vertical rib-like fixing elements on one mold 
half and a cylindrical projecting extension on the 
other mold half adhere to each other solely by 
frictional contact. The disclosure mentions that the 
two mold halves can be joined together only in a very 
specific orientation relative to each other, whereby 
toric contact lenses can be manufactured. While this 
approach may permit alignment of the two mold sections 
at a specific orientation, the number of sets of tools 
required to cast mold a toric lens product line would 
remain significantly high.

SUMMARY OF THE INVENTION
The invention provides a method of cast molding a 

toric contact lens including a posterior toric central 
zone having a cylindrical axis, and an anterior lens 
surface forming a ballast that has an axis of 
orientation offset from the cylindrical axis at a 
selected rotational angle.
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The method comprises: providing anterior and 
posterior mold sections including respective anterior 
and posterior mold cavity defining surfaces, wherein 
the posterior mold cavity defining surface includes a 
toric central zone and the anterior mold cavity 
defining surface is shaped to provide ballast, the mold 
sections being alignable at multiple rotational 
positions; adjusting rotational alignment of the 
anterior and posterior mold sections with respect to 
one another to align the mold sections at a rotational 
position corresponding to said selected rotational 
angle, and assembling said anterior and posterior mold 
sections at said corresponding rotational position to 
form a lens-shaped molding cavity therebetween; and 
curing a polymerizable lens-forming mixture in the 
lens-shaped cavi.y of the assembled mold sections to 
form the toric contact lens.

The method ensures that the two mold sections are 
aligned at a specific rotational position so that the 
cylindrical axis and ballast of a toric contact lens 
molded therein are offset at the selected rotational 
angle. Additionally, since the mold sections are 
alignable at multiple rotational positions, the same 
types of mold sections can be used to mold toric 
contact lenses with different axes offsets, thereby 
reducing significantly the number of unique tools that 
must be designed, manufactured and stocked.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic cross-sectional view of a 

toric contact lens.
FIG. 2 is a schematic exploded view of a mold 

assembly.
FIG. 3 is a schematic cross-sectional view of an 

assembled mold assembly.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
FIG. 1 schematically illustrates a representative 

toric contact lens 1 that may be produced by the method 
of this invention.

Central zone 11 of posterior surface 3 is toric,
i.e.,  this zone has a toric surface that provides the 
desired cylindrical correction. Posterior surface 3 
may optionally include at least one peripheral curve 12 
surrounding the central toric zone 11. For the 
described embodiment, central zone 21 of anterior 
surface 4 is spherical, and the spherical curve is 
matched with central zone 11 to provide the desired 
spherical correction to the lens. Anterior surface 4 
may optionally include at least one peripheral curve 22 
surrounding central zone 21.

Lens 1 is provided with ballast so that the lens 
maintains a desired rotational orientation on the eye. 
For example, as schematically shown in FIG. 1,
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peripheral section 51 may have a different thickness 
than an opposed peripheral section 52 of the lens 
periphery. As is known in the art, the ballast is 
oriented about an axis, and toric contact lens
prescriptions define the offset of this axis from the 
cylindrical axis by a selected rotational angle 
(usually expressed as number of degrees). As used 
herein, the term "offset" is inclusive of rotational 
angles of 0 degrees or 180 degrees, wherein the 
cylindrical axis is coincident with the ballast axis.

A representative mold assembly 25 for the method 
of this invention is shown in FIGs. 2 and 3. The mold 
assembly includes posterior mold 30 having a posterior 
mold cavity defining surface 31 (which forms the 
posterior surface of the molded lens), and anterior 
mold 40 having an anterior mold cavity defining surface 
41 (which forms the anterior surface of the molded ·
lens). Each of the mold sections is injection molded . 
from a plastic resin in an injection molding apparatus.

When the mold sections are assembled, a mold 
cavity 32 is formed between the two defining surfaces 
that corresponds to the desired shape of the contact 
lens molded therein. Accordingly, for the method of 
this invention, posterior mold cavity defining' surface 
31 has a toric central zone (for forming the toric 
posterior surface of the toric contact lens) having a 
cylindrical axis, and anterior mold cavity defining
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surface 41 has a configuration that will provide 
ballast to a lens molded in molding cavity 32. Of 
course, surfaces 31, 41 may also include curves for 
forming desired peripheral curves on the lens, and the 
central zones of surfaces 31, 41 may be designed to 
provide a desired spherical correction to the molded 
toric lens.

In cast molding spherical contact lenses from a 
mold assembly composed of posterior and anterior mold 
sections, the two mold sections can be assembled 
without regard to relative rotational positions of the 
mold sections, since the mold cavity defining surfaces 
of both mold sections have only spherical curves. 
However, if the mold sections for molding toric contact 
lenses were positioned or assembled in such a "random” 
manner, a "random” offset between the cylindrical axis 
and ballast would result. Such an approach for cast 
molding toric contact lenses would be impractical, as 
it offers no predictability as to the final molded 
product.

A potential alternate approach would be to design 
a unique set of posterior and anterior mold sections 
for any individual prescription (based on base curve, 
spherical correction, cylindrical correction and 
offset), wherein the mold sections in any set may only 
be joined (or fit) together at one position. While 
this approach may offer the potential to avoid the
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aforementioned random positioning of the mold section 
with respect to one another, the number of unique tools 
that would need to be designed, manufactured and 
stocked for a toric lens product line would be 
significantly high.

The present invention addresses the problems 
attributed to cast molding toric contact lenses. 
First, the rotational alignment of the anterior and 
posterior mold sections can be adjusted to correspond 
with the selected offset between the cylindrical axis 
and the ballast, thus avoiding the random relative 
positioning of the mold sections. Second, the same 
types of anterior and posterior mold sections can be 
aligned at multiple rotational positions. Accordingly, 
the same types of anterior and posterior mold sections 
can be used to mold toric lenses with different axes 
offsets, thereby reducing significantly the number of 
unique tools needed.

As an example, as shown schematically in FIG. 2, 
after depositing a curable mixture of polymerizable 
monomers in anterior mold section 40, posterior mold 
section 30 may be totated about axis 50 until alignment 
of this mold section is adjusted with respect to 
anterior mold section 40 at the selected rotational 
position. The mold sections are then assembled, or 
brought fully together, to assume the configuration 
shown in FIG. 3 while maintaining the selected
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rotational position. Alternately, anterior mold 
section 40 may be rotated about axis 50 until alignment 
is adjusted at the selected rotational position, 
followed by assembling the mold sections while 
maintaining the selected rotational position.

One manner of ensuring the desired rotational 
positioning of the mold sections will be described with 
reference to the embodiment illustrated in FIG. 2. 
Anterior mold section 40 may include a notch 42 which 
is engageable with a protrusion on a support member of 
the cast molding system, thereby ensuring that anterior 
mold section 40 can be aligned at a known position with 
respect to the support member. Posterior mold section 
30 may include one or more detectable indicia 35, 
whereby the rotation of posterior mold section 30 about 
axis 50 can be detected and controlled. After rotating 
posterior mold section 30 about axis 50 until alignment 
of the mold sections is adjusted at the selected 
rotational position, the mold sections are assembled 
while maintaining the selected rotational position.

As a variation of this embodiment, the posterior 
mold section may include a notch, and the anterior mold 
section may include one or more indicia.

Another manner of ensuring the desired rotational 
positioning of the mold sections will be described. 
The support member for anterior mold section 40 may be 
rotatable, wherein notch 42 of anterior mold section 40
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is engageable with its rotatable support member. After 
detecting the position of the posterior mold section 
with detectable indicia 35, the anterior mold section 
and its support member can be rotated about axis 50 
until the selected rotational position is obtained, 
whereby the mold sections are assembled while 
maintaining the selected rotational position.

Variations of this embodiment are evident. For 
example, the anterior mold member and its support may 
be rotatable only in fixed increments of 5 degrees or 
10 degrees.

According to further variations of the described 
embodiments, both the anterior and posterior mold 
sections may include detectable indicia at a known 
position on the mold sections, or both mold sections 
may include a notch at a known position. Other 
variations and embodiments that permit adjusting 
rotational alignment of the two mold sections at 
multiple positions are within the scope of the 
invention as would be evident to one skilled in the 
art. ■

Subsequent to assembling the mold sections, the 
monomer mixture is polymerized, such as by exposure to 
UV light or heat, followed by disassembling the mold 
assembly and removing the molded lens therefrom. Other 
processing steps which may be included, depending on 
the specific process, include lens inspection,
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hydration in the case of hydrogel contact lenses, and 
lens packaging.

The posterior and anterior mold sections are 
injection molded by methods known in the art. The 
tools for the injection molding are typically made from 
brass, stainless steel or nickel or some combination 
thereof. After machining the desired surface on the 
tools, the tools are polished to achieve precision 
surface quality so that no surface imperfections are 
transferred to the mold section being injection molded 
therefrom.

The tool for the injection molding of the 
posterior mold section has a concave toric surface for 
forming the toric surface on the posterior mold 
section. After machining the toric surface on this 
tool, care should be taken to avoid "overpolishing" the 
machined concave toric surface, i.e., since this 
surface is not spherical, the polishing operation may 
undesirably remove portions of the toric surface.

Overpolishing can be minimized by employing a 
polisher that is sufficiently rigid to polish off 
machine marks from the tool surface, but sufficiently 
deformable that curves on the tool surface are not 
altered. A suitable polisher is a dome-shaped polisher 
head formed of a silicone polymer (Silastic E RTV, Dow 
Corning) and mounted on a polishing spindle. The dome
shaped polisher head has a size which generally
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corresponds to the tool surface being polished. During 
polishing, a polishing compound, such as an aqueous 
abrasive composition, is applied to the polisher head, 
and the polisher head is rotated with respect to the 
tool surface. Preferably, both the dome-shaped 
polishing head and the tool are mounted on rotatable 
spindles so that during the polishing operation, the 
rotation of the two elements can be optimized.

A further advantage of the method of this 
invention is that it permits practical and cost 
effective cast molding of toric contact lenses having 
more complicated geometry, especially multifocal toric 
contact lenses.

For this embodiment, the toric contact lens has an 
anterior multifocal surface. Accordingly, both the 
multifocal optics and the ballast are "built into" the 
anterior surface of the lens.

For purposes of illustration, multifocal contact 
lenses can be divided into two classes.

First, multifocal lenses include those which are 
radially symmetric about a diameter of the lens, such 
as concentric bifocal contact lenses. For cast molding 
this class of toric multifocal contact lenses by the 
present invention, mold defining surface 41 of the 
anterior mold section 40 is shaped to provide the 
multifocal optical surface in addition to providing 
ballast. The anterior mold sections are injection
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molded from injection molding tools having this desired 
optical surface by conventional methods.

Second, multifocal lenses include those which are 
not radially symmetric, such as translating multifocal 
contact lenses, or lenses including distinct near and 
far vision zones. Lenses in this class generally must 
maintain a specific orientation on the eye to achieve 
proper multifocal vision. Accordingly, for cast 
molding this latter class of toric multifocal contact 
lenses, mold defining surface 41 is provided with the 
desired multifocal optical surface, as discussed above, 
and surface 41 is also designed so that the multifocal 
optical surface thereon is oriented with respect to the 
ballast provided in surface 41. Since both the 
multifocal optics and the ballast are provided by the 
anterior mold section, the posterior and anterior mold 
sections may still be rotationally aligned at multiple 
rotational positions.

Although certain preferred embodiments have been 
described, it is understood that the invention is not 
limited thereto and modifications and variations would 
be evident to a person of ordinary skill in the art.
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The Claims defining the invention are as follows:
1. A method of cast moulding a toric contact lens including a toric central zone 

having a cylindrical axis and a ballast that has an axis of orientation offset from said 
cylindrical axis, said method comprising curing a polymerizable lens-forming mixture in a

5 lens-shaped cavity formed between anterior and posterior mould sections to form the toric 

contact lens, characterised by an improvement wherein

prior to curing the lens-forming mixture, providing anterior and posterior 

mould sections including respective anterior and posterior mould cavity defining surfaces, 
wherein the posterior mould cavity defining surface includes a toric central zone and the 

io anterior mould cavity defining surface is shaped to provide the ballast, said mould 
sections being alignable at multiple rotational positions; and

adjusting rotational alignment of the anterior and posterior mould sections 
with respect to one another to align the mould sections at a rotational position 
corresponding to a selected rotational angle, and assembling said interior and posterior 

15 mould sections at said corresponding rotational position to form a lens-shaped moulding 

cavity therebetween.

2, The method of claim 1, wherein one of the mould sections is rotated until the 

mould sections are aligned at said corresponding rotational position, and thereafter the 

mould sections are assembled while maintaining said corresponding rotational position.
20 3. The method of claim 1 or claim 2, wherein the mould sections are alignable

only at rotational positions incrementally varying by 5 degree or 10 degree increments.
4. The method of claim 1 or claim 2, wherein the mould sections are alignable at 

any rotational position.
5. The method of any one of claims 1 to 4, wherein the anterior mould cavity 

25 defining surface further includes a spherical central zone.
6. The method of any one of claims 1 to 4, wherein the anterior mould cavity 

defining surface further includes a multifocal central zone.
7. A method of cast moulding a toric contact lens including a toric central zone 

having a cylindrical axis and a ballast that has an axis of orientation offset from said
30 cylindrical axis, said method comprising curing a polymerizable lens-forming mixture in a 

lens-shaped cavity formed between anterior and posterior mould sections to form the toric 

contact lens, substantially as hereinbefore described with reference to the accompanying 

drawings.
8. A contact lens cast by the method of any one of claims 1 to 7.

35 Dated 20 August, 1996
Bausch & Lomb Incorporated

Patent Attorneys for the Applicant/Nominated Person

SPRUSON & FERGUSON
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