Specification

Title of the Invention: Orthokeratology Lens
Technical Field
[0001]

The present invention relates to an orthokeratology lens, and more
specifically, the present invention relates to an orthokeratology contact lens
which has a structure for changing the shape of the cornea surface.
Background Art
[0002]

Orthokeratology is a known therapeutic means for correcting
nearsightedness or myopia wherein a contact lens provided with a plurality of
radii of curvature is worn overnight to reshape the cornea surface to thereby
change focal distance of the cornea itself. Also known is the orthokeratology
contact lens used in such therapy (for example, Patent Document 1).

[0003]

The mechanism of correcting the eyesight using an orthokeratology
contact lens is explained.
[0004]

First, as shown in FIG. 1, in the case of myopia, the surface of the
cornea 2 has a radius of curvature (the nonspherical shape on the left side of
FIG. 1) which is higher than (convex in the front direction compared to) the retina.
Accordingly, the focus will not be on the retina 6, and the light is converged
before reaching the retina 6.

[0005]

On such cornea 2, the orthokeratology contact lens 1 is fitted as shown
in FIG. 2 like corset to reshape the cornea surface 7 of FIG. 1.

[0006]

As a consequence of such correction, the flattened shape of the cornea
surface 7 will be retained even after removing the orthokeratology contact lens 1
as shown in FIG. 3.

[0007]

The light refraction is thereby adjusted and the focus will be on the retina

6, and this will result in the improved eyesight for a certain period.
[0008]
A typical orthokeratology contact lens is the one wherein the surface



contacting the surface of the cornea has a shape divided into 4 parts, namely, a
base region in the center of the orthokeratology contact lens which pushes the
cornea surface (a concave spherical surface functioning as the part correcting
the surface curve), an annular reverse region outside the periphery of the base
region which receives the cornea tissue from the base region, an annular
alignment region outside the periphery of the reverse region which fits the
orthokeratology contact lens with the cornea and adjusts centering of the
orthokeratology contact lens, and an annular peripheral region forming the edge
which facilitates the lens removal and flowing of the lacrimal fluid into the interior
of the orthokeratology contact lens.

Prior Art Documents

Patent Document

[0009]

Patent Document 1: Japanese Patent No. 3881221
Summary of the Invention
Problems to Be Solved by the Invention

[0010]

In the prior art orthokeratology contact lens described in Patent
Document 1, the radius of curvature of the base region has been determined on
the bases of the average radius of curvature of the cornea before the correction
and the intended degree of correction.

[0011]

In addition, the radius of curvature of the alignment region has been
formed so that the value would be near the average radius of curvature of the
cornea before the correction in view of the fitting with the cornea, and to satisfy
the relation:

Rr=Rg+ 11.00 D to 15.00 D (D: diopter)
when the radius of curvature of the base region was Rg and the radius of
curvature of the reverse region was Rg.

[0012]

However, in the case of the shape derived from the conventional design
idea based on such relation, the lens depth of the region related to the cornea
correction will vary depending on the intended degree of correction since the
shape is determined by the medical approach of ensuring the region receiving
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the cornea tissue from the base region.
[0013]

As a consequence, in the case of the conventional means based on
such relation, the lens depth of the region related to the cornea correction will be
deep when intended degree of correction is small, and sufficient pushing of the
central part of the cornea may not be accomplished since amount of pushing of
the cornea in the axial direction of the eye may be insufficient or the cornea may
not be contacted by the lens. In such case, the effect of correction may
become inconsistent, and the intended degree of correction may not be
achieved or an excessive time may be required to realize the desired correction
of the eyesight.

On the other hand, when the depth of the cornea pushed in the axial
direction of the eye is deep, there have been the risks of damaging the cornea,
increasing probability of suffering from complication because of the reduced
intraocular pressure, and roughening of the eye surface due to the forceful
pushing of the cornea surface. In other words, the conventional method
wherein the value of the radius of curvature of the reverse region is derived
solely from the radius of curvature of the base region to be corrected suffered
from the risks of inconsistent correction as well as damaging of the cornea.
[0014]

In view of such situation, it has been found in the present invention that
the radius of curvature of the reverse region is more preferably derived from the
radius of curvature of the base region and the radius of curvature of the
alignment region.

[0015]

The present invention provides an orthokeratology contact lens wherein,
even if the intended degree of correction is different, the lens depth of the region
related to the cornea correction can be kept constant by changing radius of
curvature of the reverse region as long as the radius of curvature of the
alignment region is the same.

Means for Solving the Problems
[0016]

In order to solve the problems as described above, the present invention
has the constitution as described below.
[0017]



(1) An orthokeratology contact lens for correcting eyesight by changing shape of
the cornea wherein lens surface contacting the cornea comprises central area
called base region at the center of the lens which pushes the cornea, an annular
area called reverse region outside the periphery of the base region, an annular
area called alignment region outside the periphery of the reverse region, and an
annular area called peripheral region outside the periphery of the alignment
region; and lens depth necessary for the correction of the cornea is kept
constant by changing the radius of curvature of the reverse region even when
radius of curvature and width of the base region, width of the reverse region,
radius of curvature and width of the alignment region, and radius of curvature
and width of the peripheral region, and intended degree of eyesight after the
correction are changed.

(2) An orthokeratology contact lens according to (1) wherein the lens depth
necessary for correcting the cornea is constant as long as the radius of
curvature of the alignment region is the same.

(3) An orthokeratology contact lens according to (1) or (2) wherein the radius of
curvature of the reverse region is derived from the radius of curvature and the
width of the base region, the width of the reverse region, the radius of curvature
and the width of the alignment region, and the radius of curvature and the width
of the peripheral region.

(4) An orthokeratology contact lens according to (3) wherein, when the width of
the base region is Wg, the width of the reverse region is Wg, the radius of
curvature of the base region is Rg, the radius of curvature of the reverse region
is Rg, the radius of curvature of the alignment region is Ra, the lens depth of the
base region is Tg the lens depth of the reverse region is Tg, and linear distance
between point where the curve of the base region intersects the central axis of
the contact lens and point where the extension of the curve of the alignment
region intersects the central axis of the contact lens is Sp, the lens depth Tg of
the reverse region is derived from the following equation (1):

[0018]

[Mathematical formula 1]

Tg =R, —RA*—F> —Rp+y R —E>—Sp

. .{1)



[0019]
(in equation (1), E represents Wg/2 and F represents Wg/2+Wpg), and
the radius of curvature Rg of the reverse region is derived by using Tr
from the following equation (2):
[0020]
[Mathematical formula 2]

2
2 2 2
Rp = FF-E Ty +F? e+ (2)
2. Tg

[0021]
(in equation (2), E represents Wg/2 and F represents Wg/2+WgR).

(5) An orthokeratology contact lens according to (4) wherein the lens depth Tg
and the radius of curvature Rg are respectively within £10% of the derived lens
depth Tr and radius of curvature Rg.

(6) An orthokeratology contact lens according to (1) wherein the radius of
curvature and the width of the alignment region are different in longitudinal
direction and transverse direction when seen in the direction of the central axis
of the contact lens.

(7) An orthokeratology contact lens according to claim 6 wherein the lens depth
necessary for the correction of the cornea is constant as long as the maximum
radius of curvature of the alignment region is the same.

(8) An orthokeratology contact lens according to (6) or (7) wherein the radius of
curvature of the reverse region is derived from the radius of curvature and the
width of the base region, the width of the reverse region, the maximum radius of
curvature and the maximum width of the alignment region, and the radius of
curvature and width of the peripheral region.

(9) An orthokeratology contact lens according to any one of (6) to (8) wherein,
when the width of the base region is Wg, the width of the reverse region is Wk,
the radius of curvature of the base region is Rg, the radius of curvature of the
reverse region is Rg, the maximum radius of curvature of the alignment region is
Rav, the lens depth of the base region is Tg, the lens depth of the reverse region
is Tgr, and linear distance between point where the curve of the base region
intersects the central axis of the contact lens and point where the extension of
the curve with maximum radius of curvature of the alignment region intersects
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the central axis of the contact lens is Sp the lens depth Ty of the reverse region is
derived from the following equation (3):

[0022]

[Mathematical formula 3]

_ 2 2
Tg =Rav -y Ray?-F>-Rp -+ Rp%-E* -Spy

“*(3)
[0023]
(in equation (3), E represents Wg/2 and F represents Wg/2+Wpg), and
the radius of curvature Rg of the reverse region is derived by using Tr
from the following equation (2):
[0024]
[Mathematical formula 4]

2
2 2 2
Rp = F-E-R| =+ (2)
2-Tg

[0025]

(in equation (2), E represents Wg/2 and F represents Wg/2+Wg).

(10)  An orthokeratology contact lens according to (9) wherein the lens depth
Tr and the radius of curvature Rg are respectively within +10% of the derived
lens depth Tr and radius of curvature Rg.

Advantageous Effects of the Invention

[0026]

The present invention provides an orthokeratology contact lens wherein
the lens depth of the region related to the cornea correction can be kept constant
by changing radius of curvature of the reverse region even if the intended
degree of correction is different as long as the radius of curvature of the
alignment region is the same.

Brief Description of the Drawings

[0027]

[FIG. 1] A schematic view showing an eyeball wherein the cornea is in myopia
state.

[FIG. 2] A schematic view showing an eyeball wearing an orthokeratology
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contact lens.

[FIG. 3] A schematic view showing an eyeball after removing the orthokeratology
contact lens.

[FIG. 4] A schematic view showing the orthokeratology contact lens of the
present invention.

[FIG. 5] A schematic view for explaining the shape of the orthokeratology contact
lens of the present invention.

[FIG. 6] A schematic view showing the toric orthokeratology contact lens of the
present invention.

[FIG. 7] A schematic view for explaining the shape of the toric orthokeratology
contact lens of the present invention.

Description of Preferred Embodiments

[0028]

The present invention relates to an orthokeratology contact lens for
correcting eyesight by changing shape of the cornea wherein lens surface
contacting the cornea comprises central area called base region at the center of
the lens which pushes the cornea, an annular area called reverse region outside
the periphery of the base region, an annular area called alignment region outside
the periphery of the reverse area, and an annular area called peripheral region
outside the periphery of the alignment area, and the lens depth necessary for the
correction of the cornea is kept constant by changing the radius of curvature of
the reverse region even when the radius of curvature and the width of the base
region, the width of the reverse region, the radius of curvature and the width of
the alignment region, and the radius of curvature and the width of the peripheral
region, and intended degree of eyesight after the correction are changed. More
specifically, the present invention relates to an orthokeratology contact lens
wherein the lens depth necessary for the correction of the cornea is constant as
long as the radius of curvature of the alignment region is the same.

[0029]

Next, a preferred embodiment of the present invention is described.
[0030]

First, the orthokeratology contact lens of the present invention is
preferably a hard contact lens having a high oxygen permeation, and as shown
in FIG. 4, the surface of the orthokeratology contact lens of the present invention
which contact cornea 2 of FIG. 1 is divided into 4 parts.

[0031]



The 4 parts are:

the central spherical area called base region B which is in contact with
the cornea 2 of FIG. 1 and which pushes the surface 7 of the cornea to
accomplish the function of correcting the radius of curvature of the cornea
surface,

an annular area called reverse region R outside the periphery of the
base region B which receives cornea tissue from the base region B,

an annular area called alignment region A outside the periphery of the
reverse area R which adjusts fitting between the orthokeratology contact lens 1
and the cornea 2 and centering of the orthokeratology contact lens 1, and

an edge-forming area called peripheral region P which facilitates
removal of the lens and inflow of the lacrimal fluid into the interior of the
orthokeratology contact lens 1.

[0032]

In the cross-sectional shape including the central axis M of the contact
lens, the central point Cg of the radius of curvature Rg of the base region B is
located on the central axis M of the contact lens, and the radius of curvature is
determined so that the cornea surface 7 will reach the intended degree of
correction. The myopia can be corrected since the shape of the cornea surface
7 will be reshaped depending on the radius of curvature.

[0033]

In the reverse region R, a space is formed between the orthokeratology
contact lens 1 and the cornea 2, and this space functions as a space receiving
the cornea tissue resulting from the correction in the base region B.

[0034]

The alignment region A contributes for precise centering of the
orthokeratology contact lens 1 by the contact with the cornea 2 or by the state
resembling such contact but at a distance of several microns. With regard to
the radius of curvature Rx of the alignment region A, the central point Cp is
preferably located on the central axis M of the contact lens, and the value is
preferably near the radius of curvature of the cornea surface before the
correction in order to improve the fitting to the cornea 2.

[0035]

The peripheral region P preferably has a rounded conical cross-sectional
shape to facilitate flowing of the lacrimal fluid from the edge of the
orthokeratology contact lens 1 to the cornea 2 and to reduce the unconformable



feeling during the wearing.
[0036]

As shown in FIG. 4, all curved surfaces have a radius of curvature
surrounding the central axis M of the contact lens, and have a shape resembling
a bowl with the recessed side facing the cornea 2 as shown in FIG. 1.

[0037]

Furthermore, transition point J1 between the base region and the
reverse region, transition point J2 between the reverse region and the alignment
region, and transition point J3 between the alignment region and the peripheral
region which are continuous with each other are preferably rounded so that the
cornea 2 is not injured by these transition points upon wearing of the lens, and
their radius of curvature is preferably 0.02 to 4.00 mm.

[0038]

An embodiment of the present invention is described in detail by
referring to FIG. 5, which is a schematic view of the orthokeratology contact lens
1 of the present invention.

[0039]

In FIG. 5, the width of the base region is Wg, the width of the reverse
region is Wg, the width of the alignment region is W, the width of the peripheral
region is Wp, the radius of curvature of the base region is Rg, the radius of
curvature of the reverse region is Rg, the radius of curvature of the alignment
region is Ra, the radius of curvature of the peripheral region is Rp, the lens depth
of the base region is Tg, the lens depth of the reverse region is Tg, the lens depth
related to the correction of the cornea is Sk (=Tg+Tg), and the linear distance
between point K1 where the curve of the base region intersects the central axis
of the contact lens and point K2 where the extension of the curve of the
alignment region intersects the central axis M of the contact lens is Sp.

[0040]

Since the radius of curvature of the base region Rg is determined to
realize the correction to the intended degree of eyesight, the lens depth Tg of the
base region is calculated from the width W3 of the base region by the following
formula (4):

[0041]
[Mathematical formula 5]



W2
TB:RB' RBZ—TB ”'(4)

[0042]

The value of the radius of curvature Ra of the alignment region is
preferably near the value of average radius of curvature Rk of the cornea before
the correction in order to improve fitting with the cornea 2.

[0043]

A characteristic feature of the present invention is that, in the
cross-section including the central axis M of the orthokeratology contact lens,
the lens depth necessary for the correction of the cornea is kept constant by
changing the radius of curvature Rg of the reverse region even if the Rg, Wg, Wg,
Ra, Wa, Rp, Wp, and the intended degree of correction are changed, and that the
lens depth Sk related to the correction of the cornea is kept constant as long as
the radius of curvature Ra of the alignment region is the same.

[0044]

More specifically, in the cross-section including the central axis M of the
orthokeratology contact lens of the present invention, the lens depth Sk related
to the correction of the cornea can be kept constant by calculating the lens depth
of the reverse region Tr by identifying the value of the lens depth Sk related to
the correction of the cornea and then determining the radius of curvature Rg of
the reverse region so that the value of the lens depth of the reverse region Tg is
satisfied.

[0045]

In other words, in the cross-section including the central axis M of the
orthokeratology contact lens of the present invention, the lens depth of the
reverse region Tg is determined by Tg = Sk-Tg from the Rg, Wpg, Sk, and Tg as
described above. As a consequence, the transition point J1 between the base
region and the reverse region and the transition point J2 between the reverse
region and the alignment region can be determined from the Tg, Rg, Wpg, Tgr, Wg,
Ra, Wa, Rp, and Wp.

[0046]

With regard to the curve of the reverse region R, the lens depth Sk

related to the correction of the cornea can be retained at a constant value even if
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the intended degree of the correction is changed as long as the curve of the
reverse region R passes the transition point J1 between the base region and the
reverse region and the transition point J2 between the reverse region and the
alignment region while retaining the same radius of curvature R of the
alignment region.

[0047]

With regard to the radius of curvature Ry of the reverse region, its central
point Cr is preferably located on the central axis M of the contact lens in view of
the adequate space formed for receiving the cornea tissue moved in the
eyesight correction.

[0048]

Furthermore, the lens depth Sk relating to the correction of the cornea
may be kept constant by calculating the lens depth of the reverse region T from
the linear distance Sp between point K1 where the curve of the base region
intersects the central axis M of the contact lens and point K2 where the
extension of the curve of the alignment region intersects the central axis M of the
contact lens, and determining the radius of curvature Ry of the reverse region to
satisfy such value.

[0049]

In the cross-section including the central axis M of the orthokeratology
contact lens, when Rg, Wg, Wg, Ra, Wa, Rp, Wp, T, and Tr are as described
above, the linear distance between the K1 and K2 is Sp, and E = Wg/2 and F =
Wpg/2+Wk for simplification of the equation, the lens depth of the reverse region
Tr is calculated by the following equation (1):

[0050]
[Mathematical formula 6]

Tp =Ry —yRAZ-F> —Rg+ R’ —E>-Sp
. .(1)

[0051]

The central point Cg of the radius of curvature Rg of the reverse region
calculated by this lens depth of the reverse region Tk is located on the central
axis M of the contact lens, and the Rp satisfied the following equation (2):
[0052]
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[Mathematical formula 7]

2
2 2 2
Ry = F-E-Tr| g2 =+ (2)
2-Tg

[0053]

The surface then passes the transition point J1 between the base region
and the reverse region and the transition point J2 between the reverse region
and the alignment region and the lens depth Sk of the region related to the
correction of the cornea is kept constant, and this is the orthokeratology contact
lens of the present invention.

[0054]

Furthermore, in the present invention, when it is assumed that the
average radius of curvature Rk of the cornea is the same curved surface as the
radius of curvature Ra of the alignment region, the linear distance Sp between
the point K1 where the curve of the base region intersects the central axis M of
the contact lens and the point K2 where the extension of the curve of the radius
of curvature of the alignment region intersects the central axis M of the contact
lens can be regarded as the design value of the pushing of the cornea in the
axial direction of the eye.

[0055]

Accordingly, the orthokeratology contact lens of the present invention
shares common feature with the design idea based on the values determined by
assuming an adequate amount of pushing of the cornea corresponding to the
intended degree of correction. However, the present invention has enabled
determination of the shape capable of sufficiently pushing the central part of the
cornea compared to the conventional orthokeratology contact lens.

[0056]

It is to be noted that the curved surface does not necessarily correspond
to the equations (1), (2), and (4), and practically acceptable effects are achieved
as long as the curved surface passes the points within £10% of the values of
equations (1), (2), and (4).

[0057]

Another type of the orthokeratology contact lens is toric orthokeratology
contact lens. As shown in FIG. 6, in the case of the toric orthokeratology
contact lens, the radius of curvature R and the width W4 of the alignment region
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are different in the longitudinal direction and the transverse direction when the
orthokeratology contact lens is seen from the direction of the central axis.
[0058]

The toric orthokeratology contact lens is formed to satisfy the relation:
Rav = Ran + 0.50D to 6.00D (D: diopter) when the radius of curvature in the
transverse direction of FIG. 6 where the value of the radius of curvature of the
alignment region is in its maximum is Ray and the radius of curvature in the
transverse direction of FIG. 6 where the value of the radius of curvature of the
alignment region is in its minimum is Rap.

[0059]

The width Wy of the radius of curvature Ray of the alignment region is

calculated to satisfy the relation:

Way = (contact lens diameter D - (Wg+2-Wg+2-Wp))/2

and the shape of the alignment region will be an oblong shape with the aspect
ratio in excess of 0.90 and less than 1.00 when the orthokeratology contact lens
is seen from the direction of the central axis.

[0060]

Next, an embodiment of the toric orthokeratology contact lens of the
present invention is described in detail by referring to FIG. 7.

[0061]

FIG. 7 is a schematic view of the toric orthokeratology contact lens 1 of
the present invention, which is a cross-section along the central axis M of the
orthokeratology contact lens in the transverse direction of FIG. 6 where the value
of the radius of curvature of the alignment region is in its maximum.

[0062]

In FIG. 7, the width of the base region is Wg, the width of the reverse
region is Wg, the width of the alignment region is Wy, the width of the peripheral
region is Wp, the radius of curvature of the base region is Rg, the radius of
curvature of the reverse region is Rg, the radius of curvature of the alignment
region where it reaches the maximum is Ray, the radius of curvature of the
peripheral region is Rp, the lens depth of the base region is Tg, the lens depth of
the reverse region is Tg, the lens depth related to the correction of the cornea is
Sk (= Teg+TRr), and the linear distance between point K1 where the curve of the
base region intersects the central axis of the contact lens and point K3 where the
extension of the curve of the radius of curvature of the alignment region where it
reaches the maximum intersects the central axis M of the contact lens is Sepr.
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[0063]

Since the radius of curvature Rg of the base region is determined to
realize the intended degree of correction, the lens depth of the base region Tg is
calculated by the width of the base region Wz from the following equation (4):
[0064]

[Mathematical formula 8]

W2
TB:RB' RBz—TB (4)

[0065]

The radius of curvature Ray of the alignment region where it reaches the
maximum is preferably at a value near the maximum radius of curvature Rgr of
the cornea before the correction in view of improving the fitting to the cornea 2.
[0066]

The characteristic feature of the present invention is that, the lens depth
related to correcting the cornea can be kept constant by changing the radius of
curvature R of the reverse region even if the Rg, Wg, Wg, Rav, Wav, Ran, Wan,
Rp, Wp, or the intended degree of correction were changed in the cross-section
of the orthokeratology contact lens which includes the central axis M and where
the radius of curvature of the alignment region reaches its maximum, and that
the lens depth Sk related to the correction of the cornea is constant as long as
the maximum radius of curvature Ray of the alignment region is the same.
[0067]

More specifically, in the cross-section of the orthokeratology contact lens
of the present invention which includes the central axis M and where the radius
of curvature of the alignment region reaches its maximum, the lens depth Sk
necessary for correcting the cornea can be kept constant by calculating the lens
depth of the reverse region Tg by identifying the value of the lens depth Sk
related to the correction of the cornea and then determining the radius of
curvature R of the reverse region so that the value of the lens depth of the
reverse region Tg is satisfied.

[0068]

With regard to the radius of curvature Ry of the reverse region, its central
point Cr is preferably located on the central axis M of the contact lens in view of
the adequate space formed for receiving the cornea tissue moved in the
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eyesight correction.
[0069]

Furthermore, the lens depth Sk related to the correction of the cornea
may be kept constant by calculating the lens depth of the reverse region T from
the linear distance Sptbetween the point K1 where the curve of the base region
intersects the central axis M of the contact lens and the point K3 where the
extension of the curve of the radius of curvature of the alignment region where it
reaches the maximum intersects the central axis M of the contact lens, and
determining the radius of curvature Ry of the reverse region to satisfy the value
Tr.

[0070]

In the cross-section of the orthokeratology contact lens which includes
the central axis M and where the radius of curvature of the alignment region
reaches its maximum, when the Rg, Wg, Wg, Rav, Wav, Rp, Wp, Tg, and Ty are as
described above, the linear distance between K1 and K3 is Spr, and E = Wg/2
and F = Wg/2+Wpk for simplification of the equation, the lens depth of the reverse
region Tg is calculated by the following equation (3):

[0071]
[Mathematical formula 9]

_ | 2 2
TRiRAV_ RAV2_F —RB+ RBz—E —SPT
“=(3)

[0072]

The central point Cg of the radius of curvature Rg of the reverse region
calculated by this lens depth of the reverse region Tk is located on the central
axis M of the contact lens, and the R satisfied the following equation (2):
[0073]

[Mathematical formula 10]

2
2 2 2
Rg = || —E ~TR"| p2 e (2)
2.Tg

[0074]
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The surface then passes the transition point J1 between the base region
and the reverse region and the transition point J2 between the reverse region
and the alignment region and the lens depth Sk of the region related to the
correction of the cornea is kept constant, and this is the toric orthokeratology
contact lens of the present invention.

[0075]

Furthermore, in the present invention, when it is assumed that the
maximum radius of curvature Rkt of the cornea is the same as the maximum
radius of curvature Ray of the alignment region, the linear distance Sptbetween
the point K1 where the curve of the base region intersects the central axis M of
the contact lens and the point K3 where the extension of the curve of the radius
of curvature of the alignment region where it reaches the maximum intersects
the central axis M of the contact lens can be regarded as the design value of
pushing of the cornea in the axial direction of the eye.

[0076]

Accordingly, the toric orthokeratology contact lens of the present
invention shares common feature with the design idea based on the values
determined by assuming an adequate amount of pushing of the cornea
corresponding to the intended degree of correction. However, the present
invention has enabled the shape capable of sufficiently pushing the central part
of the cornea compared to the conventional orthokeratology contact lens.

[0077]

It is to be noted that the curved surface does not necessarily correspond
to the equations (2) to (4), and practically acceptable effects are achieved as
long as the curved surface passes the points within £10% of the central values of
equations (2) to (4).

Examples
[0078]

Next, the present invention is described in detail by referring to
Examples. It is to be noted that the values of the radius of curvature and the
height in the Examples were measured by contact-type contour measuring
machine (manufactured by Mitutoyo Corporation).

[0079]
[Example 1]

With regard to sample A, an orthokeratology contact lens was prepared

by assuming an eye with the refractive power of the cornea of 42.00 diopter, the

16



radius of curvature of the cornea of 8.04 mm, and the ametropia of -2.50. Since
the target degree of correction was +0.75 diopter, the radius of curvature Rg of
the base region of the orthokeratology contact lens was 8.71 mm. The
diameter D of the orthokeratology contact lens was 10.6 mm, the width of the
base region Wg was 6.20 mm, the width of the reverse region Wg was 0.40 mm,
the radius of curvature R of the alignment region was 8.04 mm, and the linear
distance Sp between the point where the curve of the base region intersects the
central axis of the contact lens and the point where the extension of the curve of
the alignment region intersects the central axis of the contact lens was 0.03 mm,
and the lens depth Tr of the reverse region was calculated by the following
equation (1) wherein E = Wg/2 and F= Wg/2+Wg were used for simplification of
the equation.

[0080]

[Mathematical formula 11]

Tp =R - Rp>—F> —Rg+y Rg”—E% —Sp
*+(1)

[0081]
By using the lens depth Tr of the reverse region, the radius of curvature
Rr of the reverse region was calculated by the following equation (2):
[0082]
[Mathematical formula 12]

2

2 2 2

Rp = F-BE-TRT) g2 =+ (2)
2-Tg

[0083]

For the orthokeratology contact lens of sample A, the lens depth Tg of
the reverse region and the radius of curvature Rg of the reverse region were
respectively 0.20 mm and 7.34 mm, and the lens depth Sk related to the cornea
correction was 0.77 mm.

[0084]
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[Example 2]

With regard to sample B, an orthokeratology contact lens was prepared
by assuming an eye with the refractive power of the cornea of 42.00 diopter, the
radius of curvature of the cornea of 8.04 mm, and the ametropia of -5.00. Since
the target degree of correction was +0.75 diopter as in the case of sample C, the
radius of curvature Rg of the base region of the orthokeratology contact lens was
9.31 mm. The diameter D of the orthokeratology contact lens was 10.6 mm,
the width of the base region Wgwas 6.20 mm, the width of the reverse region Wgr
was 0.40 mm, the radius of curvature Rx of the alignment region was 8.04 mm,
and the linear distance Sp between the point where the curve of the base region
intersects the central axis of the contact lens and the point where the extension
of the curve of the alignment region intersects the central axis of the contact lens
was 0.03 mm, and the lens depth Tg of the reverse region was calculated by the
following equation (1) wherein E = Wg/2 and F= Wg/2+Wg were used for
simplification of the equation.

[0085]
[Mathematical formula 13]

Tp =Ry~ Rp2-F> —Rp+y{RpZ-E?-Sp

(1)

[0086]
By using the lens depth Tr of the reverse region, the radius of curvature
Rr of the reverse region was calculated by the following equation (2):
[0087]
[Mathematical formula 14]

2
2 2 2
Ry = FoE -T2 =t (2)
2-Tx

[0088]

For the orthokeratology contact lens of sample B, the lens depth T of
the reverse region and the radius of curvature Ry of the reverse region were
respectively 0.24 mm and 6.41 mm, and the lens depth Sk related to the cornea
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correction was 0.77 mm.
[0089]
[Example 3]

With regard to sample C, a toric orthokeratology contact lens was
prepared by assuming an eye with the refractive power of the cornea of 42.00
diopter, the radius of curvature in transverse direction of the cornea of 8.04 mm,
the radius of curvature in longitudinal direction of the cornea of 7.76 mm, and the
ametropia of -2.50. Since the target degree of correction was +0.75 diopter, the
radius of curvature Rg of the base region of the orthokeratology contact lens was
8.71 mm. The diameter D of the orthokeratology contact lens was 10.6 mm,
the width of the base region Wgwas 6.20 mm, and the width of the reverse
region Wg was 0.40 mm. The radius of curvature Ray of the alignment region
where the value of the radius of curvature of was maximum was 8.04 mm, and
the linear distance Spt between the point where the curve of the base region
intersects the central axis of the contact lens and the point where the extension
of the curve of the alignment region intersects the central axis of the contact lens
was 0.03 mm, and the lens depth Tg of the reverse region was calculated by the
following equation (3) wherein E = Wg/2 and F= Wg/2+Wg were used for
simplification of the equation.

[0090]
[Mathematical formula 15]

_ / 2 2 2 2
TR_RAV' RAV -F —RB+ RB -E —SPT

“*(3)

[0091]
By using the lens depth Ty of the reverse region, the radius of curvature
Rr of the reverse region was calculated by the following equation (2):
[0092]
[Mathematical formula 16]
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[0093]

For the orthokeratology contact lens of sample C, the lens depth T of
the reverse region and the radius of curvature Rg of the reverse region were
respectively 0.20 mm and 7.34 mm, and the lens depth Sk related to the cornea
correction was 0.77 mm.

[0094]
[Example 4]

With regard to sample D, a toric orthokeratology contact lens was
prepared by assuming an eye with the refractive power of the cornea of 42.00
diopter, the radius of curvature in transverse direction of the cornea of 8.04 mm,
the radius of curvature in longitudinal direction of the cornea of 7.76 mm, and the
ametropia of -5.00. Since the target degree of correction was +0.75 diopter as
in the case of sample C, the radius of curvature Rg of the base region of the
orthokeratology contact lens was 9.31 mm. The diameter D of the
orthokeratology contact lens was 10.6 mm, the width of the base region Wg was
6.20 mm, and the width of the reverse region Wg was 0.40 mm. The radius of
curvature Ray of the alignment region where the value of the radius of curvature
of was maximum was 8.04 mm, and the linear distance Spr between the point
where the curve of the base region intersects the central axis of the contact lens
and the point where the extension of the curve of the alignment region intersects
the central axis of the contact lens was 0.03 mm, and the lens depth Tk of the
reverse region was calculated by the following equation (3) wherein E = Wg/2
and F= Wg/2+Wg were used for simplification of the equation.

[0095]
[Mathematical formula 17]

TR :RAV'\H RAV2'F2 -RB‘F\ 1{]32-]5‘:2 'SPT
-+(3)
[0096]

20



By using the lens depth Tr of the reverse region, the radius of curvature
Rr of the reverse region was calculated by the following equation (2):
[0097]
[Mathematical formula 18]

2
2 2 2
Ry = FE TR, g ==+(2)
2-Tg

[0098]

For the orthokeratology contact lens of sample D, the lens depth T of
the reverse region and the radius of curvature Rg of the reverse region were
respectively 0.24 mm and 6.41 mm, and the lens depth Sk related to the cornea
correction was 0.77 mm.

[0099]

As described above, the present invention provides an orthokeratology
contact lens wherein the lens depth of the region related to the cornea correction
can be kept constant by changing radius of curvature of the reverse region even
if the intended degree of correction is different as long as the radius of curvature
of the alignment region is the same or as long as the radius of curvature of the
alignment region where it reaches the maximum is the same in the case of the
toric orthokeratology contact lens.

Industrial Applicability
[0100]

The present invention is adapted for use as an orthokeratology contact
lens.

Explanation of Numerals
[0101]

. orthokeratology contact lens
: cornea

. axis of eye

- iris

: crystalline lens

> retina

~N o oA WDN P

: surface of cornea
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D: diameter of the orthokeratology contact lens

B: base region

R: reverse region

A: alignment region

P: peripheral region

J1: transition point where the base region encounters the reverse region

J2: transition point where the reverse region encounters the alignment region
J3: transition point where the alignment region encounters the peripheral region
K1: point where the curve of the base region intersects the central axis of the
contact lens

K2: point where the extension of the curve of the alignment region intersects the
central axis of the contact lens

K3: point where the extension of the curve with the maximum radius of curvature
of the alignment region intersects the central axis M of the contact lens

M: central axis of the contact lens

Cg: central point of the radius of curvature of the base region

Cr: central point of the radius of curvature of the reverse region

Ca: central point of the radius of curvature of the alignment region

Cav: central point of the maximum radius of curvature of the alignment region
Cp: central point of the radius of curvature of the peripheral region

Rk: average radius of curvature of the cornea

Rkr: maximum radius of curvature of the cornea

Rg: radius of curvature of the base region

Rrg: radius of curvature of the reverse region

Ra: radius of curvature of the alignment region

Ran: minimum radius of curvature of the alignment region in the toric
orthokeratology contact lens

Rav: maximum radius of curvature of the alignment region in the toric
orthokeratology contact lens

Rp: radius of curvature of the peripheral region

Rpn: radius of curvature of the peripheral region in the direction of the minimum
radius of curvature of the alignment region in the toric orthokeratology contact
lens

Tg: lens depth of the base region

Tr: lens depth of the reverse region

Sk: lens depth of the region related to cornea correction
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Sp: linear distance between the point where the curve of the base region
intersects central axis of the contact lens and the point where the extension of
the curve of the alignment region intersects the central axis of the contact lens
Ser: linear distance between the point where the curve of the base region
intersects the central axis of the contact lens and the point where the extension
of the curve with the maximum radius of curvature of the alignment region
intersects the central axis of the contact lens

Wg: width of the base region

Whr: width of the reverse region

W : width of the alignment region

W n: width in the direction of the minimum radius of curvature of the alignment
region in the toric orthokeratology contact lens

W v: width in the direction of the maximum radius of curvature of the alignment
region in the toric orthokeratology contact lens

Wp: width of the peripheral region

Wpy: width of the peripheral region in the direction of the minimum radius of
curvature of the alignment region in the toric orthokeratology contact lens
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Claims:

[Claim 1]

An orthokeratology contact lens for correcting eyesight by changing
shape of the cornea wherein

lens surface contacting the cornea comprises

central area called base region at the center of the lens which
pushes the cornea,

an annular area called reverse region outside the periphery of
the base region,

an annular area called alignment region outside the periphery of
the reverse region, and

an annular area called peripheral region outside the periphery of
the alignment region, and

lens depth necessary for the correction of the cornea is kept constant by
changing the radius of curvature of the reverse region even when radius of
curvature and width of the base region, width of the reverse region, radius of
curvature and width of the alignment region, and radius of curvature and width of
the peripheral region, and intended degree of eyesight after the correction are
changed.

[Claim 2]

An orthokeratology contact lens according to claim 1 wherein the lens
depth necessary for correcting the cornea is constant as long as the radius of
curvature of the alignment region is the same.

[Claim 3]

An orthokeratology contact lens according to claim 1 or 2 wherein the
radius of curvature of the reverse region is derived from the radius of curvature
and the width of the base region, the width of the reverse region, the radius of
curvature and the width of the alignment region, and the radius of curvature and
the width of the peripheral region.

[Claim 4]

An orthokeratology contact lens according to any one of claims 1 to 3
wherein, when the width of the base region is Wg, the width of the reverse region
is Wg, the radius of curvature of the base region is Rg, the radius of curvature of
the reverse region is Rg, the radius of curvature of the alignment region is Ra,
lens depth of the base region is Tg lens depth of the reverse region is Tg, and
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linear distance between point where the curve of the base region intersects the
central axis of the contact lens and point where the extension of the curve of the
alignment region intersects the central axis of the contact lens is Sp,

the lens depth Tr of the reverse region is derived from the following
equation (1):
[Mathematical formula 1]

Tp =R, —+ Ry> —F> —Rp ++ RgZ—E2 —Sp

*+(1)

(in equation (1), E represents Wg/2 and F represents Wg/2+Wpg), and

the radius of curvature Rg of the reverse region is derived by using Tr
from the following equation (2):
[Mathematical formula 2]

2
2 2 2
Ry = FoBE-TR™| g2 ===(2)
2-Tg

(in equation (2), E represents Wg/2 and F represents Wg/2+Wg).
[Claim 5]

An orthokeratology contact lens according to claim 4 wherein the lens
depth Tr and the radius of curvature Rg are respectively within +10% of the
derived lens depth Tr and radius of curvature Rg.

[Claim 6]

An orthokeratology contact lens according to claim 1 wherein the radius
of curvature and the width of the alignment region are different in longitudinal
direction and transverse direction when seen in the direction of the central axis
of the contact lens.

[Claim 7]

An orthokeratology contact lens according to claim 6 wherein the lens
depth necessary for the correction of the cornea is constant as long as the
maximum radius of curvature of the alignment region is the same.

[Claim 8]

An orthokeratology contact lens according to claim 6 or 7 wherein the
radius of curvature of the reverse region is derived from the radius of curvature
and the width of the base region, the width of the reverse region, the maximum
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radius of curvature and the maximum width of the alignment region, and the
radius of curvature and width of the peripheral region.
[Claim 9]

An orthokeratology contact lens according to any one of claims 6 to 8
wherein, when the width of the base region is Wg, the width of the reverse region
is Wg, the radius of curvature of the base region is Rg, the radius of curvature of
the reverse region is Rg, the maximum radius of curvature of the alignment
region is Ray, the lens depth of the base region is the Tg the lens depth of the
reverse region is the Tg, and linear distance between point where the curve of
the base region intersects the central axis of the contact lens and point where
the extension of the curve with maximum radius of curvature of the alignment
region intersects the central axis of the contact lens is Sp,

the lens depth Tr of the reverse region is derived from the following
equation (3):

[Mathematical formula 3]

_ / 2 2 2 2
TR*RA\J- RAV -F -RB+ RB -E -SPT

*+(3)

(in equation (3), E represents Wg/2 and F represents Wg/2+Wpg), and

the radius of curvature Rg of the reverse region is derived by using Tr
from the following equation (2):
[Mathematical formula 4]

2
Rp = [FzEzTRQ] +F? *++(2)
2-Tp

(in equation (2), E represents Wg/2 and F represents Wg/2+Wp).
[Claim 10]

An orthokeratology contact lens according to claim 9 wherein the lens
depth Tr and the radius of curvature Rg are respectively within +10% of the
derived lens depth Tr and radius of curvature Rg.
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