
PATIENT-ADAPTED AND IMPROVED ORTHOPEDIC IMPLANTS, DESIGNS AND RELATED TOOLS
RELATED APPLICATIONS [0001] This application claims the benefit of: U.S.
Ser. No. 61/269,405, entitled "Patient-Specific Orthopedic Implants And
Models" filed June 24, 2009; U.S Ser. No. 61/220,726, entitled
"Patient-Specific Orthopedic Implants And Models," filed June 26, 2009;
U.S. Ser. No. 61/273,216, entitled "Patient-Specific Orthopedic Implants
And Models" filed July 31, 2009; U.S. Ser. No. 61/275,174, entitled
"Patient-Specific Orthopedic Implants And Models" filed August 26, 2009;
U.S. Ser. No. 61/280,493, entitled "Patient-Adapted and Improved Orthopedic
Implants, Designs and Related Tools" filed November 4, 2009; U.S. Ser. No.
61/284,458, entitled "Patient-Adapted And Improved Orthopedic Implants,
Designs And Related Tools" filed December 18, 2009. [0002] This application
also claims the benefit of U.S. Ser. No. 12/660,529, entitled
"Patient-Adapted and Improved Orthopedic Implants, Designs, and Related
Tools" filed February 25, 2010. [0003] Each of the above-described
applications is hereby incorporated by reference in its entirety and for
all purposes, and this application claims priority to each of the
applications listed above. TECHNICAL FIELD [0004] This application relates
to improved and/or patient-adapted (e.g., patientspecific and/or
patient-engineered) orthopedic implants and guide tools, as well as related
methods, designs and models. BACKGROUND [0005] Generally, a diseased,
injured or defective joint, such as, for example, a joint exhibiting
osteoarthritis, has been repaired using standard off-the-shelf implants and
other surgical devices. Specific off-the-shelf implant designs have been
altered over the years to address particular issues. However, in altering a
design to address a particular issue, historical design changes frequently
have created one or more additional issues for future designs toaddress.
Collectively, many of these issues have arisen from one or more differences
between a patient's existing or healthy joint anatomy and the corresponding
features of an implant component. SUMMARY [0006] The patient-adapted (e.g.,
patient-specific and/or patient-engineered) implant components described
herein can be selected (e.g., from a library), designed (e.g.,
preoperatively designed including, optionally, manufacturing the components
or tools), and/or selected and designed (e.g., by selecting a blank
component or tool having certain blank features and then altering the blank
features to be patient-adapted). Moreover, related methods, such as designs
and strategies for resectioning a patient's biological structure also can
be selected and/or designed. For example, an implant component bone-facing
surface and a resectioning strategy for the corresponding bone-facing
surface can be selected and/or designed together so that an implant
component's bone-facing surface matches the resected surface in one or more
aspects. [0007] In certain embodiments, patient-adapted features of an
implant component, guide tool or related method can be achieved by
analyzing imaging test data and selecting and/or designing (e.g.,
preoperatively selecting from a library and/or designing) an implant
component, a guide tool, and/or a procedure having a feature that is
matched and/or optimized for the particular patient's biology. The imaging
test data can include data from the patient's joint, for example, data
generated from an image of the joint such as x-ray imaging, cone beam CT,
digital tomosynthesis, ultrasound, MRI or CT scan, or a PET or SPECT scan,
is processed to generate a varied or corrected version of the joint or
portions of the joint or surfaces within the joint. Certain embodiments
provide methods and devices to create a desired model of a joint or
portions or surfaces of a joint based on data derived from the existing
joint. For example, the data also can be used to create a model that can be
used to analyze the patient's joint and to devise and evaluate a course of
corrective action. The data and/or model also can be used to design an
implant component having one or more patientspecific features, such as a
surface or curvature. [0008] In one aspect, certain embodiments provide a
tibial implant for a knee arthroplasty that includes (a) a tibial tray
sized and shaped generally for placement on aproximal surface of a tibia of
a patient with at least one insert locking mechanism, and (b) a first
insert, a second insert, or both a first and second tibial insert. The
first insert can include a first reciprocal locking mechanism, a first
bottom surface for engaging a surface of the tibial 



tray, a first articular surface portion generally opposite the first base
surface, and a first thickness extending in a generally perpendicular
direction between the first bottom surface and the first articular surface.
The second insert can include a second reciprocal locking mechanism, a
second bottom surface for engaging a surface of the tibial tray, a second
articular surface portion generally opposite the second base surface, and a
second thickness extending in a generally perpendicular direction between
the second bottom surface and the second articular surface. In some
embodiments, the first thickness of the first insert can be greater than
the second thickness of the second insert. The first and second thicknesses
can be measured, for example, from geographic centers of the first and
second contact areas of the first and second articular surfaces,
respectively, and/or from corresponding edges of first and second contact
areas of the first and second articular surfaces, respectively, and/or from
central points of the first and second articular surfaces, respectively,
and/or from the point of the first and second articular surfaces that are
closest to the first and second bottom surfaces, respectively, and/or from
the point of the first and second articular surfaces that are furthest from
the first and second bottom surfaces, respectively. In some embodiments,
the first and second thicknesses can be average thicknesses of the first
and second inserts, respectively. [0009] In some embodiments, the first
thickness of the first insert can be substantially greater than the second
thickness of the second insert. For example, the difference in the
thickness of the first and second thicknesses can be a statistically
significant difference. Alternatively or in addition, the first and second
thicknesses can be a clinically significant difference, such as a
difference in thickness that is sufficient to induce a clinical effect. A
clinical effect can include an alignment of at least a portion of the knee
and/or balancing of at least a portion of the knee. In addition, in some
embodiments, the first and second inserts of the tibial implant can have
different curvatures on respective articular surface portions and/or
different slopes on respective articular surface portions. [00010] In
another aspect, certain embodiments provide a tibial implant for knee
arthroplasty that can include a medial tibial insert comprising (i) a
substantially planar inner surface for engaging a medial tibial tray face
and (ii) an articular surface comprising anarticular surface plateau and
disposed therein a curved portion for opposing an articular surface of a
medial femoral condyle. Alternatively or in addition, the tibial implant
can include a lateral tibial insert comprising (i) a substantially planar
inner surface for engaging a lateral tibial tray face and (ii) an articular
surface comprising an articular surface plateau and disposed therein a
curved portion for opposing an articular surface of a lateral femoral
condyle. In some embodiments, the distance from the inner surface to the
articular surface of the medial tibial insert can be different from the
distance from the inner surface to the articular surface of the lateral
tibial insert. [0001 1] In some embodiments, the minimum distance from the
inner surface to the articular surface of the medial tibial insert can be
different from the minimum distance from the inner surface to the articular
surface of the lateral tibial insert, and/or the maximum distance from the
inner surface to the articular surface of the medial tibial insert can be
different from the maximum distance from the inner surface to the articular
surface of the lateral tibial insert, and/or the average distance from the
inner surface to the articular surface of the medial tibial insert can be
different from the average distance from the inner surface to the articular
surface of the lateral tibial insert. [00012] In some embodiments, the
distance from the inner surface to the articular surface of the medial
tibial insert can be substantially different and/or significantly different
from the distance from the inner surface to the articular surface of the
lateral tibial insert. For example, the distance from the inner surface to
a central point of the articular surface of the medial tibial insert can be
different from the distance from the inner surface to a central point of
the articular surface of the lateral tibial insert. Alternatively or in
addition, the distance from the inner surface to a central point of a
contact area of the articular surface of the medial tibial insert is
different from the distance from the inner surface to a central point of a
contact area of the articular surface of the lateral tibial insert.
Alternatively or in addition, the distance from the inner surface to an
edge of the articular surface of the medial tibial insert is different from
the distance from the inner surface to an edge the articular surface of the
lateral tibial insert. [00013] In some embodiments, the medial and lateral
tibial inserts can have different curvatures in the respective curved
portions, and/or different articular surface plateau slopes.In some
embodiments, the slope for the articular surface plateau of the medial
tibial insert can be patient-matched to the patient's medial tibial plateau
slope, or it can be patient-matched to the patient's lateral tibial plateau
slope. Similarly, in some embodiments, the slope for the 



articular surface plateau of the lateral tibial insert can be
patient-matched to the patient's lateral tibial plateau slope, or it can be
patient-matched to the patient's medial tibial plateau slope. In some
embodiments, the tibial implant can have a first tibial tray that includes
a medial tibial tray face and a second tibial tray that includes a lateral
tibial tray face. [00014] In another aspect, certain embodiments provide a
method for making a tibial implant for use in repairing or replacing a knee
of a patient. The method can include one or both of the steps of (a)
electronically evaluating at least a portion of the knee based on image
data of the of the knee, and (b) specifying one or more parameters of the
tibial implant based at least in part on the evaluation. The specified
parameters can define, at least in part, a tibial implant having a first
articular surface higher than a second articular surface relative to a
proximal end of a tibia of the knee when the tibial implant is implanted on
the proximal end of the tibia. In some embodiments, the method can further
include the step of planning a surgical result based on the electronic
image data of a patient's knee and, optionally, the specified parameters
can define, at least in part, a configuration of a tibial implant to
substantially achieve a planned surgical result. The surgical result can be
knee balancing during a surgical procedure and, optionally, the knee
balancing can include knee balancing during extension and/or knee balancing
during flexion. Alternatively or in addition, the surgical result can be
knee alignment and, optionally, the knee alignment can include knee
alignment of anatomical axes and/or knee alignment of biomechanical axes.
In some embodiments, the knee alignment can include knee alignment of the
patient's femur and tibia, for example, linear alignment and/or rotational
alignment of the patient's femur and tibia. In some embodiments, the
surgical result can include establishment or reestablishment of a
particular joint line for the patient, for example, establishment of the
joint- line of a medial compartment relative to a lateral compartment of
the patient's knee. [00015] In some embodiments, the method's step of
electronically evaluating at least a portion of the knee can include
determining a difference in the relative position of at least a portion of
first and second articular surfaces of the knee. Alternatively and/or in
addition, the step of electronically evaluating at least a portion of the
knee can include determining a jointline of the knee, for example,
pre-surgically determining a joint line of the knee and/or postsurgically
determining a joint line of the knee. [00016] In another aspect, certain
embodiments provide a method for making a tibial implant having at least
one of a medial tibial insert and a lateral tibial insert that
substantially matches a patient's biological feature in one or more
measurements, or as a predetermined percentage thereof. The method can
include one or both of the steps of (a) preoperatively identifying a
feature measurement of the patient's joint, and (b) designing at least one
of the medial tibial insert and the lateral tibial insert to include
substantially the same feature measurement or a predetermined percentage of
the feature measurement identified in step (a). In certain embodiments,
step (b) can include designing at least one of the medial tibial insert and
lateral tibial insert using computer-aided design (CAD), and/or using
computer-aided manufacturing (CAM), and/or cutting a blank insert or an
insert having a blank feature to yield substantially the same feature
measurement or a predetermined percentage of the feature measurement from
step (a). [00017] In some embodiments of the method, the substantially
matching feature measurement can be selected from the group consisting of
an insert mediolateral dimension substantially matching a corresponding
patient mediolateral dimension or a predetermined percentage thereof, an
insert thickness substantially matching a corresponding thickness of
resected patient tissue or a predetermined percentage thereof, an insert
perimeter shape substantially matching a corresponding patient perimeter
shape or a predetermined percentage thereof, an insert surface slope
substantially matching a corresponding patient slope or a predetermined
percentage thereof, and an insert surface curvature substantially matching
a corresponding patient curvature or a predetermined percentage thereof.
[00018] In some embodiments, designing a substantially matching or same
feature measurement can include smoothing a line or curve of the patient's
biological feature to derive the implant's substantially same feature
measurement or a predetermined percentage of the feature measurement.
[00019] In another aspect, certain embodiments provide a method for
implanting a knee implant in a patient's knee that includes one or both of
the steps of (a) preparing a proximal end of a tibia to receive an implant;
and (b) inserting at least one tibial implant onto theprepared proximal end
of the tibia such that a first articular surface of the at least one
implant engages a first articular surface of a femur or femoral implant and
a second articular surface of the at least one implant engages a second
articular surface of the femur or femoral implant. 



The first articular surface can be higher than the second articular surface
relative to an anatomical axis of the tibia. In some embodiments, the
tibial implant includes a single tibial implant tray, optionally with a
single tibial insert, or alternatively, with dual tibial inserts. In other
embodiments, the tibial implant includes dual tibial implant trays,
optionally with a single tibial insert, or alternatively, with dual tibial
inserts, for example, a single tibial insert for each of the two tibial
implant trays. [00020] In some embodiments, the method can further include
adjusting a height of a first articular surface relative to second
articular surface. In some embodiments, the method can further include one
or more of aligning the patient's joint, assessing the alignment of the
patient's joint, and adjusting alignment of the patient's joint. Adjusting
the alignment of a patient's joint can include, for example, one or more of
adjusting rotational alignment of the patient's joint, adjusting linear
alignment of the patient's joint, and adjusting alignment of the patient's
femur and tibia. In some embodiments, the method can include adjusting a
biomechanical axis of the patient's joint and/or adjusting an anatomical
axis of the patient's joint. In some embodiments, the method can further
include one or more of balancing a patient's joint, assessing the balance
of the patient's joint, and adjusting the balance of the patient's joint.
Balancing can include, for example, balancing of the patient's joint in
extension and/or in flexion. [00021] In some embodiments, the method can
further include planning a surgical procedure based on electronic image
data of the patient's knee, for example, to achieve a predetermined
surgical result and optionally performing the surgical procedure. In some
embodiments, the method's step (b) can substantially achieve the
predetermined surgical result. The surgical result can include, for
example, one or more of joint balancing, joint alignment, inserting a first
insert, adjusting balance with a second insert or trial insert, adjusting
alignment with a second insert or trial insert, inserting a second insert,
replacing a second insert or trial insert with a third insert or trial
insert, adjusting balance with the third insert or trial insert, and
adjusting alignment with a third insert or trial insert.[00022] In another
aspect, certain embodiments provide a method for balancing or optimizing
ligament tension during implantation of a knee implant in a patient that
includes one or more of the steps of (a) assessing the patient's medial
joint gap distance and tension, (b) assessing the patient's lateral joint
gap distance and tension, and (c) selecting independent medial and lateral
tibial inserts to provide proper gap distance and tension. In some
embodiments, the selected medial and lateral tibial inserts can have
different thicknesses. In some embodiments, the selected medial tibial
insert in step (c) is selected from among two or more medial tibial inserts
having different thicknesses and/or the selected lateral tibial insert in
step (c) is selected from among two or more lateral tibial inserts having
different thicknesses. The selection of one or both medial and lateral
tibial inserts can be used to substantially restore the patient's natural
medial and/or lateral joint gaps, and/or it can be used to substantially
restore the patient's natural kinematics. [00023] In another aspect,
certain embodiments provide a kit for implanting a tibial implant in a
patient in need of knee replacement that includes (a) a tibial tray having
a first surface for affixing the tray to the patient's tibia and an
opposing second surface for engaging a medial tibial insert, and (b) two or
more medial tibial inserts having different thicknesses from which to
select one medial tibial insert for engaging with the tibial tray. In
another aspect, certain embodiments provide a kit for implanting a tibial
implant in a patient in need of knee replacement that includes (a) a tibial
tray having a first surface for affixing the tray to the patient's tibia
and an opposing second surface for engaging a lateral tibial insert; and
(b) two or more lateral tibial inserts having different thicknesses from
which to select one lateral tibial insert for engaging with the tibial
tray. [00024] It is to be understood that the features of the various
embodiments described herein are not mutually exclusive and may exist in
various combinations and permutations.BRIEF DESCRIPTION OF THE DRAWINGS
[00025] The foregoing and other objects, aspects, features, and advantages
of embodiments will become more apparent and may be better understood by
referring to the following description, taken in conjunction with the
accompanying drawings, in which: [00026] FIG. 1 is a flow chart
illustrating a process that includes selecting and/or designing an initial
patient-adapted implant; [00027] FIG. 2A is a photograph showing an
exemplary knee replacement using a patient-specific bicompartmental device
and a patient-specific unicompartmental device; FIG. 2B and 2C are x-ray
images showing the device of FIG. 2A in the coronal plane and in the
sagittal plane, respectively; 



[00028] FIG. 3 illustrates a coronal plane of the knee with exemplary
resection cuts that can be used to correct lower limb alignment in a knee
replacement; [00029] FIG. 4 illustrates perimeters and areas of two bone
surface areas for two different bone resection cut depths; [00030] FIG. 5
is a distal view of the femur in which two different resection cuts are
applied; [0003 1] FIGS. 6A and 6B depict the posterior margin of an implant
component selected and/or designed using imaging data or shapes derived
from imaging data so that the implant component does not interfere with and
stays clear of the patient's PCL; [00032] FIGS. 7A and 7B show exemplary
unicompartmental medial and lateral tibial implant components used together
without (FIG. 7A) and with (FIG. 7B) a polyethylene layer or insert;
[00033] FIGS. 8A-C depict three different types of step cuts separating
medial and lateral resection cut facets on a patient's proximal tibia;
[00034] FIGS. 9A and 9B show exemplary flow charts for deriving a medial
tibial component slope (FIG. 9A) and/or a lateral tibial component slope
(FIG. 9B) for a tibial implant component;[00035] FIGS. 10A-O show exemplary
tibial implants designs that include a tibial tray with dual inserts; FIGS.
lOP-AD show exemplary tibial implants designs that include a tibial tray
with a single inserts, with a range of insert surface shapes; [00036] FIGS.
11A-C depict exemplary medial and lateral gliding paths for tibial implant
components and related single and dual piece insert surfaces; [00037] FIG.
12 depicts an embodiments of a tibial implant component that is ligament
retaining; [00038] FIG. 13A and 13B depict embodiments of a tibial implant
component that are ligament retaining; [00039] FIG. 14A and 14B depict
embodiments of a tibial implant component impinge (FIG. 14A) and that do
not impinge (FIG. 14B) ligaments; [00040] FIG. 15A-C depict steps in a
process for designing a PCL-retaining tibial insert; [00041] FIG. 16A-C
depict three perspectives of an exemplary tibial implant component that
includes a stabilizing fin (e.g., a PCL-sacrifcing patient-specific tibial
implant component); [00042] FIGS. 17A and 17B depict exemplary
cross-sections of tibial implant components having a post (or keel or
projection) projecting from the surface of the implant component; [00043]
FIG. 18 shows proximal tibial resection cut depths of 2 mm, 3 mm and 4 mm;
[00044] FIG. 19 shows exemplary small, medium and large blank tibial trays;
[00045] FIGS. 20A-C depict three exemplary combinations of a tibial tray
and tibial tray insert manufactured and/or machined to include matching
perimeters; [00046] FIG. 21A-C depict exemplary A-P and peg angles for
tibial trays; [00047] FIG. 22A shows six exemplary tool tips for making a
polymer (e.g., polyethylene) insert for a tibial implant component; FIG.
22B shows a sagittal view of two exemplary tools sweeping from different
distances into the polyethylene insert;[00048] FIG. 23A shows an embodiment
in which the shape of the concave groove on the medial side of the
joint-facing surface of the tibial insert is matched by a convex shape on
the opposing surface of the insert and by a concavity on the engaging
surface of the tibial tray; FIG. 23B illustrates two exemplary concavity
dimensions for the bearing surface of a tibial implant component; [00049]
FIGS. 24A and B illustrates two embodiments of tibial implant components
having sloped sagittal J-curves; [00050] FIG. 25 is a flow chart for
adapting a blank implant component for a particular patient; [0005 1] FIG.
26 illustrates various tibial cuts and corresponding surface features;
[00052] FIG. 27 depicts a resected proximal tibial surface perimeter and a
smoothed perimeter line for designing a tibial implant perimeter; [00053]
FIGS. 28 to 33 illustrate an exemplary design of a knee implant, including
a femoral component and a patella component; [00054] FIG. 34A illustrates a
tibial proximal resection cut that can be selected and/or designed to be a
certain distance below a particular location on the patient's tibial
plateau; FIG. 34B illustrates anatomic sketches (e.g., using a CAD program
to manipulate a model of 



the patient's biological structure) overlaid with the patient's tibial
plateau; FIG. 34C illustrates sketched overlays used to identify the
centers of tubercles and the centers of one or both of the lateral and
medial plateaus; [00055] FIGS. 35A to 35C illustrate one or more axes that
can be derived from anatomic sketches; [00056] FIG. 36A depicts a proximal
tibial resection made at 2 mm below the lowest point of the patient's
medial tibial plateau with a an A-P slope cut that matched the A-P slope;
FIGS. 36B and 36C illustrate an implant selected and/or designed to have
90% coverage of the patient's cut tibial surface; [00057] FIGS. 37A to 47C
describe exemplary steps for performing resection cuts to the tibia using
the anatomical references identified above;[00058] FIGS. 48A to 48E
illustrate various aspects of an embodiment of a tibial implant component,
including a view of the tibial tray bottom (FIG. 48A), a view of the tibial
tray top (FIG. 48B), a view of the tibial insert bottom (FIG. 48C), a
top-front (i.e., proximalanterior) perspective view of the tibial tray
(FIG. 48D), and a bottom front (i.e., distal anterior) perspective view of
the tibial insert (FIG. 48E); [00059] FIGS. 49A-C show aspects of an
embodiment of a tibial implant component that includes a tibial tray and a
one-piece insert; [00060] FIGS. 50A-C show aspects of an embodiment of a
tibial implant component that includes a tibial tray and a one-piece
insert; [00061] FIGS. 51A-C show exemplary steps for altering a blank
tibial tray and a blank tibial insert to each include a patient-adapted
profile, for example, to substantially match the profile of the patient's
resected tibial surface; [00062] FIGS. 52A-C show exemplary strategies for
establishing proper tibial rotation for a patient; [00063] FIG. 53
illustrates exemplary stem design options for a tibial tray; [00064] FIGS.
54A and B show an approach in certain embodiments for identifying a tibial
implant perimeter profile based on the depth and angle of the proximal
tibial resection, which can applied in the selection and/or design of the
tibial tray perimeter profile and/or the tibial insert perimeter profile;
[00065] FIGS. 55A and B show the same approach as described for FIGS. 54A
and B, but applied to a different patient having a smaller tibia (e.g.,
smaller diameter and perimeter length); [00066] FIGS. 56A-D show four
different exemplary tibial implant profiles, for example, having different
medial and lateral condyle perimeter shapes; [00067] FIGS. 57A and B
illustrate a first femur jig used to establish peg holes and pin placements
for a subsequent jig used for a distal cut; [00068] FIGS. 58A and B
illustrate a distal femoral resection cut performed with a second femur
jig;[00069] FIGS. 59A illustrates an anterior cut, posterior cut, and
chamfer cut performed with a third femur jig; FIG. 59B illustrate an
additional femoral jig for making additional resection cuts; [00070] FIGS.
6OA and 6OB illustrate and exemplary tibial jig; [00071] FIG. 61
illustrates and exemplary balancing chip; [00072] FIGS. 62A and B
illustrate an exemplary balancing chip attached to a tibial jig; [00073]
FIG. 63 illustrates a first jig used to establish placement and alignment
of femoral implant peg holes; [00074] FIG. 64 illustrates a second jig used
to establish placement pins for the distal cut jig; [00075] FIG. 65
illustrates a distal cut jig positioned based on the placement established
by the previous jig; and [00076] FIG. 66 illustrates remaining resection
cuts performed with a chamfer cut jig. [00077] Additional figure
descriptions are included in the text below. Unless otherwise denoted in
the description for each figure, "M" and "L" in certain figures indicate
medial and lateral sides of the view; "A" and "P" in certain figures
indicate anterior and posterior sides of the view, and "S" and "I" in
certain figures indicate superior and inferior sides of the view. DETAILED
DESCRIPTION Introduction [00078] When a surgeon uses a traditional
off-the-shelf implant to replace a patient's joint, for example, a knee
joint, hip joint, or shoulder joint, certain features of the implant 



typically do not match the particular patient's biological features. These
mismatches can cause various complications during and after surgery. For
example, surgeons may need to extend the surgery time and apply estimates
and rules of thumb during surgery to address the mismatches. For the
patient, complications associated with these mismatches can include pain,
discomfort, soft tissue impingement, and an unnatural feeling of the joint
during motion, e.g., so-called mid-flexion instability, as well as an
altered range of movement and anincreased likelihood of implant failure. In
order to fit a traditional implant component to a patient's articular bone,
surgeons typically remove substantially more of the patient's bone than is
necessary to merely clear diseased bone from the site. This removal of
substantial portions of the patient's bone frequently diminishes the
patient's bone stock to the point that only one subsequent revision implant
is possible. [0001] Certain embodiments of the implants, guide tools, and
related methods of designing (e.g., designing and making), and using the
implants and guide tools described herein can be applied to any joint
including, without limitation, a spine, spinal articulations, an
intervertebral disk, a facet joint, a shoulder, an elbow, a wrist, a hand,
a finger, a hip, a knee, an ankle, a foot, or a toe joint. Furthermore,
various embodiments described herein can apply to methods and procedures,
and the design of methods and procedures, for resectioning the patient's
anatomy in order to implant the implant components described herein and/or
to using the guide tools described herein. [0002] In certain embodiments,
implant components and/or related methods described herein can include a
combination of patient-specific and patient-engineered features. For
example, patient-specific data collected preoperatively can be used to
engineer one or more optimized surgical cuts to the patient's bone and to
design or select a corresponding implant component having or more
bone-facing surfaces or facets (i.e., "bone cuts") that specifically match
one or more of the patient's resected bone surfaces. The surgical cuts to
the patient's bone can be optimized (i.e., patient-engineered) to enhance
one or more parameters, such as: (1) deformity correction and limb
alignment (2) maximizing preservation of bone, cartilage, or ligaments, or
(3) restoration and/or optimization of joint kinematics or biomechanics.
Based on the optimized surgical cuts and, optionally, on other desired
features of the implant component, the implant component's bone-facing
surface can be designed or selected to, at least in part, negatively-match
the shape of the patient's resected bone surface. Improved implants, guide
tools and related methods [00079] Certain embodiments are directed to
implants, guide tools, and/or related methods that can be used to provide
to a patient a pre-primary procedure and/or a pre-primary implant such that
a subsequent, replacement implant can be performed with a second (and,
optionally, a third, and optionally, a fourth) patient-adapted pre-primary
implant or with atraditional primary implant. In certain embodiments, the
pre-primary implant procedure can include 3, 4, 5, 6, 7, or more resection
or surgical cuts to the patient's bone and the preprimary implant can
include on its corresponding bone-facing surface a matching number and
orientation of bone-cut facets or surfaces. [00080] In one illustrative
embodiment, a first pre-primary joint-replacement procedure includes a
patient-adapted implant component, guide tool, and/or related method. The
patientadapted implant component, guide tool, and/or related method can be
preoperatively selected and/or designed from patient-specific data, such as
one or more images of the patient's joint, to include one or more features
that are patient-specific or patient-engineered. The features (e.g.,
dimensions, shape, surface contours) of the first pre-primary implant and,
optionally, patient-specific data (e.g., features of the patient's resected
bone surfaces and features of the patient's contralateral joint) can be
stored in a database. When the first pre-primary implant fails, for
example, due to bone loss or osteolysis or aseptic loosening at a later
point in time (e.g., 15 years after the original implantation) a second
implant can be implanted. For the second implant procedure, the amount of
diseased bone can be assessed. If the amount of diseased bone to be
resected is minimal, the patient-specific data can be used to select and/or
design a second pre-primary procedure and/or a pre-primary implant. If the
amount of diseased bone to be resected is substantial, a traditional
primary procedure and a traditional implant can be employed. [00081]
Alternatively, certain embodiments are directed to implants, guide tools,
and/or related methods that can be used to provide to a patient a primary
procedure and/or a primary implant such that a subsequent replacement
implant can be used as part of a traditional revision procedure. Certain
embodiments are directed to implants, guide tools, and/or related methods
that can be used to provide a patient-adapted revision implant. For
example, following a traditional implant, a subsequent revision can include
a patient-adapted procedure 



and/or a patient-adapted implant component as described herein. [00082]
FIG. 1 is a flow chart illustrating a process that includes selecting
and/or designing a first patient-adapted implant, for example, a
pre-primary implant. First, using the techniques described herein or those
suitable and known in the art, measurements of the target joint are
obtained 210. This step can be repeated multiple times, as desired.
Optionally, avirtual model of the joint can be generated, for example, to
determine proper joint alignment and the corresponding resection cuts and
implant component features based on the determined proper alignment. This
information can be collected and stored 212 in a database 213. Once
measurements of the target joint are obtained and analyzed to determine
resection cuts and patient-adapted implant features, the patient-adapted
implant components can be selected 214 (e.g., selected from a virtual
library and optionally manufactured without further design alteration 215,
or selected from a physical library of implant components). Alternatively,
or in addition, one or more implant components with best-fitting and/or
optimized features can be selected 214 (e.g., from a library) and then
further designed (e.g., designed and manufactured) 216. Alternatively or in
addition, one or more implant components with bestfitting and/or optimized
features can be designed (e.g., designed and manufactured) 218, 216 without
an initial selection from a library. Using a virtual model to assess the
selected or designed implant component(s), this process also can be
repeated as desired (e.g., before one or more physical components are
selected and/or generated). The information regarding the selected and/or
designed implant component(s) can be collected and stored 220, 222 in a
database 213. Once a desired first patient-adapted implant component or set
of implant components is obtained, a surgeon can prepare the implantation
site and install the first implant 224. The information regarding
preparation of the implantation site and implant installation can be
collected and stored 226 in a database 213. In this way, the information
associated with the first pre-primary implant component is available for
use by a surgeon for subsequent implantation of a second pre-primary or a
primary implant. [00083] Exemplary patient-adapted (i.e., patient-specific
and/or patient-engineered) features of the implant components described
herein are identified in Table 1. One or more of these implant component
features can be selected and/or designed based on patient-specific data,
such as image data. Table 1: Exemplary implant features that can be
patient-adapted based on patientspecific measurementsCategory Exemplary
feature component) One or more portions of, or all of, an internal or
external implant angle Portions or all of one or more of the ML, AP, SI
dimension of the internal and external component and component features An
outer locking mechanism dimension between a plastic or non-metallic insert
and a metal backing component in one or more dimensions Component height
Component profile Component 2D or 3D shape Component volume Composite
implant height Insert width Insert shape Insert length Insert height Insert
profile Insert curvature Insert angle Distance between two curvatures or
concavities Polyethylene or plastic width Polyethylene or plastic shape
Polyethylene or plastic length Polyethylene or plastic height Polyethylene
or plastic profile Polyethylene or plastic curvature Polyethylene or
plastic angle 



Component stem width Component stem shape Component stem length Component
stem height Component stem profile Component stem curvature Component stem
position Component stem thickness Component stem angle Component peg width
Component peg shape Component peg length Component peg height Component peg
profile Component peg curvature[00084] The term "implant component" as used
herein can include: (i) one of two or more devices that work together in an
implant or implant system, or (ii) a complete implant or implant system,
for example, in embodiments in which an implant is a single, unitary
device. The term "match" as used herein is envisioned to include one or
both of a negative-match, as a convex surface fits a concave surface, and a
positive-match, as one surface is identical to another surface. [00085]
Traditional implants and implant components can have surfaces and
dimensions that are a poor match to a particular patient's biological
feature(s). The patientadapted implants, guide tools, and related methods
described herein improve upon these deficiencies. The following two
subsections describe two particular improvements, with respect to the
bone-facing surface and the joint-facing surface of an implant component;
however, the principles described herein are applicable to any aspect of an
implant component. Bone-facing surface of an implant component [00086] In
certain embodiments, the bone-facing surface of an implant can be designed
to substantially negatively-match one more bone surfaces. For example, in
certain embodiments at least a portion of the bone-facing surface of a
patient-adapted implant component can be designed to substantially
negatively-match the shape of subchondral bone,cortical bone, endosteal
bone, and/or bone marrow. A portion of the implant also can be designed for
resurfacing, for example, by negatively-matching portions of a bone-facing
surface of the implant component to the subchondral bone or cartilage.
Accordingly, in certain embodiments, the bone-facing surface of an implant
component can include one or more portions designed to engage resurfaced
bone, for example, by having a surface that negatively-matches uncut
subchondral bone or cartilage, and one or more portions designed to engage
cut bone, for example, by having a surface that negatively-matches a cut
subchondral bone. [00087] In certain embodiments, the bone-facing surface
of an implant component includes multiple surfaces, also referred to herein
as bone cuts. One or more of the bone cuts on the bone-facing surface of
the implant component can be selected and/or designed to substantially
negatively-match one or more surfaces of the patient's joint, including one
or more of a resected surface, a resurfaced surface, and an unaltered
surface, including one or more of bone, cartilage, and other biological
surfaces. For example, in certain embodiments, one or more of the bone cuts
on the bone-facing surface of the implant component can be designed to
substantially negatively-match (e.g., the number, depth, and/or angles of
cut) one or more resected surfaces of the patient's bone. The bone-facing
surface of the implant component can include any number of bone cuts, for
example, two, three, four, less than five, five, more than five, six,
seven, eight, nine or more bone cuts. In certain embodiments, the bone cuts
of the implant component and/or the resection cuts to the patient's bone
can include one or more facets on corresponding portions (e.g., medial and
lateral portions) of an implant component. For example, the facets can be
separated by a space or by a step cut connecting two corresponding facets
that reside on parallel or non-parallel planes. These bone-facing surface
features can be applied to various joint implants, including knee, hip,
spine, and shoulder joint implants. [00088] Any one or more bone cuts can
include one or more facets. In some embodiments, medial and lateral facets
of a bone cut can coplanar and contiguous, for example, as exemplified by
coplanar and contiguous medial and lateral sections and/or 



anterior and posterior sections of a surface of a tibial implant component.
Alternatively or in addition, facets can be separated by a space between
corresponding regions of an implant component. Alternatively or in
addition, facets of a bone cut can be separated by a transitionsuch as a
step cut, for example, a vertical or angled cut connecting two non-coplanar
or non facets of a bone cut. In certain embodiments, one or more bone cut
facets, bone cuts, and/or the entire bone-facing surface of an implant can
be non-planar, for example, substantially curvilinear. [00089] In certain
embodiments, corresponding sections of an implant component can include
different thicknesses (e.g., distance between the component's bone-facing
surface and joint-facing surface), surface features, bone cut features,
section volumes, and/or other features. For example, corresponding lateral
and medial or sections of a tibial implant component surface can include
different thicknesses, section volumes, bone cut angles, and bone cut
surface areas. One or more of the thicknesses, section volumes, bone cut
angles, bone cut surface areas, bone cut curvatures, numbers of bone cuts,
peg placements, peg angles, and other features may vary between two or more
sections (e.g., corresponding sections on lateral and medial condyles) of
an implant component. Alternatively or in addition, one, more, or all of
these features can be the same in corresponding sections of an implant
component. An implant design that allows for independent features on
different sections of an implant allows various options for achieving one
or more goals, including, for example, (1) deformity correction and limb
alignment (2) preserving bone, cartilage, and/or ligaments, (3) preserving
and/or optimizing other features of the patient's anatomy, such as trochlea
and trochlear shape, (4) restoring and/or optimizing joint kinematics or
biomechanics, and/or (5) restoring and/or optimizing joint- line location
and/or joint gap width. [00090] Alternatively or in addition, corresponding
sections of an implant component can be designed to include the same
features, for example, the same thickness or at least a threshold
thickness. For example, when the corresponding implant sections are exposed
to similar stress forces, similar minimum thicknesses can be used in
response to those stresses. Alternatively or in addition, an implant design
can include a rule, such that a quantifiable feature of one section is
greater than, greater than or equal to, less than, or less than or equal to
the same feature of another section of the implant component. For example,
in certain embodiments, an implant design can include a lateral portion
that is thicker than or equal in thickness to the corresponding medial
portion. Similarly, in certain embodiments, an implant design can include a
lateral height that is higher than or equal to the corresponding medial
height.[00091] In certain embodiments, one or more of an implant
component's bone cut or bone cut facet features (e.g., thickness, section
volume, cut angle, surface area, and/or other features) can be
patient-adapted. For example, as described more fully below,
patient-specific data, such as imaging data of a patient's joint, can be
used to select and/or design an implant component (and, optionally, a
corresponding surgical procedure and/or surgical tool) that matches a
patient's anatomy and/or optimizes a parameter of that patient's anatomy.
Alternatively or in addition, one or more aspects of an implant component,
for example, one or more bone cuts, can be selected and/or designed to
match predetermined resection cuts. Predetermined as used herein includes,
for example, preoperatively determined (e.g., preoperatively selected
and/or designed). For example, predetermined resection cuts can include
resection cuts determined preoperatively, optionally in conjunction with a
selection and/or design of one or more implant component features and/or
one or more guide tool features. Similarly, a surgical guide tool can be
selected and/or designed to guide the predetermined resection cuts.
Joint-facing surface of an implant component [00092] In various embodiments
described herein, the outer, joint-facing surface of an implant component
includes one or more patient-adapted (e.g., patient-specific and/or
patientengineered features). For example, in certain embodiments, the
joint-facing surface of an implant component can be designed to match the
shape of the patient's biological structure. The joint-facing surface can
include, for example, the bearing surface portion of the implant component
that engages an opposing biological structure or implant component in the
joint to facilitate typical movement of the joint. The patient's biological
structure can include, for example, cartilage, bone, and/or one or more
other biological structures. [00093] For example, in certain embodiments,
the joint-facing surface of an implant component is designed to match the
shape of the patient's articular cartilage. For example, the joint-facing
surface can substantially positively-match one or more features of the
patient's existing cartilage surface and/or healthy cartilage surface
and/or a calculated 



cartilage surface, on the articular surface that the component replaces.
Alternatively, it can substantially negatively-match one or more features
of the patient's existing cartilage surface and/or healthy cartilage
surface and/or a calculated cartilage surface, on the opposing
articularsurface in the joint. As described below, corrections can be
performed to the shape of diseased cartilage by designing surgical steps
(and, optionally, patient-adapted surgical tools) to re-establish a normal
or near normal cartilage shape that can then be incorporated into the shape
of the joint-facing surface of the component. These corrections can be
implemented and, optionally, tested in virtual two-dimensional and
three-dimensional models. The corrections and testing can include kinematic
analysis and/or surgical steps. [00094] In certain embodiments, the joint-
facing surface of an implant component can be designed to positively-match
the shape of subchondral bone. For example, the joint-facing surface of an
implant component can substantially positively-match one or more features
of the patient's existing subchondral bone surface and/or healthy
subchondral bone surface and/or a calculated subchondral bone surface, on
the articular surface that the component attaches to on its bone-facing
surface. Alternatively, it can substantially negatively-match one or more
features of the patient's existing subchondral bone surface and/or healthy
subchondral bone surface and/or a calculated subchondral bone surface, on
the opposing articular surface in the joint. Corrections can be performed
to the shape of subchondral bone to re-establish a normal or near normal
articular shape that can be incorporated into the shape of the component's
joint-facing surface. A standard thickness can be added to the joint-facing
surface, for example, to reflect an average cartilage thickness.
Alternatively, a variable thickness can be applied to the component. The
variable thickness can be selected to reflect a patient's actual or healthy
cartilage thickness, for example, as measured in the individual patient or
selected from a standard reference database. [00095] In certain
embodiments, the joint- facing surface of an implant component can include
one or more standard features. The standard shape of the joint-facing
surface of the component can reflect, at least in part, the shape of
typical healthy subchondral bone or cartilage. For example, the
joint-facing surface of an implant component can include a curvature having
standard radii or curvature of in one or more directions. Alternatively or
in addition, an implant component can have a standard thickness or a
standard minimum thickness in select areas. Standard thickness(es) can be
added to one or more sections of the joint-facing surface of the component
or, alternatively, a variable thickness can be applied to the implant
component.[00096] Certain embodiments can include, in addition to a first
implant component, a second implant component having an opposing
joint-facing surface. The second implant component's bone-facing surface
and/or joint-facing surface can be designed as described above. Moreover,
in certain embodiments, the joint-facing surface of the second component
can be designed, at least in part, to match (e.g., substantially
negatively-match) the jointfacing surface of the first component. Designing
the joint- facing surface of the second component to complement the
joint-facing surface of the first component can help reduce implant wear
and optimize kinematics. Thus, in certain embodiments, the joint-facing
surfaces of the first and second implant components can include features
that do not match the patient's existing anatomy, but instead
negatively-match or nearly negatively-match the jointfacing surface of the
opposing implant component. [00097] However, when a first implant
component's joint-facing surface includes a feature adapted to a patient's
biological feature, a second implant component having a feature designed to
match that feature of the first implant component also is adapted to the
patient's same biological feature. By way of illustration, when a
joint-facing surface of a first component is adapted to a portion of the
patient's cartilage shape, the opposing joint-facing surface of the second
component designed to match that feature of the first implant component
also is adapted to the patient's cartilage shape. When the joint-facing
surface of the first component is adapted to a portion of a patient's
subchondral bone shape, the opposing joint- facing surface of the second
component designed to match that feature of the first implant component
also is adapted to the patient's subchondral bone shape. When the
joint-facing surface of the first component is adapted to a portion of a
patient's cortical bone, the joint- facing surface of the second component
designed to match that feature of the first implant component also is
adapted to the patient's cortical bone shape. When the joint-facing surface
of the first component is adapted to a portion of a patient's endosteal
bone shape, the opposing joint- facing surface of the second component
designed to match that feature of the first implant component also is
adapted to the patient's endosteal bone shape. When the jointfacing surface
of the first component is adapted to a portion of a patient's bone marrow
shape, 



the opposing joint-facing surface of the second component designed to match
that feature of the first implant component also is adapted to the
patient's bone marrow shape.[00098] The opposing joint-facing surface of a
second component can substantially negatively-match the joint-facing
surface of the first component in one plane or dimension, in two planes or
dimensions, in three planes or dimensions, or in several planes or
dimensions. For example, the opposing joint- facing surface of the second
component can substantially negatively-match the joint-facing surface of
the first component in the coronal plane only, in the sagittal plane only,
or in both the coronal and sagittal planes. [00099] In creating a
substantially negatively-matching contour on an opposing jointfacing
surface of a second component, geometric considerations can improve wear
between the first and second components. For example, the radii of a
concave curvature on the opposing joint- facing surface of the second
component (e.g., a tibial implant component) can be selected to match or to
be slightly larger in one or more dimensions than the radii of a convex
curvature on the joint-facing surface of the first component (e.g., a
femoral implant component). Similarly, the radii of a convex curvature on
the opposing joint-facing surface of the second component can be selected
to match or to be slightly smaller in one or more dimensions than the radii
of a concave curvature on the joint-facing surface of the first component.
In this way, contact surface area can be maximized between articulating
convex and concave curvatures on the respective surfaces of first and
second implant components. [000100] The bone-facing surface of the second
component can be designed to negatively-match, at least in part, the shape
of articular cartilage, subchondral bone, cortical bone, endosteal bone or
bone marrow (e.g., surface contour, angle, or perimeter shape of a resected
or native biological structure). It can have any of the features described
above for the bone-facing surface of the first component, such as having
one or more patient-adapted bone cuts to match one or more predetermined
resection cuts. [000101] Many combinations of first component and second
component bone-facing surfaces and joint-facing surfaces are possible.
Table 2 provides illustrative combinations that may be employed.Table 2:
Illustrative Combinations of Implant Components[000102] The implants and
implant systems described herein include any number of patient-adapted
implant components and any number of non-patient-adapted implant
components. An illustrative implant or implant system is depicted in FIGS.
2A - 2C.Specifically, FIG. 2A shows a photograph of a patient-adapted knee
replacement implant system that includes a patient-specific bicompartmental
implant component 700 and patientspecific unicompartmental implant
component 710. Both components are patient-specific on both their
bone-facing surfaces and on their joint-facing surfaces. FIGS. 2B and 2C
show xray images showing the implant of FIG. 2A in the coronal plane (FIG.
2B) and the sagittal plane (FIG. 2C). [000103] Embodiments described herein
can be applied to partial or total joint replacement systems. Bone cuts or
changes to an implant component dimension described herein can be applied
to a portion of the dimension, or to the entire dimension. Collecting and
modeling patient-specific data [000104] As mentioned above, certain
embodiments include implant components designed and made using
patient-specific data that is collected preoperative Iy. The
patientspecific data can include points, surfaces, and/or landmarks,
collectively referred to herein as "reference points." In certain
embodiments, the reference points can be selected and used to derive a
varied or altered surface, such as, without limitation, an ideal surface or
structure. For example, the reference points can be used to create a model
of the patient's relevant biological feature(s) and/or one or more
patient-adapted surgical steps, tools, and implant components. For example
the reference points can be used to design a patient-adapted implant
component having at least one patient-specific or patient-engineered
feature, such as a surface, dimension, or other feature. [000105] Sets of
reference points can be grouped to form reference structures used to create
a model of a joint and/or an implant design. Designed implant surfaces can
be derived from single reference points, triangles, polygons, or more
complex surfaces, such as parametric or subdivision surfaces, or models of
joint material, such as, for example, articular cartilage, subchondral
bone, cortical bone, endosteal bone or bone marrow. Various reference
points and reference structures can be selected and manipulated to derive a
varied or altered surface, such as, without limitation, an ideal surface or
structure. [000106] The reference points can be located on or in the joint
that receive the patientspecific implant. For example, the reference points
can include weight-bearing surfaces or locations in or on the joint, a
cortex in the joint, and/or an endosteal surface of the joint. Thereference
points also can include surfaces or locations outside of but related to the
joint. Specifically, reference points can include surfaces or locations
functionally related to the joint. 



For example, in embodiments directed to the knee joint, reference points
can include one or more locations ranging from the hip down to the ankle or
foot. The reference points also can include surfaces or locations
homologous to the joint receiving the implant. For example, in embodiments
directed to a knee, a hip, or a shoulder joint, reference points can
include one or more surfaces or locations from the contralateral knee, hip,
or shoulder joint. [000107] In certain embodiments, an imaging data
collected from the patient, for example, imaging data from one or more of
x-ray imaging, digital tomosynthesis, cone beam CT, non-spiral or spiral
CT, non-isotropic or isotropic MRI, SPECT, PET, ultrasound, laser imaging,
photo-acoustic imaging, is used to qualitatively and/or quantitatively
measure one or more of a patient's biological features, one or more of
normal cartilage, diseased cartilage, a cartilage defect, an area of
denuded cartilage, subchondral bone, cortical bone, endosteal bone, bone
marrow, a ligament, a ligament attachment or origin, menisci, labrum, a
joint capsule, articular structures, and/or voids or spaces between or
within any of these structures. The qualitatively and/or quantitatively
measured biological features can include, but are not limited to, one or
more of length, width, height, depth and/or thickness; curvature, for
example, curvature in two dimensions (e.g., curvature in or projected onto
a plane), curvature in three dimensions, and/or a radius or radii of
curvature; shape, for example, twodimensional shape or three-dimensional
shape; area, for example, surface area and/or surface contour; perimeter
shape; and/or volume of, for example, the patient's cartilage, bone
(subchondral bone, cortical bone, endosteal bone, and/or other bone),
ligament, and/or voids or spaces between them. [000108] In certain
embodiments, measurements of biological features can include any one or
more of the illustrative measurements identified in Table 3. Table 3 :
Exemplary patient-specific measurements of biological features that can be
used to create a model and/or to select and/or design a tibial implant
componentDESIGN OF MYOPIA CONTROL OPHTHALMIC LENSES BACKGROUND OF THE
INVENTION This invention relates to designs and methods for preventing,
stopping or slowing myopia progression. Myopia, also known as
short-sightedness, is a refractive condition wherein the overall power of
the eye is too high, or too strong, causing light from distant objects to
focus in front of the retina. This is perceived by the viewer as blurring
of distant objects, with the amount of blurring being related to the
severity of the myopia. This condition is often first seen in childhood,
and usually noticed at school age. A progression, or increase, in the
severity of myopia, is usually seen in myopic cases until young adulthood.
US Patent 6,045,578 proposes methods of using on-axis longitudinal
spherical aberration (LSA) in contact lens designs to attempt to halt
myopia progression. The design approach suggested does not appear to
address specific wavefront/refractive power characteristics of the
individual eye/or group average data or changes in pupil size associated
with close work. US Patent 7,025,460 proposes methods of altering field
curvature (off-axis focal point variation) to try to halt myopia
progression. The mathematics behind this approach uses "extended conies"
where the simple conic equations have even ordered polynomial terms added
to them. These conic and polynomial terms are processed so that the contact
lens surface shape of the proposed design produces the required amount of
field curvature. US 2003/0058404 and US 2008/0309882 proposes a method of
measuring the wavefront of the eye and correcting the wavefront of the eye
with a customized correction to slow myopia progression. Pupil size changes
associated with near tasks were not an aspect of the design process.EP
1853961 proposes the measurement of the wavefront before and after near
work. The changes in wavefront aberrations are then corrected with a custom
contact lens. Group or population data to create a design to control eye
growth are not included. "Orthokeratology Alters Aberrations of The Eye",
Optometry and Vision Science, May 2009. The article discusses higher order
aberrations of the eye associated with orthokeratology. A more complete
approach to slowing or stopping myopia progression is still desired. This
is addressed in this specification. SUMMARY OF THE INVENTION In one aspect
of the invention a method and resulting design to be used in the
fabrication of ophthalmic lenses useful in controlling and slowing the
progression of myopia incorporates the use of corneal topographic data from
the eye. Ophthalmic lenses include, for example, contact lenses,
intraocular lenses, corneal inlays, and corneal onlays. In another aspect
of the invention the method and resulting designs to be used in the
fabrication 



of ophthalmic lenses useful in controlling and slowing the progression of
myopia incorporates the use of wavefront data from the eye. In yet another
aspect of the invention, a design for an ophthalmic lens produced according
to the methods of the invention includes a convex surface with a central
optic zone surrounded by a peripheral zone which is further surrounded by
an edge zone, and a concave surface which rests on the wearer's eye; the
central optic zone containing an inner disc, and a plurality of annuli; and
a lens power at any location in the optical zone is described by
subtracting the optical power of the eye after orthokeratology treatment
from the optical power before orthokeratology treatment; the lenses made
using these designs are useful in controlling or slowing the progression of
myopia. In another aspect of the invention, a method to generate an
ophthalmic lens design includes the steps of acquiring corneal topographic
data before and after orthokeratology treatment,converting the corneal
topographic data to radial power maps, subtracting the post from the pre
treatment map and generating a lens power profile. In another aspect of the
invention, a method to generate an ophthalmic lens design includes the
steps of acquiring wavefront data before and after orthokeratology
treatment, converting the wavefront data to refractive power maps,
subtracting the post from the pre treatment map and generating a lens power
profile. In yet another aspect of the invention, data for the total
population is considered. In yet another aspect of the invention, data for
a sub-population is considered. In yet another aspect of the invention,
data for an individual subject is considered. In yet another aspect of the
invention, data is an averaged over multiple files. In yet another aspect
of the invention, the lens design power profile is calculated by averaging
all meridians to a rotationally symmetric form. In yet another aspect of
the invention, the lens design power profile is calculated by averaging
individual meridians to a non-rotationally symmetric form. In yet another
aspect of the invention, methods of designing lenses for slowing myopia
progression are encoded into instructions such as machine instructions and
are programmed into a computer. In yet another aspect of the invention,
articles include executable instructions for designing lenses for slowing
myopia progression; the method includes converting corneal topographic data
characterizing an eye to a radial power map, generating a lens power
profile and using the power profile to produce a lens design for a lens
with a convex surface with a central optic zone surrounded by a peripheral
zone which is further surrounded by an edge zone, and a concave surface
which rests on the wearer's eye; the central optic zone containing an inner
disc, and aplurality of annuli; the lens power at any location in the
optical zone is described by subtracting the optical power of the eye after
orthokeratology treatment from the optical power before orthokeratology
treatment. In yet another aspect of the invention, articles include
executable instructions for designing lenses for slowing myopia
progression; the method includes converting wavefront data characterizing
an eye to a refractive power map, generating a lens power profile and using
the power profile to produce a lens design for a lens with a convex surface
with a central optic zone surrounded by a peripheral zone which is further
surrounded by an edge zone, and a concave surface which rests on the
wearer's eye; the central optic zone containing an inner disc, and a
plurality of annuli; the lens power at any location in the optical zone is
described by subtracting the optical power of the eye after orthokeratology
treatment from the optical power before orthokeratology treatment. BRIEF
DESCRIPTION OF THE DRAWINGS FIG. 1 shows the averaged pre treatment corneal
topography maps of a group of 26 subjects prior to orthokeratology. FIG. 2
shows the averaged post treatment corneal topography maps of a group of 26
subjects subsequent to orthokeratology. FIG. 3 shows the difference between
the averaged post and pre treatment corneal topography maps of a group of
26 subjects having undergone orthokeratology treatment. FIG. 4 shows the
difference between the averaged post and pre treatment corneal topography
maps of a group of 26 subjects having undergone orthokeratology treatment,
truncated to a diameter of 6 mm. FIG.5 shows the power profile of a lens
design, according to the invention. FIG. 6 shows the envelope of design
profiles based upon scaling of the averages all of the meridians in the
example above, according to the invention. DETAILED DESCRIPTION 



Orthokeratology (sometimes called corneal refractive therapy) is the
practice of fitting rigid contact lenses to deliberately alter the shape of
the central cornea. By making the central cornea flatter in curvature, the
optical power of the cornea (and therefore total eye) decreases. This
hasthe effect of reducing the degree of myopia of the eye. Specially
designed rigid contact lenses are typically worn overnight (during sleep)
and removed in the morning. The pressure exerted by the rigid lens on the
cornea during sleep, temporarily flattens the central cornea. This
flattening leads to a reduction of myopia which gradually regresses (i.e.
the cornea returns to its normal shape) over the next 1 to 3 days. The
orthokeratology patient wears the rigid lens during sleep every 1 to 3
nights, depending upon the rate of regression and thereby maintains a
reduced level of myopia during the waking hours (without the need to wear
any form of contact lenses or spectacles). An unintended consequence of
orthokeratology has been the reduction of the rate of myopia progression in
patients using this form of myopia correction. Studies by Cho et al (LORIC
study) and Walline et al (CRAYON study) have both shown that patients
wearing orthokeratology lenses not only have a reduction in myopia, but a
reduction in the rate of myopia progression (i.e. eye growth). A likely
explanation for this reduction in the rate of myopia progression is the
optical changes induced in the cornea by orthokeratology. In effect,
orthokeratology changes the corneal optics so that the central refractive
power is more minus (less positive), while the peripheral corneal power is
more positive (less minus). In a preferred embodiment, the methods of the
invention involve using corneal topography data to design and produce
contact lenses useful for treating, slowing, and sometimes stopping the
progression of myopia. Corneal topography data is collected from a patient
using a videokeratoscope such as a Keratron or Keratron Scout (Optikon
2000; Rome, Italy). This topographic data is available in several formats.
The preferred format in the present invention is to depict the cornea as a
refractive power data. Figure 1 shows the average corneal refractive power
of 26 eyes prior to orthokeratology as measured by a videokeratoscope, and
Figure 2 shows a videokeratoscope image of the same 26 eyes after treatment
by orthokeratology. The change in corneal power is derived by subtracting
the refractive power of the cornea before and after orthokeratology. This
map of refractive power change shows the central shift of power in the
minus direction (i.e. blue colors) and the peripheral shift in powers in
the positive direction (i.e. red colors), and is shown in Figure 3. The
difference map is the basis for the design power profile reported herein,
and will control the rate of myopia progression.In one embodiment, these
maps are centered around the videokeratoscope axis (the axis at which the
videokeratoscope measures the corneal shape), however in a preferred
embodiment they could also be resampled and centered around the pupil of
the eye (i.e. the entrance pupil of the eye at the corneal plane). The
pupil center and videokeratoscope axis rarely coincide. In terms of optical
design, it is preferable to center the optical design along the axis of the
entrance pupil center. The next step in the process of deriving the soft
lens optical design is to reduce the twodimensional refractive power
difference map into an average power change of all of the meridians
averaged together, resulting in a symmetric average power map. Figure 4
illustrates this process for a two dimensional refractive power difference
map, limited to a diameter of 6 mm. In an alternate embodiment, the power
difference map is reduced to a two-dimensional refractive power difference
map by averaging the power change of each of the meridians, the individual
meridians being averaged separately, resulting in a non-rotationally
symmetric average power map. In a preferred embodiment, it is desirable to
extend the design power profile beyond the 6mm limitation out to 8 mm, and
to create a power profile which provides for a better clinical outcome and
helps to prevent providing excessive amounts of plus optical power to the
wearer. In a preferred embodiment, the plus optical power is first
decreased and then leveled off. In a preferred embodiment, a design for an
ophthalmic lens produced according to the methods of the invention includes
a convex surface with a central optic zone surrounded by a peripheral zone
which is further surrounded by an edge zone, and a concave surface which
rests on the wearer's eye; the central optic zone containing an inner disc,
and a plurality of annuli; and a lens power at any location in the optical
zone is described by subtracting the optical power of the eye after
orthokeratology treatment from the optical power before orthokeratology
treatment; the lenses made using these designs are useful in controlling or
slowing the progression of myopia.Figure 5 shows the power profile of a
preferred embodiment. In this preferred embodiment, the central optic zone
contains an inner disc, with the range of usable diameter between 0 and 2
mm, the preferred diameter about 1.5 mm; a first annulus with an outer
diameter between 6.0 to 7.0 mm, the preferred diameter about 6.5 mm; a
second annulus surrounding the first annulus with 



an outer diameter between 7.25 and 7.75 mm, the preferred diameter about
7.5 mm; and a third annulus surrounding the second annulus, with a diameter
between 7.5 and 8.5 mm, the preferred diameter being 8 mm. The optical
power shown in Figure 5 is based upon the reduction of data for a
population mean. The powers shown would be added to the initial distance
prescription of the wearer. The optical power in the central disc of the
optic zone is substantially constant; the optical power in the first
annulus, at a diameter of 4 mm increases in plus power to a range of +0.5
to +1.5 diopters, with a preferred value of about +1.0 diopter, at a
diameter of 6.5 mm has increased in plus value to a range of +1.5 to +5.5
D, with a preferred value of about +3.4 D; the optical power in the second
annulus decreasing smoothly from the power found at the edge of the first
annulus to a power between about + 1.5 and +4.5 D, with a preferred value
of about +3.0 D; the optical power of the third annulus being substantially
constant at about the power found at the edge of the second annulus.
Distance refractive prescription powers that are substantially different
than -3.00 D may require scaling of the power profile. Figure 6 shows a
preferred embodiment of a scaled envelope of resultant refractive power
curves that can be calculated and applied to a lens design from the
averaged data shown above. It is thus advantageous with this inventive
design to create a family of design power profiles. These are created by
proportionally multiplying a scaling factor for each point in the aperture;
the range of the scaling factor between 0.25 and 4, 0.5 to 1.5 being the
preferred range. The preferred process steps for generating a lens design
power profile by this method are as follows: 1) Acquire and average corneal
topography refractive power data maps for eyes pre orthokeratology
treatment,2) Acquire and average corneal refractive power data maps for
eyes post orthokeratology treatment, 3) Subtract the pre treatment from the
post treatment maps, 4) Average all of the meridians together to generate a
rotationally symmetric power map. 5) Alternately average the individual
meridians together to generate a non-rotationally symmetric power map. 6)
Trim the maps to a convenient uniform diameter, 7) Optionally extend the
profile out to a larger diameter by decreasing the plus optical power and
then fiat leveling the power. 8) Optionally generate an envelope of average
resultant power profiles by proportional scaling. In an alternate
embodiment, the methods of the invention involve using wavefront data to
design and produce contact lenses useful for treating, slowing, and
sometimes stopping the progression of myopia. Ocular wavefront data is
collected from a patient using a wavefront sensor such as a COAS (Wavefront
Sciences Inc, Albuquerque N.M.). This wavefront data is generally in the
form of Zernike polynomial coefficients but can also be a set of wavefront
heights at specified Cartesian or polar coordinates. A preferred system to
designate the Zernike coefficients has been described as the OSA method, in
ANSI Z80.28. The preferred process steps for generating a lens design power
profile by this method are as follows: 1) Acquire and average ocular
wavefront data maps for eyes prior to orthokeratology treatment. Each
wavefront is converted to a refractive power map by calculating the powers
based upon the radial slopes in the direction of the z axis, defined as the
front to back axis, e.g. along the visual axis through the pupil center. 2)
Acquire and average ocular wavefront data maps for eyes post
orthokeratology treatment. Each wavefront is converted to a refractive
power map by estimating the radial slopes in the direction of the z axis,
defined as the front to back axis, e.g. along the visual axis through the
pupil center. 3) Subtract the pre treatment from the post treatment maps.
4) Average all of the meridians together to generate a rotationally
symmetric power map.5) Alternately average the individual meridians
together to generate a non-rotationally symmetric power map. 6) Trim the
maps to a convenient diameter 7) Optionally extend the profile out to a
larger diameter by decreasing the optical power and then flat leveling the
power. 8) Optionally generate an envelope of average resultant power
profiles by proportional scaling. 



In this method, a refractive power map is calculated from the set of
estimated wavefront Zernike coefficients using the refractive Zernike power
polynomials, Y (/?,<9) , as follows (see Iskander et al, 2007, attached)
103 F(r, q) =  c/ (r/r max , ) (1) ax 7=3 where c} are the wavefront
Zernike polynomial coefficients, rmax corresponds to the pupil radius, with
_ CH (-i g (n -s)l(n -2s) 2s 2 L P) - h s\((n+ \m\)l2-s).((n-\ m\)l2-s) P
and ise Other methods are known by those skilled in the art to generate or
calculate refractive power values from wavefront data. Ocular pupil sizes
are also estimated either directly from the wavefront measurement or by an
independent pupil measurement (e.g. using a pupillometer). If the pupil is
measured independently of the wavefront, it should be measured under
similar lighting conditions.The method can be used to design lenses for
individuals on a custom lens basis or averaged for populations, or
sub-populations. This method can be used to produce a rotationally
symmetric design where all optic zone meridians are the same, or a
non-rotationally symmetric design where each meridian is unique and the
result of the analysis of comparing topography or wavefront before and
after orthokeratology. The ophthalmic lens made according to the invention
has the following parts and characteristics: a) a convex surface with a
central optic zone surrounded by a peripheral zone which is further
surrounded by an edge zone, and a concave surface which rests on the
patient's eye; b) the lens power at any location in the optical zone is
described by subtracting the optical power of the eye after orthokeratology
treatment from the optical power before orthokeratology treatment. In
another preferred embodiment, the ophthalmic lens made according to the
invention has the following parts and characteristics: a) A central optic
zone, the central optic zone contains an inner disc, with the range of
usable diameter between 0 and 2 mm, the preferred diameter about 1.5 mm; b)
a first annulus with an outer diameter between 6.0 to 7.0 mm, the preferred
diameter about 6.5 mm; c) a second annulus surrounding the first annulus
with an outer diameter between 7.25 and 7.75 mm, the preferred diameter
about 7.5 mm; d) a third annulus surrounding the second annulus, with a
diameter between 7.5 and 8.5 mm, the preferred diameter being about 8.0 mm.
In another preferred aspect of the present invention, the ophthalmic lens
made according to the invention has the following parts and
characteristics: a) The optical power in the central disc of the optic zone
is substantially constant; b) the optical power in the first annulus at
about a diameter of 4 mm increases in plus power to a range of +0.5 to +1.5
D, with a preferred value of about +1.0 D, at a diameter of 6.5mm increases
in plus power to a range +1.5 to +5.5 D, with a preferred value of about
+3.4D; c) the optical power in the second annulus decreasing smoothly from
the power found at the edge of the first annulus to a power between + 1.5
and +4.5 D, with a preferred value of about +3.0 D; d) the optical power of
the third annulus being substantially constant at about the power found at
the edge of the second annulus. In another preferred aspect of the present
invention, the ophthalmic lens made according to the invention has the
following parts and characteristics: a) The optical power in the central
disc of the optic zone is substantially constant; b) the optical power in
the first annulus increases in plus power by a suitable polynomial equation
of 4th order or higher; in a preferred aspect, the power change in the
first annulus is governed by the equation: Power = 0.486x6 -5.8447x5 +
27.568x4 - 65.028x3 +81.52x2 -51.447x +12.773 where x is the radial
distance from the center of the lens. c) the optical power in the second
annulus decreasing from the power found at the edge of 



the first annulus to a power between +1.5 and +4.5 D, with a preferred
value of about +3.0 D; d) the optical power of the third annulus being
substantially constant at about the power found at the edge of the second
annulus. It is recognized by those skilled in the art that the power in the
central optical zone of the lens is a result of the powers of the back
surface and front surface working together. The variations in power
described by the method and design of the present invention may be applied
to the front surface, back surface, or any combination thereof. In a
preferred embodiment, the power variations described by the method and
design of the present invention are applied to the front surface. Power
Profile Driven Ophthalmic Lens Design Methods:Different data sources can be
used to derive a contact lens design for myopia control. Examples include:
A customized design based on the individual subjects data, or A group
design based on a particular sub-population of data (e.g. young Asian
children aged 10- 16 years of age), or A general population design based on
all available data (e.g. all myopes). Additionally, both rotationally
symmetric designs or non-rotationally symmetric designs are obtainable
using the method of the invention. When data is averaged across all
considered semimeridians or it can be used to create rotationally
symmetrical designs, or if the data is retained in its semi-meridional form
it can be used to create non-rotationally symmetric designs.
Nonrotationally symmetric correction forms include, but are not limited to
toric, sphero-cylindrical, sphero-cylindrical with higher order aberration
correction. Toric includes the correction of both regular and irregular
astigmatism. The following is an exemplary design method pursuant to the
present invention, obtained using averaged data from all of the considered
semi-meridians. This approach will result in a rotationally symmetric
design. Method 1: In the first method, pre and post orthokeratology maps
are used as the starting point for the design. The pre orthokeratology map
is subtracted from the post, and then the meridians are averaged. This will
create the power profile shown in Figure 5. This power profile is then
applied to the base design of a lens for a myope requiring a -3.00 DS lens,
to retard the advance of myopia. In method 1, the design power of the first
annulus within the central optical zone was calculated mathematically as
follows: Power = 0.486x6 -5.8447x5 + 27.568x4 - 65.028x3 +81.52x2 -51.447x
+12.773 where x is the radial distance from the center of the lens. The
methods of the invention can be embodied as computer readable code on a
computer readable medium. The computer readable medium is any data storage
device that can store data,which thereafter can be read by a computer
system. Examples of computer readable medium include read-only memory,
random-access memory, CD-ROMs, DVDs, magnetic tape, optical data storage
devices. The computer readable medium can also be distributed over network
coupled computer systems so that the computer readable code is stored and
executed in a distributed fashion. The invention may be implemented using
computer programming or engineering techniques including computer software,
firmware, hardware or any combination or subset thereof. Any such resulting
program, having computer-readable code means, may be embodied or provided
within one or more computer-readable media, thereby making a computer
program product, i.e., an article of manufacture, according to the
invention. The computer readable media may be, for example, a fixed (hard)
drive, diskette, optical disk, magnetic tape, semiconductor memory such as
read-only memory (ROM), etc., or any transmitting/receiving medium such as
the Internet or other communication network or link. The article of
manufacture containing the computer code may be made and/or used by
executing the code directly from one medium, by copying the code from one
medium to another medium, or by transmitting the code over a network.
Devices according to the invention may also be one or more processing
systems including, but not limited to, a central processing unit (CPU),
memory, storage devices, communication links and devices, servers, I/O
devices, or any sub-components of one or more processing systems, including
software, firmware, hardware or any combination or subset thereof, which
embody the invention as set forth in the claims. User input may be received
from the keyboard, mouse, pen, voice, touch screen, or any other means by
which a human can input data to a computer, including through other
programs such as application programs. 



One skilled in the art of computer science will readily be able to combine
the software created as described with appropriate general purpose or
special purpose computer hardware to create a computer system or computer
sub-system embodying the method of the invention.The methods embodied in,
for example, the computer instructions on computer readable media are used
to produce the designs described above. The designs created according to
one of the methods described above are used to produce lenses. Preferably,
the lenses are contact lenses. Illustrative materials for formation of soft
contact lenses include, without limitation, silicone elastomers,
silicone-containing macromers including, without limitation, those
disclosed in U.S. Pat. Nos. 5,371,147, 5,314,960, and 5,057,578
incorporated in their entireties by reference, hydrogels,
silicone-containing hydrogels, and the like and combinations thereof. More
preferably, the surface is a siloxane, or contains a siloxane functionality
including, without limitation, polydimethyl siloxane macromers,
methacryloxypropyl siloxanes, and mixtures thereof, silicone hydrogel or a
hydrogel. Illustrative materials include, without limitation, acquaf lcon,
etaf lcon, genf lcon, lenef lcon, senefilcon, balafilcon, lotraf lcon,
galyfilcon or narafilcon. Curing of the lens material may be carried out by
any convenient method. For example, the material may be deposited within a
mold and cured by thermal, irradiation, chemical, electromagnetic radiation
curing and the like and combinations thereof. Preferably, molding is
carried out using ultraviolet light or using the full spectrum of visible
light. More specifically, the precise conditions suitable for curing the
lens material will depend on the material selected and the lens to be
formed. Suitable processes are disclosed in U.S. Pat. Nos. 4,495,313,
4,680,336, 4,889,664, 5,039,459, and 5,540,410 incorporated herein in their
entireties by reference. The contact lenses of the invention may be formed
by any convenient method. One such method uses a lathe to produce mold
inserts. The mold inserts in turn are used to form molds. Subsequently, a
suitable lens material is placed between the molds followed by compression
and curing of the resin to form the lenses of the invention. One ordinarily
skilled in the art will recognize that any other number of known methods
may be used to produce the lenses of the invention. EXAMPLES Example 1
(Prophetic):In a longitudinal study comparing the axial length (eye growth)
and auto-refraction of an age matched pediatric population of subjects aged
6 to 14 yrs old, contact lenses produced according to the method and design
of the present invention are fitted to one group while a control group
wears conventional contact lenses or spectacles. The first group receives
lenses according to the following lens design and optical power profile
described herein. a) The optical power in the central disc of the optic
zone is substantially constant; b) the optical power in the first annulus
at about a diameter of 4 mm increases in plus power to a range of +0.5 to
+1.5 D, with a preferred value of about +1.0 D, at a diameter of 6.5 mm
increases in plus power to a range +1.5 to +4.5 D, with a preferred value
of about +3.4D; c) the optical power in the second annulus decreasing from
the power found at the edge of the first annulus to a power between +1.5
and +4.5 D, with a preferred value of about +3.0 D; d) the optical power of
the third annulus being substantially constant at about the power found at
the edge of the second annulus. The lens powers in this example are
described as follows: a) The optical power in the central disc of the optic
zone is substantially constant; b) the optical power in the first annulus
increases in plus power by a suitable polynomial equation of 4th order or
higher; c) in a preferred aspect, the power change in the first annulus is
governed by the equation: Power = 0.486x6 -5.8447x5 + 27.568x4 - 65.028x3
+81.52x2 -51.447x +12.773 where x is the radial distance from the center of
the lens. d) the optical power in the second annulus decreasing from the
power found at the edge of the first annulus to a power between +1.5 and
+4.5 D, with a preferred value of about +3.0 D; e) the optical power of the
third annulus being substantially constant at about the power found at the
edge of the second annulus. After six months to one (1) year of the study,
the group wearing the lenses produced by the method and design according to
this invention have a 60% to 80% reduced or a slower group average rate of
eye growth than the group average eye growth rate of the control group as 



measured by the change (increase) in axial length or change (myopic shift)
in auto-refraction over the same time period.We Claim: 1) An ophthalmic
lens comprising a design that corrects myopia or myopic astigmatism and
includes correction factors based on corneal topography or wavefront data
acquired before and after orthokeratology treatment wherein the use of the
lens slows or stops the progression of myopia. 2) The lens of claim 1
comprising: A convex surface with a central optic zone surrounded by a
peripheral zone further surrounded by an edge zone, and a concave surface
which rests on the wearer's eye; wherein the lens power at any location in
the optical zone is derived by subtracting the optical power of the eye
after orthokeratology treatment from the optical power before
orthokeratology treatment, to derive the optical power at each location
(x), the optical lens power being useful in controlling or slowing the
progression of myopia. 3) The method of Claim 2 wherein the total
population data is acquired. 4) The method of Claim 2 wherein
sub-population data is acquired. 5) The method of Claim 2 wherein data for
an individual is acquired. 6) The method of Claim 2 wherein the data is an
average of multiple corneal topography files. 7) The method of Claim 2
wherein the data is an average of multiple wavefront files. 8) The method
of Claim 2 wherein the lens design power profile is calculated by averaging
all meridians to a rotationally symmetric form. 9) The method of Claim 2
wherein the lens design power profile is calculated by averaging individual
meridians to a non-rotationally symmetric form.10) A method of designing a
contact lens comprising: a) acquiring wavefront data prior to
orthokeratology treatment, b) acquiring wavefront data after
orthokeratology treatment, c) subtracting the pre treatment data from the
post treatment data, d) generating a lens power profile that includes
correction factors for the retardation of myopia progression. 11) The
method of Claim 10 wherein the wavefront data is converted to a radial
power map. 12) An article comprising computer-usable medium having computer
readable instructions stored thereon for execution by a processor to
perform a method comprising: generating a lens design by converting corneal
topography data characterizing an eye to a radial power map and generating
a lens power profile that includes correction factors based on corneal
topography. 13) The article of claim 12 that produces a lens design for a
lens with a convex surface with a central optic zone surrounded by a
peripheral zone which is further surrounded by an edge zone, and a concave
surface which rests on the wearer's eye. 14) The article of claim 12
wherein the lens power at any location in the optical zone is described by
converting corneal topography data before and after orthokeratology
treatment to radial power maps and subtracting the pre treatment map from
the post treatment map to generate a corneal topography derived power at
each location (x). 15) The article of claim 12 wherein the lens power at
any location in the optical zone is described by converting ocular
wavefront data before and after orthokeratology treatment to radial power
maps and subtracting the pre treatment map from the post treatment map to
generate a corneal topography derived power at each location (x). 16) An
ophthalmic lens for the slowing of myopia progression comprising:a) a
convex surface with a central optic zone surrounded by a peripheral zone
which is further surrounded by an edge zone, and a concave surface which
rests on the wearer's eye; b) the central optic zone containing an inner
disc, and a plurality of annuli; and a lens power at any location in the
optical zone is described by subtracting the optical power of the eye after
orthokeratology treatment from the optical power before orthokeratology
treatment; the lenses made using these designs are useful in controlling or
slowing the progression of myopia. 17) The lens of claim 16 wherein the
inner disc has a diameter less than 2 mm. 18) The lens of claim 16 wherein
the optical power of the inner disc is substantially constant. 19) The lens
of claim 16 wherein the first annulus has an outer diameter between 6.0 to
7.0 mm. 20) The lens of claim 16 wherein the optical power of the first
annulus at a diameter of 4 mm is between +0.5 and +1.5 D. 21) The lens of
claim 16 wherein the optical power of the first annulus at a diameter of
6.5 mm 



is between +1.5 and +5.5 D. 22) The lens of claim 16, wherein the second
annulus surrounding the first annulus has an outer diameter between 7.25
and 7.75 mm. 23) The lens of claim 16 wherein the optical power of the
second annulus decreases smoothly from the power found at the edge of the
first annulus smoothly to between +1.5 and +4.5 D. 24) The lens of claim
16, wherein the third annulus surrounding the second annulus has an outer
diameter between 7.5 and 8.5 mm. 25) The lens of claim 16, wherein the
optical power of the fourth annulus is substantially constant with the
power found at the edge of the second annulus.26) An ophthalmic lens for
the slowing of myopia progression comprising: a) a convex surface with a
central optic zone surrounded by a peripheral zone which is further
surrounded by an edge zone, and a concave surface which rests on the
wearer's eye; b) the central optic zone containing an inner disc, and a
plurality of annuli; and a lens power at any location in the optical zone
is described by subtracting the optical power of the eye after
orthokeratology treatment from the optical power before orthokeratology
treatment; the lenses made using these designs are useful in controlling or
slowing the progression of myopia. 27) The lens of claim 26 wherein the
inner disc has a diameter less than 2 mm. 28) The lens of claim 26 wherein
the optical power of the inner disc is substantially constant. 29) The lens
of claim 26 wherein the first annulus has an outer diameter between 6.0 to
7.0 mm. 30) The lens of claim 26 wherein the optical power of the first
annulus is described by the equation: Power = 0.486x6 -5.8447x5 + 27.568x4
- 65.028x3 +81.52x2 -51.447x +12.773 where x is the radial distance from
the center of the lens. 31) The lens of claim 26, wherein the second
annulus surrounding the first annulus has an outer diameter between 7.25
and 7.75 mm. 32) The lens of claim 26 wherein the optical power of the
second annulus decreases smoothly from the power found at the edge of the
first annulus smoothly to between +2.00 and +3.25 D. 33) The lens of claim
26, wherein the third annulus surrounding the second annulus has an outer
diameter between 7.5 and 8.5 mm. 34) The lens of claim 26, wherein the
optical power of the fourth annulus is substantially constant with the
power found at the edge of the second annulus.35) An ophthalmic lens for
the slowing of myopia progression wherein at least a portion of the optical
zone is described by the equation: Power = 0.486x6 -5.8447x5 + 27.568x4 -
65.028x3 +81.52x2 -5 1.447x +12.773 where x is the radial distance from the
center of the lens. 36) An ophthalmic lens for the slowing of myopia
progression comprising: a) a convex surface with a central optic zone
surrounded by a peripheral zone which is further surrounded by an edge
zone, and a concave surface which rests on the wearer's eye; b) the central
optic zone containing an inner disc, and a plurality of annuli; and a lens
power at any location in the optical zone is a myopia controlling or
slowing amount of power. 37) The lens of claim 36 wherein the inner disc
has a diameter less than 2 mm. 38) The lens of claim 36 wherein the optical
power of the inner disc is substantially constant. 39) The lens of claim 36
wherein the first annulus has an outer diameter between 6.0 to 7.0 mm. 40)
The lens of claim 36 wherein the optical power of the first annulus is
described by the equation: Power = 0.486x6 -5.8447x5 + 27.568x4 - 65.028x3
+81.52x2 -51.447x +12.773 where x is the radial distance from the center of
the lens. 41) The lens of claim 36, wherein the second annulus surrounding
the first annulus has an outer diameter between 7.25 and 7.75 mm. 42) The
lens of claim 36 wherein the optical power of the second annulus decreases
smoothly from the power found at the edge of the first annulus smoothly to
between +2.00 and +3.25 D. 43) The lens of claim 36, wherein the third
annulus surrounding the second annulus has an outer diameter between 7.5
and 8.5 mm.44) The lens of claim 36, wherein the optical power of the
fourth annulus is substantially constant with the power found at the edge
of the second annulus. 45) An ophthalmic lens for the slowing of myopia
progression wherein at least a portion of the optical zone is described by
the equation: Power = 0.486x6 -5.8447x5 + 27.568x4 - 65.028x3 +81.52x2 -5
1.447x +12.773 where x is the radial distance from the center of the lens. 


