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BRACE HINGE WITH TELESCOPING PAD

INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS

[0001] This application claims priority to U.S. Patent Application No.
15/629,448, filed June 21, 2017, and U.S. Provisional Application No. 62/354,553, filed June
24, 2016, each of which is incorporated herein by reference in its entirety and for all
purposes. U.S. Application No. 10/074,520, filed February 11, 2002, which issued as U.S.
Patent No. 6,752,775 on June 22, 2004, is also incorporated herein by reference in its entirety
and for all purposes. Any and all applications for which a foreign or domestic priority claim
is identified in the Application Data Sheet as filed with the present application are hereby

incorporated by reference under 37 CFR 1.57.

BACKGROUND

[0002] The present invention relates to braces, such as orthopedic braces. More
particularly, the present application describes a brace with a hinge having a pad that is
adjustable to apply pressure toward and/or away from a joint. In some embodiments, the
brace is a knee brace configured for treatment of osteoarthritis.

[0003] Osteoarthritis is a degenerative disease that can destabilize a knee joint.
The disease commonly results from aging, joint overuse, or injury. A person afflicted with
osteoarthritis may suffer chronic pain when his or her knee joint is statically or dynamically
loaded that may be caused by an unbalanced loading on the joint. The unbalanced loading
often collapses a compartment between the condyles of the femur and tibia, causing the

condyles to contact each another. The contacting condyles may develop painful abrasions.

SUMMARY
[0004] In a first aspect, a hinge is disclosed. The hinge includes a first arm, a
second arm, and a hinge plate. The first arm is connected to the hinge plate for rotation about
a first axis and the second arm is connected to the hinge plate for rotation about a second
axis. The hinge plate includes an internally threaded aperture. The hinge also includes a force
application assembly and an adjustment assembly. The adjustment assembly includes an

externally threaded lead screw engaged with the internally threaded aperture of the hinge

-1-
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plate. The lead screw includes a medial end connected to the force application assembly and
a keyed bore extending along a longitudinal axis of the lead screw from a lateral end of the
lead screw toward the medial end. The adjustment assembly also includes a drive key having
a keyed shaft slidingly engaged with the keyed bore and a knob connected to a lateral end of
the drive key such that rotation of the knob causes lateral or medial displacement of the force
application assembly. The hinge may be used in a brace. The brace may be a knee brace. The
hinge and the brace may be used for the treatment of osteoarthritis.

[0005] In some embodiments, the adjustment assembly further includes: a dial
gear comprising a plurality of notches, and a tooth extending from the knob that engages with
the plurality of notches during at least a portion of a full rotation of the knob such that
rotation of the knob causes rotation of the dial gear. In some embodiments, the adjustment
assembly further includes a pawl having a free end that engages with the plurality of notches
of the dial gear. In some embodiments, the pawl is configured to prevent rotation of the dial
gear when the tooth of the knob and the notches of the dial gear are not engaged. In some
embodiments, the pawl comprises a C-shape that surrounds a portion of the dial gear. In
some embodiments, the dial gear is configured to limit rotation of the knob. In some
embodiments, the dial gear comprises a missing notch that limits rotation of the knob.

[0006] In some embodiments, the hinge further includes a plurality of position
indicators on the dial gear, one of the plurality of position indicators viewable through a
window in a cover of the hinge depending on a rotational position of the dial gear, the
position indicators indicative of the lateral or medial displacement of the force application
assembly. In some embodiments, a distance between the knob and dial gear is fixed. In some
embodiments, rotation of the knob causes lateral or medial displacement of the externally
threaded lead screw through the internally threaded aperture of the hinge plate. In some
embodiments, the keyed bore of the lead screw comprises a D-bore shape and the keyed shaft
of the drive key comprises a D-bore shape.

[0007] In some embodiments, the force application assembly includes a loading
plate connected to the medial end of the lead screw, and a condyle shell. In some
embodiments, the hinge includes a spacer between the force application assembly and the
hinge plate. In some embodiments, the lead screw extends through an aperture in the spacer.

In some embodiments, the spacer comprises foam. In some embodiments the hinge plate
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comprises a medial hinge plate, the hinge further including a lateral hinge plate, the first and
second arms positioned between the lateral hinge plate and the medial hinge plate, and a
cover, wherein the knob and dial gear are positioned between the cover and the lateral hinge
plate. In some embodiments, a boss extends from an interior surface of the cover, and
wherein the dial gear is mounted on and rotates around the boss. In some embodiments, the
shaft of the drive key extends through an aperture in the lateral hinge plate.

[0008] In a second aspect, a hinge for a brace is disclosed. The hinge includes a
medial hinge plate including an internally threaded anterior aperture having an anterior axis
extending therethrough and an internally threaded posterior aperture having a posterior axis
extending therethrough. The hinge includes a force application assembly. The hinge includes
an anterior adjustment assembly aligned along the anterior axis and a posterior adjustment
assembly aligned along the posterior axis. Each of the anterior and posterior adjustment
assemblies include an externally threaded lead screw engaged with the internally threaded
anterior aperture or the internally threaded posterior aperture of the medial hinge plate and
having a medial end connected to the force application assembly and a keyed bore extending
along a longitudinal axis of the lead screw from a lateral end of the lead screw toward the
medial end. Each of the anterior and posterior adjustment assemblies include a drive key
having a keyed shaft slidingly engaged with the keyed bore and a knob connected to a lateral
end of the drive key such that rotation of the knob causes lateral or medial displacement of
the force application assembly.

[0009] In some embodiments, the anterior adjustment assembly and the posterior
adjustment assembly are independently adjustable. In some embodiments, the internally
threaded anterior aperture and the internally threaded posterior aperture are aligned along a
central transverse axis of the medial hinge plate.

[0010] In some embodiments, the hinge further includes an anterior adjustment
indicator assembly associated with the anterior adjustment assembly and a posterior
adjustment indicator assembly associated with the posterior adjustment assembly. In some
embodiments, each of the anterior adjustment indicator assembly and the posterior
adjustment indicator assembly include a dial gear comprising a plurality of notches, and a
tooth extending from the knob that engages with the plurality of notches during at least a

portion of a full rotation of the knob such that rotation of the knob causes rotation of the dial
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gear. In some embodiments, the adjustment assembly further includes a pawl having a free
end that engages with the plurality of notches of the dial gear. In some embodiments, the
pawl is configured to prevent rotation of the dial gear when the tooth of the knob and the
notches of the dial gear are not engaged.

[0011] In some embodiments, the hinge includes a cover. The cover may include
a circular anterior boss extending from an interior surface of the cover and a circular
posterior boss extending from an interior surface of the cover. The dial gears may be
mounted on and rotate around the bosses. In some embodiments, the anterior axis extends
through the anterior boss and the posterior axis extends through the posterior boss. In some
embodiments, the anterior boss is offset from a center longitudinal axis of the cover toward
an anterior side of the hinge and the posterior boss is offset from the center longitudinal axis
of the cover toward a posterior side of the hinge.

[0011A] In another aspect, the invention provides a hinge for a knee brace
comprising a first arm; a second arm; a hinge plate, the first arm connected to the hinge plate
for rotation about a first axis and the second arm connected to the hinge plate for rotation
about a second axis, the hinge plate including an internally threaded aperture; a force
application assembly; an adjustment assembly including an externally threaded lead screw
engaged with the internally threaded aperture of the hinge plate and having a medial end
connected to the force application assembly, and a keyed bore extending along a longitudinal
axis of the lead screw from a lateral end of the lead screw toward the medial end, a drive key
having a keyed shaft slidingly engaged with the keyed bore, and a knob connected to a lateral
end of the drive key such that rotation of the knob causes rotation of the drive key which
causes rotation of the lead screw through engagement of the keyed shaft and the keyed bore,
wherein the rotation of the lead screw causes the lead screw to move laterally or medially
along the longitudinal axis relative to the hinge plate to cause lateral or medial displacement
of the force application assembly, and wherein the keyed bore slides laterally or medially
along keyed shaft of the drive key as the keyed bore and the keyed shaft rotate together.

[0011B] In another aspect, the invention provides a hinge for a brace comprising: a
medial hinge plate including an internally threaded anterior aperture having an anterior axis
extending therethrough, and an internally threaded posterior aperture having a posterior axis

extending therethrough; a force application assembly; an anterior adjustment assembly
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aligned along the anterior axis and a posterior adjustment assembly aligned along the
posterior axis, each including an externally threaded lead screw engaged with the internally
threaded anterior aperture or the internally threaded posterior aperture of the medial hinge
plate and having a medial end connected to the force application assembly, and a keyed bore
extending along a longitudinal axis of the lead screw from a lateral end of the lead screw
toward the medial end, a drive key having a keyed shaft slidingly engaged with the keyed
bore, and a knob connected to a lateral end of the drive key such that rotation of the knob
causes lateral or medial displacement of the force application assembly wherein an anterior
adjustment indicator assembly associated with the anterior adjustment assembly and a
posterior adjustment indicator assembly associated with the posterior adjustment assembly,
cach of the anterior adjustment indicator assembly and the posterior adjustment indicator
assembly comprising: a dial gear comprising a plurality of notches; and a tooth extending
from the knob that engages with the plurality of notches during at least a portion of a full
rotation of the knob such that rotation of the knob causes rotation of the dial gear.

[0012] These and other aspects of the disclosure will become apparent from the

following detailed description, drawings, and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The features and advantages of the brace and hinge described herein will
become more fully apparent from the following description and appended claims, taken in
conjunction with the accompanying drawings. These drawings depict only several
embodiments in accordance with the disclosure and are not to be considered limiting of its
scope. In the drawings, similar reference numbers or symbols typically identify similar
components, unless context dictates otherwise. In some instances, the drawings may not be
drawn to scale.

[0014] FIG. 1A shows an anterior view of one embodiment of a brace including a
hinge with a telescoping force application assembly.

[0015] FIGS. 1B and 1C show lateral and medial views of an embodiment of a
brace frame of the brace of FIG. 1A.

[0016] FIGS. 1D and 1E show outside and inside views of an embodiment to a
cover of the brace of FIG. 1A.
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[0017] FIGS. 2A and 2B are perspective and lateral side views, respectively, of
the hinge of FIG. 1A.

[0018] FIG. 3A shows an anterior view of the hinge of FIG. 2A with the force
application assembly in a first position.

[0019] FIG. 3B is an anterior view of the hinge of FIG. 2A in a second
configuration with the force application assembly extended in a medial/lateral direction.

[0020] FIG. 4A shows a top view of the hinge of FIG. 2A with the force
application assembly in the first position.

[0021] FIG. 4B is a top view of the hinge of FIG. 2A in the second configuration
with the force application assembly extended in the medial/lateral direction.

[0022] FIGS. 5A and 5B are lateral and medial partially exploded perspective
views, respectively, of the hinge of FIG. 2A.

[0023] FIG. 6 is an exploded perspective view of an embodiment of a hinge
assembly for the hinge of FIG. 2A.

[0024] FIG. 7 shows a perspective view of the medial side of a hinge plate of the
hinge of FIG. 2A.

[0025] FIG. 8A is a partially exploded perspective view of an embodiment of an
adjustment assembly for the hinge of FIG. 2A.

[0026] FIG. 8B is a medial view of some of the components of the adjustment
assembly of FIG. 8A positioned within a cover of the hinge.

[0027] FIG. 8C is a lateral view of some of the components of the adjustment
assembly of FIG. 8A with the cover removed.

[0028] FIGS. 9A and 9B show medial perspective and medial views, respectively,
of an embodiment of a cover for the hinge of FIG. 2A.

[0029] FIG. 10 shows a lateral partially exploded view of an embodiment of the
force application assembly for the hinge of FIG. 2A.

[0030] FIGS. 11A and 11B show lateral and medial exploded perspective views,
respectively, of some of the components of the adjustment assembly of FIG. 8A.

[0031] FIG. 12 shows a perspective view of an embodiment of a drive key and an

adjustment screw.
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[0032] FIGS. 13A and 13B shows lateral and medial partially exploded
perspective views, respectively, of the hinge of FIG. 2A.

[0033] FIG. 14 is a cross-sectional view of the hinge taken along the line 14-14
shown in FIG. 2B.

[0034] FIG. 15 is a cross-sectional view of the hinge taken along the line 15-15
shown in FIG. 2B.

DETAILED DESCRIPTION

[0035] The following discussion presents detailed descriptions of the several
embodiments of a brace and brace hinge with a telescoping force application as shown in the
figures. These embodiments are not intended to be limiting, and modifications, variations,
combinations, etc., are possible and within the scope of this disclosure.

[0036] FIG. 1A shows an anterior view of on¢ embodiment of a brace 10
including a hinge 100 with a telescoping force application assembly (the telescoping force
assembly 400 is shown, for example, in FIG. 2A). The brace 10 can be used for the treatment
of osteoarthritis of a knee. In some embodiments, the brace 10 is worn on the affected leg
and is configured to apply a lateral/medial force to a lateral or medial side of the knee in
order to unload the affected compartment of the knee joint and eliminate contact between the
femur and tibia. In some embodiments, the force is applied to the knee at a point about 10° to
15° posterior of the normal axis of rotation of the knee, although other locations for the
application of the force are possible.

[0037] In the illustrated embodiment, the hinge 100 is positioned on the lateral
side of the brace 10 and is configured to provide a lateral/medial force to a lateral (outside)
portion of a user’s knee. Thus, the illustrated brace 10 is configured for use on a user’s right
leg, although the brace may be configured in a mirrored configuration for use on a user’s left
leg. Additionally, the brace 10 may be configured to provide a lateral/medial force to a
medial (inside) portion of a user’s knee. Accordingly, in some embodiments, the hinge 100
may be positioned on the medial side of the brace 10. In some embodiments, the brace 10
may be configured to apply a force on both the lateral and medial portions of a user’s knee
by, for example, including a hinge 100 on both the lateral and medial sides of the brace 10.

Finally, while the illustrated brace 10 is configured to provide treatment for a knee joint, the
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brace 10 may be modified for use on other joints, such as, for example, elbows, ankles, or
others.

[0038] The hinge 100 will be described below in detail in reference to FIGS. 2A-
15. For ease of description, the hinge 100 illustrated in the figures will be described below as
configured for use on a lateral side of a right knee. Those of skill in the art, however, will
appreciate the hinge 100 may be adapted for use on the left side of a right knee, the right or
left sides of a left knee, or on other joints in the body. While described as configured for use
on a lateral side of a right knee, this application is not intended to be limited to only the
described application.

[0039] In the illustrated embodiment, the brace 10 includes a cover 20. The cover
20 may be configured to wrap around a user’s leg. The hinge 100 may extend through an
opening 23 in the cover 20. As illustrated, the cover 20 also includes a proximal opening 22a
and a distal opening 22b. When the brace 10 is worn, the leg extends through the cover 20
from the proximal opening 22a to the distal opening 22b. The cover 20 also includes an
anterior opening 25. The anterior opening 25 may be centered over the user’s knee when the
brace 10 is worn. In some embodiments, the cover 20 also includes a posterior opening. The
cover 20 may be secured to the leg with one or more fasteners. For example, in the illustrated
embodiment, the cover 20 includes proximal and distal fasteners 26a, 26b that close the cover
20 around the leg. The proximal and distal fasteners 26a, 26b may be hook and loop
fasteners, as illustrated, or any other type of fastener including ties, buttons, zippers, toggles,
etc. In the illustrated embodiment, proximal and distal tightening straps 34a, 34b extend
through the cover 20. The proximal and distal tightening straps 34a, 24b may be connected to
a brace frame 30 (as shown in FIGS. 1B and 1C). The proximal and distal tightening straps
34a, 34b may be configured to allow the brace 10 to be tightened around the leg. The
proximal and distal tightening straps 34a, 34b may be secured with hook and loop fasteners,
as illustrated, or any other type of fastener. In some embodiments, the cover 20 is made from
fabric or another flexible material. The cover 20 may fit around the brace frame 30 (shown in
FIGS. 1B and 1C), which provides structural support for the brace 10.

[0040] FIGS. 1B and 1C show lateral and medial views of an embodiment of a
brace frame 30 of the brace 10 of FIG. 1A. As shown, the brace frame 30 includes a proximal

leg support 32a and a distal leg support 32b. The proximal leg support 32a is configured to be
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secured to a user’s upper leg above the knee. In some embodiments, the proximal leg support
32a is a rigid, semi-rigid, or flexible plate shaped to fit to a user’s upper leg or thigh. In some
embodiments, the proximal leg support 32a wraps around an anterior portion of the user’s
leg. In some embodiments, the proximal leg support 32a wraps entirely around the user’s leg.
The proximal tightening strap 34a may be attached to the proximal leg support 32a to secure
the proximal leg support 32a to the leg. Similarly, the distal leg support 32b is configured to
be secured to a user’s lower leg below the knee. In some embodiments, the distal leg support
32b is a rigid, semi-rigid, or flexible plate shaped to fit to a user’s lower leg or calf. In some
embodiments, the distal leg support 32b wraps around a posterior portion of the user’s leg. In
some embodiments, the distal leg support 32b wraps entirely around the user’s leg. The distal
tightening strap 34b may be attached to the distal leg support 32b to secure the proximal leg
support 32b to the leg. The proximal leg support 32a is attached to the hinge 100 by a
proximal arm 140a and the distal leg support 32b is attached to the hinge 100 by a distal arm
140b.

[0041] FIGS. 1D and 1E show outside and inside views of an embodiment to a
cover 20 of the brace 10 of FIG. 1A (illustrated removed from the brace frame 30 of the
brace 10). In the illustrated embodiment, the opening 23 for the hinge 100 is visible as well
as several proximal and distal slits 27a, 27b configured to allow the proximal and distal
tightening straps 34a, 34b to extend therethrough. As shown in the inside view of FIG. 1E,
the cover 20 can include a proximal pocket 28a and a distal pocket 28b configured to receive
the proximal and distal leg supports 32a, 32b. Other configurations for the cover 20 and the
brace frame 30 are possible.

[0042] FIGS. 2A and 2B are perspective and lateral side views, respectively, of
the hinge 100 of FIG. 1. As will become more fully apparent from the following description,
the hinge 100 may be configured to apply a lateral/medial force to a user’s knee and/or to
allow, limit, or prohibit extension and flexion of the knee. In the illustrated embodiment, the
hinge 100 includes a proximal arm 140a and a distal arm 140b. Only the portions of the
proximal and distal arms 140a, 140b that are attached to the hinge 100 are illustrated.
However, the opposite ends of the proximal and distal arms 140a, 140b (not shown in the
figures) can be connected to other components of the brace 10 and/or secured to a user’s leg.

For example, in some embodiments, the proximal arm 140a extends proximally from the
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hinge 100 and is connected to a proximal portion of the brace 10 that is secured above the
knee on a user’s thigh. Similarly, in some embodiments, the distal arm 140b extends distally
from the hinge 100 and is connected to a distal portion of the brace 10 that is secured below
the knee on a user’s lower leg.

[0043] In some embodiments, the proximal and distal arms 140a, 140b are
pivotally connected to the hinge 100 (as will be described below in greater detail with
reference to FIG. 6). For example, the proximal and distal arms 140a, 140b can be configured
to rotate with respect to the hinge 100 or with respect to each other in response to the flexion
and/or extension of the knee. In some embodiments, the proximal and distal arms 140a, 140b
are configured to rotate independently. In some embodiments, the proximal and distal arms
140a, 140b are configured to rotate together. For example, rotation of the proximal arm 140a
may be configured to cause a corresponding and equal rotation of the distal arm 140b, or vice
versa. In some embodiments, the rotation of the proximal and distal arms 140a, 140b lies in a
single plane, although this need not be the case in all embodiments. In some embodiments,
the hinge 100 may be bicentric. That is, the hinge 100 may comprise two axes of rotation,
one for each of the proximal and distal arms 140a, 140b. The two axes may be spaced apart
to produce a hinge rotation that approximates the bending dynamics of the human knee. In
some embodiments, the hinge 100 may be monocentric. That is, the proximal and distal arms
140a, 140b may share a common axis of rotation.

[0044] In some embodiments, the proximal and distal arms 140a, 140b can be
locked in place, such that they do not rotate. In some embodiments, the hinge 100 can be
configured such that the rotation of the proximal and distal arms 140a. 140b can be limited.
In this way, the brace 10 can be configured to provide a limited range of motion.

[0045] The hinge 100 also includes a force application assembly 400. The force
application assembly 400 is configured to apply a lateral/medial force to a user’s knee. As
will be described in greater detail below, the force application assembly 400 can be displaced
in a lateral/medial direction to apply the lateral/medial force. In some embodiments, the
brace and hinge 100 are configured such that the force application assembly 400 is positioned
over a lateral or medial side of a user’s knee when the brace is worn. Thus, the force
application assembly 400 can be configured to apply the lateral/medial force to the lateral or

medial side of a user’s knee.

-10-
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[0046] The hinge 100 is configured such that the force applied by the force
application assembly 400 can be adjusted. In the illustrated embodiment, the hinge 100
includes an anterior actuator or knob 230a and a posterior actuator or knob 230b. The
anterior and posterior knobs 230a, 230b may be manipulated, operated, or adjusted to control
the displacement of the force application assembly 400. In the illustrated embodiment, the
anterior knob 230a extends out an anterior knob opening 116a in a cover 110 of the hinge
100 and the posterior knob 230b extends out a posterior knob opening 116b in the cover 110.
While an anterior and a posterior knob 230a, 230b are illustrated in the figures and described
throughout this application, in some embodiments, the hinge 100 may be configured with the
knobs (or other actuators) in other positions. For example, both knobs could be positioned on
the anterior side or the posterior side of the hinge, or, as another example, the knobs could
extend out a lateral surface of the cover 110. Further, while two knobs are illustrated and
described, in some embodiments, the hinge 100 may include only a single knob or more than
two knobs.

[0047] In the illustrated embodiment, the cover 110 includes windows 112
through which position indicators 222 are visible. As the anterior and posterior knobs 230a,
230b are adjusted the position indicators 222 visible through the windows 112 are changed to
indicate the displacement of the force application assembly 400. In the illustrated
embodiment, the position indicators 222 are numerical values, although other indicators, for
example, colors, symbols, etc. are possible. In some embodiments, the windows 112 are
configured as two apertures on opposite corners of the lateral surface of the cover 110,
although other numbers of windows 112 and/or other placements of the windows 112 on the
hinge 100 are possible. The cover 110 may also include additional indicators or markings
113 that can indicate the effect of rotation of the anterior or posterior knobs 230a, 230b in
either the clockwise or counterclockwise directions. For example, as illustrated, the cover
110 includes “plus” and “minus” markings 113 indicating that rotation of the anterior or
posterior knobs 230a, 230b in either the clockwise or counterclockwise directions will cause
positive and negative displacement, respectively, of the force application assembly 400.

[0048] Example displacement of the force application assembly 400 will be
described below in reference to FIGS. 3A through 4B. FIGS. 3A and 4A show anterior and

top views of the hinge 100 with the force application 400 assembly in a first position. In the

-11-
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illustrated first position, the force application assembly 400 is positioned against a medial
hinge plate 350 of the hinge 100. The first position may represent a retracted positon or a
position of approximately zero displacement. The first position may also represent
application of a lower lateral/medial force as compared with a second position shown in
FIGS. 3B and 4B, which may represent application of a higher lateral/medial force as
compared with the first position. In some embodiments, the force application assembly 400
may apply approximately zero force to the knee in the first position.

[0049] FIGS. 3B and 4B show anterior and top views, respectively, of the hinge
100 with the force application 400 in a second configuration. The second configuration may
represent an extended or displaced position relative to the medial hinge plate 350. In the
second configuration, the force application assembly 400 has been displaced (in other words,
extended) in a medial/lateral direction. In some embodiments the displacement is at
predetermined displacement increment (e.g., 1 mm, 1.5mm, 2 mm, 3mm or any other
predetermined increment). In some embodiments the displacement can be set to be any value
between the least displacement and the greatest displacement that the force application
assembly 400 can be positioned (for example, configured for a non-incremental
displacement). In some embodiments, the force application assembly 400 can be displaced at
positions from between about 0 mm and about 50 mm. In some embodiments, the maximum
displacement of the force application assembly 400 (measured relative to the medial hinge
plate 350) is approximately 30 mm, approximately 20 mm, or approximately 10 mm. The
force application assembly 400 can be transitioned between the first position and the second
position (and any position in between) by manipulation of the anterior and posterior knobs
230a, 230b. As will be described in greater detail below, displacement of the force
application assembly 400 can be caused by the telescoping or extension of anterior and
posterior lead screws 410a, 410b through the medial hinge plate 350. The anterior and
posterior knobs 230a, 230b can be operatively connected to the lead screws 410a, 410b. In
the anterior view of FIG. 3B, only the anterior lead screw 410a is visible as the posterior lead
screw 410b is located behind the anterior lead screw 410a. FIG. 4B illustrates both the
anterior lead screw 410a and the posterior lead screw 410b.

[0050] In some embodiments, the anterior and posterior lead screws 410a, 410b

are independently adjustable, for example, via independent manipulation of the anterior and
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posterior knobs 230a, 230b. In the illustrated embodiments of FIGS. 3B and 4B, the anterior
and posterior lead screws 410a, 410b have been adjusted evenly (that is, with equal amounts
of extension through the medial hinge plate 350) such that the force application assembly 400
is displaced an equal anterior and posterior amount. Although not illustrated, the anterior and
posterior lead screws 410a, 410b can be adjusted to provide an uneven force via the force
application assembly 400. For example, if the anterior lead screw 410a is adjusted to provide
a greater displacement than the posterior lead screw 410b, the force application assembly 400
will be positioned at an angle with respect to the medial hinge plate 350 and will apply a
greater anterior force and a smaller posterior force. As another example, if the anterior lead
screw 410a is adjusted to provide a smaller displacement than the posterior lead screw 410b,
the force application assembly 400 will be positioned at an angle with respect to the medial
hinge plate 350 such that a smaller anterior force and a greater posterior force is applied.
Thus, in some embodiments, the hinge 100 is configured for independent adjustment of the
force application assembly 400, allowing a user to apply varying and differing pressure to the
anterior and posterior portions of the knee.

[0051] Further, while the illustrated embodiment includes an anterior and a
posterior lead screw 410a, 410b, other arrangements are possible. For example, the hinge 100
can include a proximal and a distal lead screw allowing for independent adjustment in a
proximal/distal direction. In some embodiments, the hinge 100 can include a single lead
SCrew.

[0052] FIGS. 5A and 5B are lateral and medial partially exploded perspective
views, respectively, of the hinge 100 and will be described concurrently. In the illustrated
embodiment, the hinge 100 includes a hinge mechanism assembly 300, the force application
assembly 400, an adjustment assembly 200, and the cover 110. Not all of these components
are necessary in all embodiments of the hinge 100.

[0053] In the illustrated embodiment, the hinge mechanism assembly 300
includes a lateral hinge plate 310 and a medial hinge plate 350. End portions of the proximal
and distal arms 140a, 140b are received between the lateral and medial hinge plates 310, 350.
In some embodiments, the hinge mechanism assembly 300 is configured to allow the
proximal and distal arms 140a, 140b to rotate as described above. The hinge mechanism

assembly 300 will be described in detail below in reference to FIGS. 6 and 7.
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[0054] The hinge 100 also includes the force application assembly 400. In the
illustrated embodiment of FIGS. 5A and 5B, the force application assembly 400 includes a
loading plate 420 and a condyle shell 430, as well as the anterior and posterior loading
screws 410a, 410b. The force application assembly 400 is positioned below (in other words,
on the medial side of) the medial hinge plate 350. The force application assembly 400 can
include a foam (or other cushioning material) pad 405 positioned between the medial hinge
plate 350 and the loading plate 420 as illustrated. As discussed previously, the force
application assembly 400 is configured for lateral/medial displacement relative to the medial
hinge plate 350. In some embodiments, one or more of these components may be omitted.
The force application assembly 400 is described in detail below in reference to FIG. 10.

[0055] The hinge also includes an adjustment assembly 200. In the illustrated
embodiment of FIGS. 5A and 5B, the adjustment assembly 200 includes an anterior drive
key 210a, the anterior knob 230a, an anterior dial gear 220a, and an anterior pawl 240a that
are configured to allow displacement of the anterior lead screw 410a through the medial
hinge plate 350 to control lateral/medial displacement of an anterior portion of the force
adjustment assembly 400. The adjustment assembly 200 also includes a posterior drive key
210b, the posterior knob 230b, a posterior dial gear 220b, and a posterior pawl 240b that are
configured to allow displacement of the anterior lead screw 410a through the medial hinge
plate 350 to control lateral/medial displacement of a posterior portion of the force adjustment
assembly 400. The adjustment assembly is positioned between the lateral hinge plate 310 and
the cover 110. Again, not all of these components are necessary in all embodiments of the
hinge 100. The adjustment assembly 200 and cover 110 will be described in detail in
reference to FIGS. 8A-9B.

[0056] FIG. 6 is an exploded view of one embodiment of the hinge mechanism
assembly 300. In the illustrated embodiment, the hinge mechanism assembly 300 includes
the lateral hinge plate 310 and the medial hinge plate 350. FIG. 7 shows the medial face of
the medial hinge plate 350. As illustrated, each of the lateral and medial hinge plates 310,
350 is a flat bracket or plate and is substantially oval shaped, although other shapes are
possible. In some embodiments, the profile shape of each of the lateral and medial hinge
plates 310, 350 is the same. Each of the lateral and medial hinge plates 310, 350 can be

between approximately 0.05 mm and 1 cm mm thick, although other thicknesses are possible.
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In some embodiments, the medial hinge plate 350 is thicker than the lateral hinge plate 310,
although, in some embodiments, the medial hinge plate 350 and the lateral hinge plate 310
can have the same thickness or the lateral hinge plate 310 can be thicker than the medial
hinge plate.

[0057] As illustrated, for some embodiments, each of the lateral and medial hinge
plates 310, 350 includes a plurality apertures extending there through. In some embodiments,
one or more of the apertures of the lateral hinge plate 310 are aligned with the one or more
apertures of the medial hinge plate 350. In some embodiments, apertures are aligned along
four distinct axes of the hinge mechanism assembly 300. For example, apertures can be
aligned along a proximal arm rotation axis 2a, a distal arm rotation axis 2b, an anterior
adjustment axis 4a, and a posterior adjustment axis 4b. In some embodiments, the proximal
and distal arms 140a, 140b are configured to rotate around the proximal and distal arm
rotation axes 2a, 2b. In some embodiments, displacement of the anterior and posterior lead
screws 410a, 410b occurs along the anterior and posterior adjustment axes 4a, 4b,
respectively.

[0058] The medial hinge plate 350 includes a proximal aperture 352a and distal
aperture 352b. In some embodiments, the proximal and distal apertures are aligned along a
central longitudinal axis of the medial hinge plate 350. In some embodiments, the proximal
aperture 352a is located substantially in the center of a proximal half of the medial hinge
plate 350, and the distal aperture 352b is located substantially in the center of a distal half of
the medial hinge plate 350. The medial hinge plate 350 also includes an anterior aperture
354a and posterior aperture 354b. In some embodiments, the anterior aperture 354a and the
posterior apertures 354b can be aligned along a central transverse axis of the medial hinge
plate 350. In some embodiments, the anterior aperture 354a is located near a center of an
anterior edge of the medial hinge plate 350, and each posterior aperture 354b is located near
a center of a posterior edge of the medial hinge plate 350. The anterior and posterior
apertures 354a, 354b can be internally threaded. As will be described below, in some
embodiments, the internal threads of the anterior and posterior apertures 354a, 354b engage
with external threads of the lead screws 410a, 410.

[0059] In the illustrated embodiment, the medial hinge plate 350 includes

apertures 358. The apertures 358 are positioned near the anterior and posterior sides of the
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medial hinge plate and surround the anterior and posterior apertures 354a, 354b. In some
embodiments, the additional apertures 358 are smaller than the anterior and posterior
apertures 354a, 354b and/or the proximal and distal apertures 352a, 352b. While additional
anterior and posterior apertures 358 are illustrated in the figures and described throughout
this application, in some embodiments, the hinge mechanism assembly 300 may be
configured without these apertures or with additional apertures in other positions. As shown
in the FIG. 7, the medial face of the medial hinge plate 350 includes anterior and posterior
bosses 356a, 356b surrounding the anterior and posterior apertures 354a, 354b. The anterior
and posterior bosses 356a, 356b may extend the internally threaded length of the anterior and
posterior apertures 354a, 354b. The anterior and posterior bosses 356a, 356b may also serve
as a contact point for the force application assembly 400. In other words, in some
embodiments, the force application assembly 400 can be retracted until it contacts the bosses
356a, 356b.

[0060] The lateral hinge plate 310 may include a plurality of apertures that
correspond to the apertures of the medial hinge plate 350 described above. For example, in
the illustrated embodiment, the lateral hinge plate includes a proximal aperture 312a, a distal
aperture 312b, an anterior apertures 314a, and a posterior aperture 314b. In some
embodiments, the anterior and posterior apertures 314a, 314b are not threaded. The lateral
hinge plate 310 also includes additional apertures 316.

[0061] The anterior apertures 354a of the lateral and medial hinge plates 310, 350
are aligned along the anterior adjustment axis 4a. The posterior apertures 354b of the lateral
hinge plates are aligned along the posterior adjustment axis 4b. While an anterior and
posterior aperture 354a, 354b are illustrated in the figures and described throughout this
application, in some embodiments, the hinge mechanism assembly 300 may be configured
with the apertures in other positions. For example, both apertures could be located toward
one side of the hinge plates or be spaced from a proximal/distal axis of the hinge plates. The
anterior and posterior apertures 354a, 354b may include internal threads that cooperate with
an anterior lead screw 410a and posterior lead screw 410b (not shown), respectively, to
adjust an amount of pressure exerted on a lateral side of a user’s knee.

[0062] The lateral and medial hinge plates 310, 350 may be made from metal,

plastic, or other suitable materials. In some embodiments, the lateral and medial hinge plates
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310, 350 are substantially rigid. In some embodiments, the lateral and medial hinge plates
310, 350 are flexible. In some embodiments, one of the lateral or medial hinge plates 310,
350 can be omitted.

[0063] The proximal and distal arms 140a, 140b are positioned between the
lateral and medial hinge plates 310, 350. In some embodiments, the proximal arm 140a is
formed from a substantially flat plate. The plate may be, for example, between approximately
0.5 mm and 2 cm thick, although other thicknesses are possible. The proximal arm 140a can
include a hinge-engaging portion 142a at a posterior end, which has a complex perimeter,
including an anterior shoulder 148a, a posterior shoulder 146a, and a plurality of gear teeth
145 along distal and posterior edges. The proximal arm 140a includes pivot aperture 144a
near the proximal end. The distal arm 140b is substantially identical to the proximal arm
140a, but is a substantial mirror of the proximal arm 140a about an axis that passes through a
center of the hinge 100 in an anterior/posterior direction. The proximal and distal arms 140a,
140b rotate around the proximal and distal arm rotation axes 2a, 2b about the respective pivot
apertures 144a, 144b, such that the plurality of teeth gear of both arms engage each other.
This causes rotation of one arm to be transferred to the other arm. In some embodiments,
there is a limited plurality (i.e., a limited number) of gear teeth 144 between the anterior and
posterior shoulders 148b, 146b of the proximal and distal arms 140a, 140b to limit the range
of motion of brace 10. In another embodiment, the plurality of gear teeth of both arms may
be configured to rotate together, at equal angles from an axis in the distal/proximal direction.
In other embodiments, the proximal and distal arms 140a, 140b can be locked in place, such
that they do not rotate. The proximal and distal arms 140a, 140b can be made from a metal,
plastic, or other suitable materials. In some embodiments, the proximal and distal arms 140a,
140b are rigid. In some embodiments, the proximal and distal arms 140a, 140b are flexible.

[0064] In some embodiments, the hinge mechanism 300 can include a lateral
plate, spacer, or washer 320 and a medial plate, spacer, or washer 340 on each of the lateral
and medial sides of the proximal and distal arms 140a, 140b, for example as illustrated in
FIG. 6. The lateral and medial washers 320, 340 can each be substantially similar to each
other. The lateral washer 320 will now be described, but the description is also applicable to
the medial washer 340. The lateral washer 320 may be configured as a thin, flat plate. The

lateral washer 320 can include a plurality of apertures aligned with one or more of the
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apertures of the lateral and/or medial hinge plates 310, 350. As illustrated the lateral washer
320 includes a proximal aperture 344a, a distal aperture 344b, an anterior aperture 346a, and
a posterior aperture 356b. In some embodiments, the lateral washer 320 may be constructed
of a material having a low coefficient of friction, such as plastic. The lateral washer 320 thus
enables the proximal and distal arms 140a, 140b to rotate more easily within the hinge
assembly 300. In some embodiments one or both of the lateral and/or medial washers 320,
340 can be omitted.

[0065] The proximal apertures 312a, 324a, 144a, 344a, 352a can be aligned along
the proximal arm rotation axis 2a. The distal apertures 312b, 324b, 144b, 344b, 352b can be
aligned along the distal arm rotation axis 2b. Proximal and distal fasteners, such as rivets
127a, 127b can be used to secure the components of the hinge mechanism 300 as shown in
the cross-sectional view of FIG. 15. The anterior apertures 314a, 326a, 346a, 354a can be
aligned along the anterior adjustment axis 4a. The posterior apertures 314b, 326b, 346b, 354b
can be aligned along the posterior adjustment axis 4b.

[0066] FIG. 8A is an exploded view of the adjustment assembly 200 and the
cover 110. The hinge mechanism assembly 300 and the force application assembly 400 are
also shown in FIG. 8A in an assembled state positioned below the adjustment assembly 200.
In the illustrated embodiment, the adjustment assembly 200 includes the anterior drive key
210a, the anterior knob 230a, the anterior dial gear 220a, and the anterior pawl 240a. The
adjustment assembly 200 also includes the posterior drive key 210b, the posterior knob 230b,
the posterior dial gear 220b, and the posterior pawl 240b.

[0067] The anterior drive key 210a includes a keyed head 211a and a keyed shaft
212a. The keyed shaft 212a can extend through an opening in the anterior knob 230a. The
keyed head 211a can be received in a corresponding keyed recess 231a in the anterior knob.
In the illustrated embodiment, the keyed head 211a and the keyed recess 231a each comprise
a square shape, although other shapes are possible. The keyed head 211a and the keyed
recess 231a are configured such that when the keyed head 211a is received in the keyed
recess 23 1a, rotation of the anterior knob 230a causes equal and corresponding rotation of the
anterior drive key 210a. In other words, when assembled, the anterior knob 230a and the
anterior drive key 210a rotate together. In some embodiments, the anterior knob 230a and the

anterior drive key 211a may be formed as a unitary part.
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[0068] The keyed shaft 212a of the anterior drive key 210a extends through the
anterior knob 230a and into a keyed bore 412a of the anterior lead screw 410a. In the
illustrated embodiment, the keyed shaft 212a comprises a D-bore shaft shape and the keyed
bore comprises a corresponding D-bore shape, although other keyed shapes are possible. The
keyed shaft 212a and the keyed bore 412a are configured to transfer rotation between the
anterior drive key 210a and the anterior lead screw 410a. That is, the anterior drive key 210a
and the anterior lead screw 410a rotate together. As will be described below, rotation of the
anterior knob 230a is transmitted to the anterior lead screw 410a by the anterior drive key
210a causing lateral/medial displacement of an anterior portion of the force application
assembly 400. The anterior drive key 211a, anterior knob 230a, and the anterior lead screw
410a are aligned along the anterior adjustment axis 4a.

[0069] As illustrated, in some embodiments, the anterior dial gear 220a and the
anterior pawl 240a are associated with the anterior drive key 210a, anterior knob 230a, and
the anterior lead screw 410a. As described herein, the anterior dial gear 220a can include
position indicators 222 that are visible through a window 112 in the cover 110 to indicate the
amount of displacement of the force application assembly 400. As will be described below,
rotation of the anterior knob 230a may cause rotation of the anterior dial gear 220a, causing a
different position indicator 222 to be visible. In some embodiments, the rotation of the
anterior dial gear 220a is less than the rotation of the anterior knob 230a. For example, in
some embodiments, a full rotation of the anterior knob 230a causes a partial rotation of the
anterior dial gear 220a that corresponds to a change of one position indicator 222 on the
anterior dial gear 220a. The anterior pawl 240a is engaged with the anterior dial gear 220a to
limit or prevent inadvertent or unintentional rotation of the anterior dial gear 220a.

[0070] The posterior drive key 210b, posterior knob 230b, and posterior lead
screw 410b are similarly configured to the corresponding anterior components described
above, but are aligned along the posterior adjustment axis 4b. The posterior dial gear 220b
and the posterior pawl 240b are associated with the posterior drive key 210b, posterior knob
230b, and posterior lead screw 410b and are similar to the corresponding anterior
components described above.

[0071] The interplay and arrangement of the components of the adjustment

assembly 200 within the cover 110 will now be described with reference to the embodiment
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of FIGS. 8B-9B. FIG. 8B is a medial view of some of the components of the adjustment
assembly 200 positioned within a cover 110. FIG. 8C is a lateral view of some of the
components of the adjustment assembly 200 with the cover 110 removed. FIGS. 9A and 9B
show medial perspective and medial views, respectively, of an embodiment of the cover 110.

[0072] As shown in FIG. 8A, the anterior dial gear 220a is a substantially annular
gear having an internal aperture 221a. The internal aperture 221a is aligned with a central
axis of the anterior dial gear 220a. The internal aperture 221a is positioned on an anterior
boss 121a of the cover 110 (as seen in FIGS. 9A and 9B). In some embodiments, the anterior
boss 121a extends from an inner surface of the cover 110. The anterior boss 121a and
internal aperture 221a are configured such that the anterior dial gear 220a can rotate around
the anterior boss 121a. In other words, the anterior dial gear 220a is received on and rotates
around the anterior boss 121a of the cover 110.

[0073] The anterior dial gear 220a also includes a plurality of notches 221 spaced
at even intervals around its perimeter. The notches are configured in size and shape to mesh
with a tooth 235a that is formed on the medial surface of the anterior knob 230a during at
least a portion of the rotation of the anterior knob 230a. For example, in the illustrated
embodiment, during each full rotation of the anterior knob 230a, the tooth 235a engages with
one of the notches 221 of the anterior dial gear 220a and causes a partial rotation of the
anterior dial gear 220a that is equal to the distance between adjacent notches 221. In FIG. 8B,
the tooth 235b of the posterior knob 230b is shown engaged with a notch 221 of the posterior
dial gear 220b. In some embodiments, the anterior dial gear 240a includes a missing notch
223 (in other words, at one location around the perimeter of the dial gear 240a a notch is
omitted or a spacing between two notches is larger (e.g., twice as large) as a spacing between
the remaining notches). The missing notch 223 may serve to limit rotation of the anterior
knob 230a. For example, as described above, for each rotation of the anterior knob 230a the
tooth 235a advances the anterior dial gear 240a one notch. However, when the tooth 235a
reaches the missing notch 223, the missing notch 223 prevents the anterior knob 230a from
rotating further in that direction. The location of the missing notch 223 may be positioned to
represent a maximum and/or minimum lateral/medial displacement of the force application

assembly 400.
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[0074] As shown in FIGS. 8B, 9A, and 9B, the anterior boss 121a of the cover
110 is offset toward the anterior side of the cover 110 from the central longitudinal axis 6 of
the cover 110. This offset allows the anterior dial gear 220a to engage with the anterior knob
230a without interfering with the posterior knob 230b. Similarly, the posterior boss 121b is
offset toward the posterior side of the cover to allow the posterior 220b to engage with the
posterior knob 230b without interfering with the anterior knob 230a.

[0075] The anterior pawl 240a is configured to prevent rotation of the anterior
dial gear 220a when the tooth 235a is not engaged with any notch of the anterior dial gear
220a. In FIG. 8B, the anterior knob 230a is illustrated in a rotational position where the tooth
235a is not engaged with any notch 221 of the anterior dial gear. In the illustrated
embodiment, the anterior pawl 240a comprises a C-shape that partially surrounds the anterior
dial gear 220a. Free ends 242 of the anterior pawl 240a are engaged with notches 221 to
prevent or limit rotation. The C-shape of the anterior pawl 240a is configured to be flexible
such that rotation of the dial gear 220a caused by the anterior knob 230a causes the free ends
242 to flex outward allowing the dial gear 220a to rotate. The anterior pawl 240a includes an
aperture 243a that is mounted on a post 143a that extends from the interior surface of the
cover 110 as shown in FIGS. 9A and 9B. Other shapes for the anterior pawl 240a are
possible.

[0076] As shown in FIG. 8B, the keyed shaft 210a of the anterior drive key 210a
extends through an opening in the anterior knob 230a.

[0077] Turning now to the lateral view of FIG. 8C, the anterior dial gear 220a and
the anterior pawl 240a rest substantially on top of the lateral hinge plate 310. Accordingly, in
some embodiments, the anterior dial gear 220a and the anterior pawl 240a are sandwiched
between the lateral hinge plate 310 and the interior surface of the cover 110. The anterior dial
gear 220a can include the series of position indicators 222 on the lateral surface thereof. As
previously noted, the position indicators 222 specify the displacement of the force
application assembly 400 from the hinge 100. The illustrated embodiment shows numbers
one through twelve as the position indicators 222, but other indicators may be used, such as,
colors or symbols.

[0078] As shown in FIG. 8C, the keyed head 211a of the anterior drive key 210 is

received within the keyed recess 231a of the anterior knob 230a. In some embodiments, a
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portion of the anterior knob 230a is configured to rotate spaced laterally above the anterior
dial gear 220a. In some embodiments, the tooth 235a of the anterior knob 230a is located on
a medial protrusion that extends from the medial side of the anterior knob 230a. In some
embodiments, the medial protrusions rests and rotates on the lateral hinge plate 310 and
positions the tooth 235a in the plane of the anterior dial gear 220a and spaces the remainder
of the anterior knob 230a above the anterior dial gear. As illustrated in FIGS. 9A and 9B, in
some embodiments, interior surface of the cover 110 may include an anterior recess 115a.
The anterior recess 115a may be configured to receive a portion of the anterior knob 230a to
secure the anterior knob 230a. For example, in some embodiments, a lateral surface of the
anterior knob 230a includes a shape that fits within the anterior recess 115a of the cover 110.

[0079] Although the preceding description of FIGS. 8B-9C has discussed the
anterior components of the adjustment assembly 200, the posterior components of the
adjustment assembly 200 may be similarly configured.

[0080] Returning to FIG. 8A, as illustrated, the cover 110 can comprise cover
markings 113 on the anterior and posterior edges, two windows 112, a proximal and distal
aperture 114a, 114b, and an anterior and posterior knob opening 116a, 116b, although other
arrangement and features for the cover 110 are possible.

[0081] The hinge mechanism assembly 300, the adjustment assembly 200, and
the cover 110 may be secured together using fasteners, such as rivets 127a, 127b (see FIG.
8A and FIG. 15). The rivets 127a, 127b may extend along the proximal and distal rotation
axes 2a, 2b.

[0082] FIG. 10 shows a lateral partially exploded view of an embodiment of the
force application assembly 400. In the illustrated embodiment, the force application assembly
includes a foam pad 405, the anterior and posterior lead screws 410a, 410b, a loading plate
420, and a condyle shell 430.

[0083] In some embodiments, the foam (or other cushioning material) pad 450 is
preferably made of foam or other suitable material for padding. The foam pad 450 is the
substantially similar to the oval and flat shape of the medial hinge plate 350. In some
embodiments, the foam pad 450 may be approximately 2 mm thick, although other
thicknesses are possible. The foam pad 450 is positioned between the medial hinge plate 350

and loading plate 420. The foam pad 450 has an anterior and posterior aperture 405a, 405b
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corresponding to the anterior and posterior apertures 352a, 352b of the lateral and medial
hinge plates 310, 350. The anterior and posterior apertures 405a, 405b of the foam pad 450
allow the threaded lateral ends 412a, 412b of the lead screws 410a, 410b to extend there
through.

[0084] In some embodiments, the loading plate 420 may be substantially oval
shaped and can include proximal and distal apertures 424a, 424b corresponding to the
proximal and distal apertures 352a, 352b of the hinge plates 310, 350. In the illustrated
embodiment, the posterior and anterior edges of the loading plate 420 are curved in the
lateral direction. The loading plate 420 also can include anterior and posterior slots 421a,
421b that are aligned with the anterior and posterior apertures 405a, 405b of the foam pad
500 along the anterior and posterior adjustment axes 4a, 4b. The anterior and posterior slots
421a, 421b may extend in the anterior/posterior direction and may be located near the center
of the loading plate 420 as measured in the proximal/distal direction. The anterior and
posterior slots 421a, 421b can include a narrow portion at the posterior end 423b and a
narrow portion at an anterior end 422b. The loading plate 420 also includes an anterior slot
421a is substantially identical to the posterior slot 421b, but is a mirror image of the posterior
slot 421b about a line bisecting the loading plate 420 in a proximal/distal direction. The
anterior slot 421a receives a medial end 411a of the anterior lead screw 410a. The posterior
slot 421b receives a medial end 411b of the posterior lead screw 410b.

[0085] In some embodiments, the condyle shell 430 is also substantially oval
shaped and includes proximal and distal apertures 424a, 424b corresponding to the proximal
and distal apertures of the loading plate. In the illustrated embodiment, the posterior and
anterior edges are curved in the posterior direction. A medial surface of the loading plate 420
is secured to a lateral surface of the condyle shell 430. The loading plate 420 is secured to the
condyle shell 430 via a pair of rivets 440a, 440b (see FIGS. 10 and 14) that cooperate with
the proximal and distal apertures 424a, 424b on the loading plate 420 and condyle shell 430.
However, other suitable methods could be used to secure the loading plate 420 and condyle
shell 430.

[0086] FIGS. 11A and 11B show lateral and medial exploded perspective views
of the components of the hinge 100 that allow for lateral/medial displacement of the force

application assembly 100 according to one embodiment. As discussed previously, rotation of
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the anterior knob 230a is transmitted to the lead anterior lead screw 410a by the anterior
drive key 410a. The anterior lead screw 410a is externally threaded and received in the
internally threaded anterior aperture of the medial hinge plate 350. As the anterior lead screw
410a rotates, the threaded engagement between the anterior lead screw 410a and the medial
hinge plate 310 causes the anterior lead screw 410 to telescope in and out (medially and
laterally) relative to the medial hinge plate 350. The anterior lead screw 410a slides along the
keyed shaft 212a of the anterior drive key 210a. The medial end of the anterior lead screw
410a is received in the anterior slot 421a of the loading plate 420. Thus, as the anterior lead
screw 410a telescopes in and out, the anterior portion of the loading plate 420 is displaced in
a lateral/medial direction. The posterior portion of the loading plate 420 is similarly
displaceable by rotation of the posterior knob 430b.

[0087] FIG. 12 shows a detailed perspective view of an embodiment of a drive
key 210 and a lead screw 410. As described above, the drive key 210 includes a keyed head
211 and a keyed shaft 212. In the illustrated embodiment, the lead screw 410 includes an
externally threaded portion 413 and the keyed bore 412, which extends into a lateral end of
the lead screw 410. The medial end 419 of the lead screw 410 includes a first coaxial disk
414 having a diameter larger than that of the threaded portion 412. The medial end 419 also
includes a second coaxial disk 415 that is separated from the first coaxial disk 414 by a
coaxial cylindrical portion 416 having a diameter substantially the same as the threaded
portion 413. A space between the two disks 414, 415 thus defines an annular gap 417. The
two disks 414, 415 and the annular gap 417 are used to secure the medial end 419 of the lead
screw 410 to the loading plate 420.

[0088] FIGS. 13A and 13B show lateral and medial partially exploded
perspective views, respectively, of the hinge 100 according to one embodiment. As shown in
FIGS. 13A and 13B, the gap 417a of the anterior lead screw 410a engages the anterior slot
421a on the loading plate 420, and the gap 417b on the posterior lead screw 410b engages the
posterior slot 421b of the loading plate 420. The disks 414, 415 at the medial ends 419 of the
lead screws 410a, 410b each have a smaller diameter than a width of the wide portions of the
anterior and posterior slots 421a, 421b. However, the disks 414, 415 each have a larger
diameter than a width of the narrow portions of the anterior and posterior slots 423a, 423b.

Further, the cylindrical portions 416a, 416b of each lead screw 410a, 410b between the disks
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414, 415 have smaller diameter than the width of the narrow portions 423a, 423b of the
anterior and posterior slots 421a, 421b. Thus, the anterior lead screw 410a is insertable
within the wide portion 422a of the anterior slot 421a and slidable into the narrow portion
423a of the anterior slot 421a are disposed between the disks 414, 415, such that there is a
small amount of “play” between the loading plate 420 and the lead screws 410a, 410b. The
posterior lead screw 410b is engageable with the posterior slot 421b in the same manner that
the anterior lead screw 410a is engageable with the anterior slot 421a.

[0089] FIG. 14 is a cross-sectional view of the hinge taken along the line 14-14
shown in FIG. 2B. FIG. 15 is a cross-sectional view of the hinge taken along the line 15-15
shown in FIG. 2B.

[0090] The foregoing description details certain embodiments of the systems,
devices, and methods disclosed herein. It will be appreciated, however, that no matter how
detailed the foregoing appears in text, the systems, devices, and methods can be practiced in
many ways. As is also stated above, it should be noted that the use of particular terminology
when describing certain features or aspects of the invention should not be taken to imply that
the terminology is being re-defined herein to be restricted to including any specific
characteristics of the features or aspects of the technology with which that terminology is
associated.

[0091] It will be appreciated by those skilled in the art that various modifications
and changes may be made without departing from the scope of the described technology.
Such modifications and changes are intended to fall within the scope of the embodiments. It
will also be appreciated by those of skill in the art that parts included in one embodiment are
interchangeable with other embodiments; one or more parts from a depicted embodiment can
be included with other depicted embodiments in any combination. For example, any of the
various components described herein and/or depicted in the figures may be combined,
interchanged or excluded from other embodiments.

[0092] The above description discloses several methods and materials of the
present invention. This invention is susceptible to modifications in the methods and
materials, as well as alterations in the fabrication methods and equipment. Such
modifications will become apparent to those skilled in the art from a consideration of this

disclosure or practice of the invention disclosed herein. Consequently, it is not intended that
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this invention be limited to the specific embodiments disclosed herein, but that it cover all
modifications and alternatives coming within the true scope and spirit of the invention as
embodied in the attached claims. Applicant reserves the right to submit claims directed to
combinations and sub-combinations of the disclosed inventions that are believed to be novel
and non-obvious. Inventions embodied in other combinations and sub-combinations of
features, functions, elements and/or properties may be claimed through amendment of those
claims or presentation of new claims in the present application or in a related application.
Such amended or new claims, whether they are directed to the same invention or a different
invention and whether they are different, broader, narrower or equal in scope to the original
claims, are to be considered within the subject matter of the inventions described herein.

[0093] In compliance with the statute, the invention has been described in
language more or less specific to structural or methodical features. The term “comprises” and
its variations, such as “comprising” and “comprised of” is used throughout in an inclusive
sense and not to the exclusion of any additional features.

[0094] It is to be understood that the invention is not limited to specific features
shown or described since the means herein described comprises preferred forms of putting

the invention into effect.
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WHAT IS CLAIMED I8S:

L. A hinge for a knee brace comprising:

a first arm;

a second arm;

a hinge plate, the first arm connected to the hinge plate for rotation about a
first axis and the second arm connected to the hinge plate for rotation about a second
axis, the hinge plate including an internally threaded aperture;

a force application assembly;

an adjustment assembly including

an externally threaded lead screw engaged with the internally threaded
aperture of the hinge plate and having
a medial end connected to the force application assembly, and
a keyed bore extending along a longitudinal axis of the lead
screw from a lateral end of the lead screw toward the medial end,
a drive key having a keyed shaft slidingly engaged with the keyed
bore, and
a knob connected to a lateral end of the drive key such that rotation of
the knob causes rotation of the drive key which causes rotation of the lead
screw through engagement of the keyed shaft and the keyed bore, wherein the
rotation of the lead screw causes the lead screw to move laterally or medially
along the longitudinal axis relative to the hinge plate to cause lateral or medial
displacement of the force application assembly, and wherein the keyed bore
slides laterally or medially along keyed shaft of the drive key as the keyed
bore and the keyed shaft rotate together.
2. The hinge of Claim 1, the adjustment assembly further comprising:

a dial gear comprising a plurality of notches; and

a tooth extending from the knob that engages with the plurality of notches
during at least a portion of a full rotation of the knob such that rotation of the knob
causes rotation of the dial gear.

3. The hinge of Claim 2, the adjustment assembly further comprising a pawl

having a free end that engages with the plurality of notches of the dial gear.
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4. The hinge of Claim 3, wherein the pawl is configured to prevent rotation of
the dial gear when the tooth of the knob and the notches of the dial gear are not engaged.

5. The hinge of any of Claims 3 or 4, wherein the pawl comprises a C-shape that
surrounds a portion of the dial gear.

6. The hinge of any of Claims 2-5, wherein the dial gear is configured to limit
rotation of the knob.

7. The hinge of Claim 6, wherein the dial gear comprises a missing notch that
limits rotation of the knob.

8. The hinge of any of Claims 2-7, further comprising a plurality of position
indicators on the dial gear, one of the plurality of position indicators viewable through a
window in a cover of the hinge depending on a rotational position of the dial gear, the
position indicators indicative of the lateral or medial displacement of the force application
assembly.

9. The hinge of any of Claims 2-8, wherein a distance between the knob and dial
gear is fixed.

10. The hinge of any of Claims 1-9, wherein rotation of the knob causes lateral or
medial displacement of the externally threaded lead screw through the internally threaded
aperture of the hinge plate.

11.  The hinge of any of Claims 1-10, wherein the keyed bore of the lead screw
comprises a D-bore shape and the keyed shaft of the drive key comprises a D-bore shape.

12. The hinge of any of Claims 1-11, wherein the force application assembly
comprises:

a loading plate connected to the medial end of the lead screw; and
a condyle shell.

13. The hinge of any of Claims 1-12, further comprising a spacer between the
force application assembly and the hinge plate, the lead screw extending through an aperture
in the spacer.

14. The hinge of Claim 13, wherein the spacer comprises foam.

15. The hinge of any of Claims 1-14, wherein the hinge plate comprises a medial

hinge plate, the hinge further comprising:
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a lateral hinge plate, the first and second arms positioned between the lateral
hinge plate and the medial hinge plate; and
a cover, wherein the knob and dial gear are positioned between the cover and
the lateral hinge plate.
16. The hinge of Claim 15, wherein a boss extends from an interior surface of the
cover, and wherein the dial gear is mounted on and rotates around the boss.
17. The hinge of Claim 15, wherein the shaft of the drive key extends through an
aperture in the lateral hinge plate.
18. A hinge for a brace comprising;:
a medial hinge plate including
an internally threaded anterior aperture having an anterior axis
extending therethrough, and
an internally threaded posterior aperture having a posterior axis
extending therethrough;
a force application assembly;
an anterior adjustment assembly aligned along the anterior axis and a posterior
adjustment assembly aligned along the posterior axis, each including
an externally threaded lead screw engaged with the internally threaded
anterior aperture or the internally threaded posterior aperture of the medial
hinge plate and having
a medial end connected to the force application assembly, and
a keyed bore extending along a longitudinal axis of the lead
screw from a lateral end of the lcad screw toward the medial end,
a drive key having a keyed shaft slidingly engaged with the keyed
bore, and
a knob connected to a lateral end of the drive key such that rotation of
the knob causes lateral or medial displacement of the force application
assembly
wherein an anterior adjustment indicator assembly associated with the
anterior adjustment assembly and a posterior adjustment indicator assembly

associated with the posterior adjustment assembly, each of the anterior
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adjustment indicator assembly and the posterior adjustment indicator
assembly comprising:
a dial gear comprising a plurality of notches; and

a tooth extending from the knob that engages with the plurality of
notches during at least a portion of a full rotation of the knob such that
rotation of the knob causes rotation of the dial gear.

19. The hinge of Claim 18, wherein the anterior adjustment assembly and the
posterior adjustment assembly are independently adjustable.

20. The hinge of any of Claims 18 or 19, wherein the internally threaded anterior
aperture and the internally threaded posterior aperture are aligned along a central transverse
axis of the medial hinge plate.

21. The hinge of any one of Claims 18 to 20, the adjustment assembly further
comprising a pawl having a free end that engages with the plurality of notches of the dial
gear.

22. The hinge of Claim 21, wherein the pawl is configured to prevent rotation of
the dial gear when the tooth of the knob and the notches of the dial gear are not engaged.

23. The hinge of Claim 18, further comprising a cover including a circular
anterior boss extending from an interior surface of the cover and a circular posterior boss
extending from an interior surface of the cover, and wherein the dial gears are mounted on
and rotate around the bosses.

24. The hinge of Claim 23, wherein the anterior axis extends through the anterior
boss and the posterior axis extends through the posterior boss.

25. The hinge of Claim 24, wherein the anterior boss is offset from a center
longitudinal axis of the cover toward an anterior side of the hinge and the posterior boss is

offset from the center longitudinal axis of the cover toward a posterior side of the hinge.
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