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ORTHOPEDIC DEVICE HAVING A SUSPENSION ELEMENT

[1]  FIELD OF THE DISCLOSURE

[2] The disclosure relates to orthopedic devices, and more particularly to a

suspension element and corresponding system for supporting a brace component.
[3] BACKGROUND

[4] Suspension systems are known in the art of orthopedic devices for supporting a
mechanism, shell, strap or other component on the user’s body. Known suspension
systems have symmetric properties, such that they are elastic or inelastic uniformly in
different directions, such as vertical and horizontal. As muscle tissue does not expand
or contract uniformly or symmetrically, either during rest or movement, these
suspension systems offer imperfect solutions for suspending brace components on the
human body. Limbs are not of uniform dimensions and may form a variety of

asymmetrical shapes.

[5] The human thigh comprises quadriceps muscles, including the rectus femoris,
vastus lateralis, vastus medialis, and vastus intermedius, that flex in different directions
as theleg is moved, creating an asymmetric profile in flexion as compared to extension.
Similar asymmetries are also observed in the lower leg, arms, shoulders, and other body
parts. Components of an orthopedic device arranged statically over the thigh may apply
pressure, padding, or other features to the leg asymmetrically during use, leading to
sub-optimal bracing. A brace component may rather need to maintain its location at
particular height of a body part but may need the ability to translate laterally along the
height as the profile of the body part changes for best functionality.

[6] Known suspension systems, such as straps or pads, seek to provide sufficient
strength but consequently offer poor breathability. It follows that, to the contrary, if the
suspension system is too breathable, it may not have sufficient strength to support the
brace components. Often, to balance strength and breathability, suspension systems are
bulky, uncomfortable, costly, and may limit mobility for users wearing the orthopedic

device.

[7] Suspension systems typically function only to support a brace component, and
overlie on the user’s body, serving as a buffer and carrier between the brace component

and the user. The suspension systems do not interact or functionally operate with the
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brace component, adding to bulk and additional components, while missing an

opportunity to offer better support of the brace component on the body.

[8] Certain existing suspension systems have limited adaptability and freedom to
cooperate with the user, being too rigid or too limited in degrees of freedom. Certain
suspension systems are bound to the frame of an orthopedic device and are limited in

motion and adjustability by the position of the frame.

[9] Therefore there is a need for a suspension system that can better adapt to muscle
tissue movement and the shape of a limb when worn with an orthopedic device. The
suspension system must balance strength and breathability, and offer the ability to
functionally operate with the brace component, the frame of the orthopedic device, or

other brace components.
[10] SUMMARY

[11] According to an embodiment of the orthopedic device having a suspension
element, the suspension element has properties permitting better control of a location
of a brace component on a user’s body, and enhanced tailoring of properties of the
suspension element according to movement of the user. The suspension element
therefore permits articulation of the brace component relative to the frame and can
circumferentially secure to a user’s anatomy without interference from the frame of the

orthopedic device.

[12] The suspension element may control the vertical position of a brace component,
so the location of force exerted by the brace component is on a thigh and corresponding
to a femur at a set height and centered on the leg of the user despite asymmetrical
movements and/or shapes generated by the leg by having anisotropic properties. The
suspension element is inelastic in the generally vertical position thereby controlling the
height of the brace component to a desired location but is elastic in a generally
horizontal position to stretch in left and right directions to accommodate differently
sized legs and movement of the leg. In an alternative embodiment, the suspension
element is elastic in the generally vertical position and is inelastic in the generally

horizontal position.

[13] In another embodiment, the suspension element may control the position of a
brace component with an advantageous shape of the suspension element and/or

connecting portions between the orthopedic device and the suspension element,
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allowing the suspension element and brace components suspended therefrom to
articulate independently and/or relative to the frame of the orthopedic device. A
suspension element may comprise a geometry, such as a tapered portion, hourglass
shaped portion or suitable shape, at which the suspension element attaches to the frame,
additionally with straps forming a circumferential loop around the user’s anatomy and
independent of the frame. The circumferential loop adapts and conforms to an
individual, asymmetric shape of a user’s leg without interference from the frame of the

orthopedic device.

[14] An exemplary brace component is a tensioning mechanism capable of
tensioning a cable or cable segments relative to a frame of the orthopedic device,
although other brace components may be used when suspension of such brace

component is desired.

[15] The suspension element is lightweight, low-profile, and significantly breathable
when compared to conventional textile or polymeric straps. The suspension element
covers significant surface area to better distribute pressure over a user’s leg, as opposed
to a strap or pad located in a limited, discrete area and applying pressure only in such
area. The larger coverage of surface area may improve proprioception of the orthopedic
device and encourage users to more consistently wear the orthopedic device, thus
enhancing the effectiveness of the orthopedic device and resulting in safer use of the
orthopedic device. The larger surface area coverage navigates the tension between
breathability and strength, as breathability features may be provided in sufficient
quantities for enhanced breathability and distributed over enough area to not

compromise overall strength of the suspension element.

[16] The suspension element is arranged to move or articulate relative to the frame
of the orthopedic device in a controlled manner. In the instance of the suspension
element having anisotropic properties, the controlled manner relates to movement or
articulation in desired directions and to desired degrees, while comparatively restricting
movement in other directions, due to anisotropic properties of the suspension element
and/or due to the shape and arrangement of components. In the instance of the
suspension element having geometrical properties, the controlled manner of the
suspension element is arranged to allow the brace component to move or pivot relative

to the frame only in desired directions and to desired degrees. It will be noted that the
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suspension element may be configured in combination with the features of both

anisotropic properties and geometry to achieve the articulation in a controlled manner.

[17] The suspension element is adapted to cooperate with the brace frame or features
depending therefrom, and the brace component to better interlock such features of the
orthopedic device. The suspension element is provided with features to increase
durability, particularly in combination with features of a brace component such as

cables extending therefrom and cooperating therewith.

[18] The suspension element is arranged to securely and efficiently connect to the
frame of the orthopedic device. The suspension element may be cheaper to provide in
comparison to foam or textile materials used in conventional orthopedic devices, owing

to its simplified construction.

[19] The numerous other advantages, features and functions of embodiments of an
orthopedic device having a suspension element will become clear and better understood

in view of the following description and accompanying drawings.
[20] BRIEF DESCRIPTION OF THE DRAWINGS

[21] Fig 1 is a perspective view of an orthopedic device having a suspension

element.

[22] Fig 2A is a front view of an embodiment of the orthopedic device having a

suspension element of Fig. 1.
[23] Fig 2B is arear view of the embodiment of Fig. 2A.
[24] Fig. 3 is a detail view taken from detail Il in Fig. 2A.

[25] Fig 4 is a detail view showing a different embodiment of a frame in the

orthopedic device having an anisotropic suspension element.

[26] Fig. S is a schematic view of a support interface for connecting a suspension

element to a frame of an orthopedic device.

[27] Fig. 61sadetail view of a rear side of a tensioning mechanism in the orthopedic

device of Fig. 2A.

[28] Fig. 71isaschematic view of overlaying an arm of a tensioning mechanism over

an arm of a support interface in the orthopedic device of Fig. 2A.
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[29] Fig. 8 is a schematic view showing flexibility of arms of a tensioning

mechanism being inserted into sleeves of the suspension element.

[30] Fig. 9 is a schematic view showing a reinforced edging of the suspension

element in Fig. 2A.
[31] Fig 10A is a front elevational view of a retainer for a tensioning mechanism.
[32] Fig. 10B is a cross-sectional view taken along line 10B-10B in Fig. 10A.

[33] Fig. 11isanelevational view showing another orthopedic device having another

embodiment of a suspension element.

[34] Fig. 121is an elevational view showing schematically the suspension element of
Fig. 11 in an open configuration from a perspective of a frontal view of the orthopedic

device.

[35] Fig. 13 is an elevational view showing schematically the suspension element of
Fig. 11 in a closed configuration from a perspective of a rear view of the orthopedic

device.
[36] DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS

[37] For ease of understanding the disclosed embodiments of an orthopedic device
having a suspension element, the anterior and posterior portions of the orthopedic
device may be described independently. Anterior and posterior portions of the
orthopedic device function together to support and stabilize anatomical portions of the

user of the device.

[38] For further ease of understanding the embodiments of an orthopedic device as
disclosed, a description of a few terms, when used, is necessary. As used, the term
"proximal" has its ordinary meaning and refers to a location next to or near the point of
attachment or origin or a central point, or located toward the center of the body.
Likewise, the term "distal" has its ordinary meaning and refers to a location situated
away from the point of attachment or origin or a central point, or located away from the
center of the body. The term "posterior" also has its ordinary meaning and refers to a
location behind or to the rear of another location. Lastly, the term "anterior" has its

ordinary meaning and refers to a location ahead of or to the front of another location.

[39] The terms "rigid" and "flexible" may distinguish characteristics of portions of

certain features of the orthopedic device. The term "rigid" should denote an element of
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the device is generally devoid of flexibility. Within the context of frame or support
members or shells that are "rigid," it should indicate that they do not lose their overall
shape when force is applied, and they may break if bent with sufficient force. As for
the term "semi-rigid," this term is used to connote properties of features that provide
support and are free-standing; however such features may have some degree of
flexibility or resiliency. The term "flexible" should denote that features are capable of
repeated bending such that the features may be bent into retained shapes or the features
do not retain a general shape, but continuously deform when force is applied. The term
"resilient" is used to qualify such flexible features as generally returning to an initial

general shape without permanent deformation.

[40] The orthopedic device described in this disclosure resembles a variation of the
orthopedic device described and shown in U.S. application no. 15/016,794, filed
February 5, 2016, modified according to this disclosure. Using the features,
components, properties and uses described herein, however, are not limited to being
used in the orthopedic device of U.S. application no. 15/016,794, but may be considered

useful in other orthopedic or medical devices.

[41] Fig. 1 depicts in perspective view an orthopedic device 100 having a suspension
element 106. The orthopedic device 100 may comprise a frame 102 having upper and
lower parts corresponding to a user’s upper and lower legs, respectively. The
suspension element 106 suspends a brace component 104 over a portion of the user’s
leg, with the brace component 104 having a cable or cable segments 108 attaching to
the frame 102. Straps, hinges, and other orthopedic components may be provided along
the frame 102. In the depicted embodiment, the brace component 104 is suspended
independently and circumferentially by the suspension element 106 over and about the

user’s thigh.

[42] Fig. 2A illustrates a front elevational view of the orthopedic device 100 having
the frame 102, the brace component 104, and the suspension element 106 supporting
the brace component 104, and connecting the brace component 104 to the frame 102
such that the suspension element 106 has anisotropic properties. The anisotropic
properties include the suspension element 106 being generally or completely inelastic
in a vertical direction and generally elastic in a horizontal direction. In other
embodiments, the suspension element 106 is inelastic in a horizontal direction and

elastic in a vertical direction.
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[43] In an exemplary embodiment, the suspension element 106 is a flexible mesh
sheet having the aforementioned anisotropic properties. The mesh sheet may define a
plurality of openings 116 arranged in a predetermined pattern, as shown in the
illustrated embodiments. The openings 116 may have a shape or configuration that
permits elasticity in a particular direction and inelasticity in another direction, and/or
may be arranged in a pattern that provides anisotropic properties. The openings 116
may be further arranged for enhanced breathability. In other exemplary embodiments,
the suspension element 106 may be a polymeric sheet exhibiting the desired anisotropic
properties and may be breathable by having porosity. Other materials may be used for
the suspension element, particularly those with anisotropic properties. The suspension
element 106 may be arranged as a flexible sheet. As regards “flexible,” the suspension
element 106 may be easily pliable and bendable from a first configuration to a second
configuration without readily compromising the integrity of the suspension element

106.

[44] In the illustrated embodiment, the anisotropic properties of the suspension
element 106 permit better and independent control of a location of a brace component
104 on a user’s body, and the inelastic/elastic properties of the suspension element 106
may be tailored to the anatomy and movement of the user. The suspension element 106
may control the vertical position of a brace component 104 so the location of force
exerted by the brace component 104 is on a user’s femur at a set height and centered on
the leg of the user. The suspension element 106 is inelastic in the generally vertical
direction, thereby controlling the height of the brace component 104, but is elastic in a
generally horizontal position to stretch in left and right directions, accommodating
differently sized legs and certain asymmetrical muscle/leg movements without causing
undesired translations of the brace component 104 or the orthopedic device 100, and

without causing discomfort such as through pressure points.

[45] As regards “anisotropic,” the suspension element 106 may have different
properties in different directions. The suspension element 106 may be more elastic in
certain directions than in other directions, or may be elastic in a certain direction and
devoid of elasticity or inelastic in another direction. The different properties may stem

from different materials, different shapes, both, or other factors.

[46] The suspension element 106 is lightweight, low-profile, and significantly

breathable when compared to conventional textile or polymeric straps. The suspension
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element 106 covers significant surface area to better distribute pressure over a user’s
leg, as opposed to a strap or pad located in a discrete area and applying pressure only
in such area, which can lead to pressure points, discomfort, improper use, and undesired
translation of the brace component 104 along a user’s leg. The larger coverage of
surface area by the suspension element 104 may improve proprioception of the
orthopedic device 100, and thereby encourage users to more consistently wear the

orthopedic device 100.

[47] The suspension element 106 is adapted to cooperate with the frame 102 or
features depending therefrom, and the brace component 104, to better interlock such
features of the orthopedic device 100. The suspension element 106 is provided with
features to increase durability, particularly in combination with features of the brace

component 104 such as cables extending therefrom.

[48] The suspension element 106 is arranged to securely and efficiently connect to
the frame 102 of the orthopedic device 100. The suspension element 106 may be
significantly cheaper to provide in comparison to foam or textile materials used in
conventional orthopedic devices, owing to its simplified construction. In the depicted
embodiment, there are no straps, buckles, tensioners, or other components associated
with the suspension element 106, facilitating a suspension element that is easier and

cheaper to produce with its attendant functional advantages.

[49] The exemplary brace component 104 is described as a tensioning device that is
similar to the tensioning mechanism described in U.S. application no. 14/311,548. The
teachings of the disclosure pertaining to the exemplary brace component 104, including
providing improved breathability, strength, and anisotropic properties through the
suspension element 106, may be applied to any component of any brace device. Other
brace components may include stays, struts, padding, straps, and other common

components found in the bracing arts.

[50] In the illustrated embodiment, the brace component 104 is a tensioning device
104 which includes at least one cable 108 extending to the frame 102. A body 105 of
the tensioning device 104 is substantially rigid, particularly compared to the suspension
element 106 which is flexible, particularly relative to the frame 102. A guide 118 is
secured to the frame 102 and receives the at least one cable 108, to be routed along the

frame 102 as indicated in known braces. The guide 118 advantageously secures the at
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least one cable 108 to the frame but shrouds the cable 118 at the sides of the frame 102
such that interference with or damage to the at least one cable 118 by outside contact is

avoided.

[51] The frame 102 includes a first portion 110 extending between first and seconds
struts 112a, 112b the first and second struts 112a, 112b arranged on medial and lateral
sides of the orthopedic device 100. The tensioning device 104 includes a peripheral
edge 114 securing to the suspension element 106. The frame 102 is rigid and the
suspension element 106 is flexible, particularly compared to both the frame 102 and the

tensioning device 104.

[52] As shown in the exemplary embodiment of Figs. 2A and 2B, the suspension
element 106 is enclosed by the frame 102 and the tensioning element 104. A periphery
of the suspension element 106 is connected to both the frame 102 and the tensioning
element 104. An entirety of a periphery of the suspension element 106 may be enclosed
by the frame 102 and the tensioning device 104, inclusive of arms of the tensioning
device described below, such that the suspension element 106 spans a space between
the tensioning device 104 and the frame 102. However, a reinforcement edging either
applied onto or forming part of the suspension element 106 may likewise form part of
the periphery of a mesh sheet of suspension element 106 entirely enclosed by the frame

102 and the tensioning device 104.

[53] The tensioning device 104 suspends from the suspension element 106, whereby
with the illustrated embodiment, the tensioning device 104 hangs from a lower or distal
portion of the suspension element 106, and the sides of the tensioning device 104
connect medially and laterally to first and second struts 112a, 112b. The first and second
struts 112a, 112b may extend distally beyond the tensioning device 104 in a direction
away from the first portion 110 of the frame 102 such that the tensioning device 104 is
between the first portion 110 and end portions 113 of the first and second struts 112a,
112b. This arrangement permits the tensioning device 104 to be adjustable relative to
the first portion 110 and the first and second struts 112a, 112b to accommodate a user’s

anatomy.

[54] The tensioning device 104 may be arranged to translate laterally to be closer to
the first strut 112a during a flexion motion of the leg, and centrally between the first

and second struts 112a, 112b during extension. The tensioning device 104 may remain
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at a same height during his lateral/medial translation owing to the anisotropic properties
of the suspension element 106, preventing elongation and displacement in vertical

directions.

[55] According to Fig. 3, the suspension element 106 only secures along a first
segment to the tensioning device 104, a second segment of the tensioning device 104
being devoid of the suspension element 106. A first segment 111a of the tensioning
device 104 is directed proximally toward the first portion 110, whereas the second
segment 111b of the tensioning device 104 is located opposite to the first segment 111a
and extends distally toward the end portions 113. In an exemplary embodiment only
the first segment 111a defines a flange or peripheral edge 114. The flange 114 is
preferably flexible relative to the body 105 of the tensioning device 104. The
suspension element 106 is shown as being stitched to the flange 114, but may be secured
thereto with other means such as adhesive, co-molding, or fasteners (either permanent
such as by rivets or removable such as by hook and loop), facilitating easy removal,
cleaning, and/or replacement of the suspension element 106 and/or the tensioning

device 104.

[56] Fig. 4 shows that the frame 102 may have a covering 134, such as a metal frame
being encased by foam, whereby a segment of a periphery 136 of the suspension
element 106 is secured to the covering 134. The covering 134 may be a polymeric
material having compressibility greater than the frame 102, and the frame material
surrounded by the covering 134 may be a rigid material. The rigid material may be a
malleable metal, including aluminum, or other materials such as titanium, steel,
composite, etc. Preferably, however, the covering 134 is softer than the material
forming the frame 102. In other embodiments, the covering 134 may be formed from a

polymeric overmold.

[57] Referring to Fig. 2B, an interface 120 is secured along the frame 102, and the
suspension element 106 secures along the interface 120. The interface 120 is preferably
a flexible material arranged to generally conform to the shape of the frame 102, and is
easier to adhere or secure the suspension element 106 to than the frame 102. In an
exemplary embodiment, the interface 120 is a plastic material, and the frame 102 is
substantially more rigid than the interface 120. The interface 120 is attached to the

frame 102 by at least one fastener 124, or by other known means. The interface 120
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may further offer comfort and pressure relief to a user, as the interface 120 may be

disposed on an inner surface of the frame 102.

[58] The interface 120 defines an inner peripheral edge 122 along which the
suspension element 106 secures. The peripheral edge 122 may be coextensive with an
inner peripheral edge 123 of the frame 102, and a peripheral edge of the suspension
element 106 may be located or secured between the peripheral edges 122, 123 of the
frame 102 and the interface 120, respectively. As shown, the peripheral edge of the
suspension element 106 is stitched or fastened along the peripheral edge 122 of the
interface 120. The interface 120 alternatively or additionally may include a plurality of
fastener elements 128 for engaging padding and/or a liner for securing along the frame
102. The fastener elements 128 may comprise hook and loop fastener or any other

suitable fastening device.

[59] Turning to Figs. 2B, 7, and 8, an embodiment of the orthopedic device is
depicted, wherein the suspension element 106 defines a sleeve portion 126 located
along a periphery thereof, for example along a side not arranged along the frame 102.
The sleeve portion 126 is preferably formed from a more resilient, stiffer, and/or rigid
material than a material forming a sheet portion 162 of the suspension element 106

outside of the sleeve portion 126.

[60] The sleeve portion 126 may include a padded section 115 located along an inner
side of the sleeve portion 126. The padded section 115 extends underneath and
underlies the tensioning device 104 and the cables 108 or other elements extending
therefrom along at least a portion thereof to provide greater comfort to a user and to
eliminate or mitigate pressure points by extending between the user’s skin and any rigid

components of the orthopedic device 100.

[61] Turning now to Fig. 5, a support interface 138 for securing a suspension element
to an orthopedic device defines a first portion 146 spanning a distance between first and
second segments 143, 145, the first portion 146 generally corresponding in
profile/shape to the first portion 110 of the frame 102, and the first and second segments
143, 145 generally corresponding to the first and second struts 112a, 112b of the frame
102. The interface 138 defines first and second wings 140a, 140b extending from corner
portions 142 of the first and second segments 143, 145, the first and second wings 140a,

140b extending into the sleeve portion 126 of the suspension element 106. The interface
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138 defines first and second corner portions 142a, 142b and a joint 144 at the corner
portions 142a, 142b between the first and second segments 143, 145, the joint 144
defining a recessed opening between the first and second segments 143, 145 and the
first and second wings 140a, 140b. The first and second wings 140a, 140b flexibly
depend from the corner portions 142a, 142b. By providing portions 146, segments 143,
145, and wings 140a, 140b, the support interface 138 may closely track the shape of a
frame 102 and provide a secure attachment of a suspension element between the support

interface 138 and the frame 102.

[62] Turning now to Figs. 6, 7, and 8, the tensioning device 104 defines first and
second arms 148a, 148b arranged to extend into the sleeve portion 126, and to overlap
at least in part with the first and second wings 140a, 140b of the support interface 138
in the sleeve portion 126. First and second portions of the cables 108a, 108b likewise
extend from the tensioning device medially and laterally, respectively. The sleeve
portion 126 defines an opening 152 into which the first and second arms 148a, 148b
extend. The sleeve portion 126 is formed at least in part by a reinforced edge 150 of the
suspension element 106, which may be formed by stitching, adhesives, added material,
or other suitable means. The reinforced edge 150 may define a channel through which

the first and second arms 148a, 148b may extend and translate.

[63] The first and second wings 140a, 140b of the support interface 138 and the first
and second arms 148a, 148b of the tensioning device 104 extend in opposed directions
relative to one another in the sleeve portion 126, overlapping over at least a portion of
each respective pair of wings and arms. The wings and arms may increase or decrease
the degree of overlap as the tensioning device 104 translates medially or laterally

relative to the frame 102.

[64] In an embodiment, the first and second arms 148a, 148b may define an inner
channel or cavity sized and configured to allow a respective one of the first and second
wings 140a, 140b to enter and translate within. As the tensioning device 104 moves
laterally or medially at a fixed height in response to a changing configuration of the
user’s leg, the wings 140a, 140b may extend into the cavity defined within the arms
148a, 148D to a different extent allowing the degree of overlap to be variable. In other
embodiments, the arms 148a, 148b and wings 140a, 140b may overlap in different

suitable manners.
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[65] By providing the first and second arms 148a, 148b and the first and second
wings 140a, 140b with a variable degree of overlap, and in combination with the
suspension element 106, the suspension element 106 may move relative to the frame
102 in a controlled manner. As regards to the term “controlled manner,” the suspension
element 106 facilitates movement in desired directions and to desired degrees, while
comparatively restricting movement in other directions, due to anisotropic properties
of the suspension element 106 and/or due to the shape and arrangement of components

such as the arm and wing combinations within the sleeve portion 126.

[66] Thefirst and second arms 148a, 148b flexibly extend from the tensioning device
104. The cables 108a, 108b engage a winding mechanism (not shown) of the tensioning
device 104 and at least a portion of the cables 108a, 108b extend over the first and
second arms 148a, 148b as the cables 108a, 108b extend towards the frame 102. By
providing the overlapping arrangement of the first and second wings 140a, 140b with
the respective arms 148a, 148b of the tensioning device 104, the suspension element
106 can suspend the tensioning device 104 in a manner that ensures that the tensioning
device 104 is suspended at a fixed height relative to the frame 102, but in a variable

lateral location that may change based on the configuration of the user’s leg.

[67] The arrangement of the wings 140a, 140b and arms 148a, 148b to be partially
overlapping on either side of the tensioning device 104 allows the tensioning device
104 to secure to the frame 102 without being limited in its needed movement by the
frame 102, such as if the tensioning device 104 were secured via a strap to the frame
102. The tensioning device 104 is independently movable relative to the frame 102 as
the degree of overlap between respective wings 140a, 140b and arms 148a, 148b
changes during use, allowing for greater flexibility as the user’s leg changes in
dimensions and the tensioning device 104 is required to shift either laterally or medially

to provide optimal functionality.

[68] Turning now to Fig. 9, the reinforced edge 150 defines a covering 156 over
which the cable ends 108a, 108b are arranged to extend. The covering 156 may be
formed from a polymeric material that is formed over and interlocks with the sheet
material of the suspension element 106. The covering 156 is formed from a material
more resilient, thicker and/or tougher than the sheet portion 162. The covering 156
defines at least one bolster 160, preferably at least two, that forms a channel 158 along

which the cable ends 108a, 108b extend. The channel 158 maintains the path of the
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cable 108 relative to the tensioning device 104, according to placement or suspension

by the suspension element 106.

[69] Fig. 8 shows the tensioning device 104 in a maximum translation location. The
flange 130, when secured to the suspension element 106, will cause the suspension
element 106 to stretch to allow the entire assembly (inclusive of the tensioning device
104 and the suspension element 106) to move to this position. As the cable 108 is
tightened, the tensioning device 104 will move closer to the suspension element 106
and the arms 148a, 148b will move relative to the subshell extensions in the directions

of the arrows.

[70] Figs. 10A and 10B depict a retainer such as a cradle 109 capable of removably
holding the brace component 104 of the aforementioned embodiments. The cradle 109
may be formed from a resilient and semi-rigid material enabling the brace component
104 to be wedged among features of the cradle 109 and held in place during use. The
cradle 109 may be formed from an EVA (i.e., ethylene-vinyl acetate) to better enable
manipulation of the cradle 109 for adding and removing the brace component 104, and

adapting to the anatomy of the user upon which the cradle 109 is placed.

[71] The cradle 109 may be formed from a resilient and structural foam, such as a
closed-cell foam as in EVA, to provide cushioning and comfort when or as the brace
component 104 presses against or toward a user’s anatomy, and allowing the structures
defined by the cradle 109 to return to their original configuration after a force has been
applied and released. For instance, a user or clinician may insert the brace component
104 into the cradle 109 by temporarily deforming resilient structures defined thereon
and allowing the resilient structures to return to their original shape around the brace

component 104, holding the brace component 104 in place.

[72] The cradle 109 provides ease of use on initial fitting, and serves as a buffer
between the brace component 104 and with a brace liner, as discussed in greater detail
below. The cradle 109 preferably has at least one attachment segment 169 adapted to
secure to the suspension element 106, such as by stitching or adhesive, and may be
segmented about the periphery of the brace component 104. The cradle 109 is not
limited to EVA or closed-cell foam; rather, any suitable material may construct the
cradle 109, especially regarding the resilience and manipulability of the cradle 109 in

the depicted embodiment.
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[73] The cradle 109 may have a securing feature such as at least two resilient lips
164, 166 adapted to secure about and over at least a portion of the brace component
104. In the depicted embodiment, the at least two lips 164, 166 are opposed to one
another and spaced apart by clearances 168, 170 formed alongside portions of the cradle
109, whereas the at least two lips 164, 166 are located at upper and lower portions of
the cradle 109, respectively. The cradle 109 may include more than two lips adapted to
secure about the periphery of the brace component 104, however in the depicted
embodiment, the clearances 168, 170 are provided as passageways for cable segments

extending from side portions (i.e., lateral and medial sides) of the brace component 104.

[74] The first lip 164 has an overhang or contoured flange 165 adapted to extend
over an upper portion of the brace component 104. A first groove 172 is provided to
fittingly correspond to a peripheral edge of the brace component 104. The second lip
166 likewise has an overhang or contoured flange 167 adapted to extend over a lower
portion of the brace component 104. The second groove 176 is also provided to fittingly

correspond to a peripheral edge of the brace component 104.

[75] The cradle 109 has a front, inner surface 162 contoured for the brace component
104 to abut against. The cradle 109 also has a rear outer surface 174 that may be
contoured or define a contoured profile according to corresponding anatomy or
anatomical profiles or geometry against which the cradle 109 is placed; for example,
the contoured profile defined by the outer surface 174 may define a concavity arranged

to closely and fittingly engage with the user’s thigh.

[76] Contours of the inner and outer surfaces 162, 174 may share the same shape, or
alternatively there may be a mismatch if the surface of the brace component 104 differs
from the anatomical surface upon which the inner and outer surfaces abut, respectively.
As shown in following embodiments, a padding or liner may be located between the
cradle 109 and the anatomy. The means for retaining the brace component 104 by the

cradle 109 is exemplary and may be adapted to the shape of the brace component 104.

[77] Fig 11 exemplifies another embodiment of an orthopedic device 200 with a
suspension element 201 arranged to position a brace component 104, as discussed in
the foregoing embodiments. The orthopedic device 200 may be similar to the
orthopedic device 200 of Fig. 1, and has a frame 202 which may be rigid. A frame liner
204 1s arranged between the user and the frame 202, and has portions 204a, 204b that
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extend along the frame 202, and may have a periphery that extends beyond the
periphery of the frame 202. Particularly, an extending portion 204a extends
downwardly from the frame 202 to a seam 206 whereat an upper segment 207 of the

suspension element 201 extends from a base portion 208.

[78] The surface area of the base portion 208 may extend over a substantial portion
of a user’s anatomy to better distribute forces incurred by the tensioning mechanism.
The material forming at least the base portion 208 may have inherent compressibility,
over such as a conventional strap, to offer cushioning over the user’s anatomy. The
concept of the larger surface area of the base portion may be similar to the foregoing

embodiments according to Fig. 1.

[79] The extending portion 204a and the upper segment 207 may be continuously
formed such that there is no seam, whereby the frame liner 204 and suspension element
201 are formed in a unitary structure. The unitary structure may be formed from
unbroken loop textile material, three-dimensional spacer material or a polymeric
material, such as EVA. However, the unitary structure may be formed from different
material, such as different segments being secured to one another (i.e., the extending
portion 204a being of an EVA material or three-dimensional spacer material, and the
suspension element 201 is an unbroken loop textile material). Other suitable materials
may be suitable for providing a suspension element 201 and a frame liner 204 that
provide controlled movement of the suspension element 201 relative to the frame 202.
In certain embodiments, the frame liner 204 is stationary relative to the frame 202, and
the suspension element 201 is movably or pivotably attached to the frame liner 204
such that the suspension element 201 moves relative to the frame 202 and the frame

liner 204,

[80] The shape of the extending portion 204a may taper in width as it approaches the
upper segment 207 to reduce coverage over a user’s anatomy, and facilitate movement
of the suspension element 201 toward the user. At least one attachment segment 169
may secure to the suspension element 201 by suitable means, such as stitching or an
adhesive. Alternatively, or in addition to, the upper segment 207 may taper in width as
it approaches the extending portion 204a, thereby forming an hourglass-like geometry.
The tapering width of the extending portion 204a and/or the upper segment 207 may
provide for controlled movement of the suspension element 201 relative to the frame

200.
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[81] The shape or geometry of the suspension element 201 may determine whether
the suspension element 201 and any components suspended therefrom (if any) may
move relative to the frame 202, whether proximally/distally, medially/laterally, or
anteriorly/posteriorly. In the depicted embodiment, the tapering of the extending
portion 204a coupled with the shape of the upper segment 207 may define a particular
geometry suitable for the intended movement of the base 208 and the brace component
104 relative to the frame 202. In the depicted embodiment, the geometry of the
connection between the upper segment 207 and the extending portion 204a is an

hourglass shape, but other geometries are contemplated.

[82] The extending portion 204a centers the suspension element 201 relative to the
frame 202 and a user’s anatomy along axis C. While in the illustration of Fig. 11, the
extending portion 204a centers the suspension element 201, it may position the
suspension element 201 in other configurations relative to the frame 202, such as offset
from a center axis, particularly as required by a shape of the anatomy, which may be

dynamic during use.

[83] The suspension element 201 is arranged to position the brace component 104 at
a relative position on a user’s leg. The length of the extending portion 204a and the
upper segment 207 axially position the brace component 104 a first distance D1, which
may be predetermined, along a user’s leg from a periphery of the frame 202, as in a
lower periphery of the frame 202 in view of the depiction in Fig. 11. The base portion
208 of the suspension element 201 extends axially a second distance D2, which may be

predetermined, from the first distance D1.

[84] The suspension element 201, including the extending portion 204a, may be
substantially inelastic to assure that the first and second distances D1, D2 remain
constant. The suspension element 201 may be anisotropic so that is it elastic in a first
direction, such as laterally L1 (i.e., extending between lateral and medial sides of the
orthopedic device) or longitudinally L2 (i.e., length of leg or longitudinal axis of the
leg). The elasticity may vary relative to lateral L1 and longitudinal L2 directions, such

that elasticity in one direction is more than elasticity in another direction.

[85] Referring to Figs. 11-13, the suspension element 201 is unitary with the frame
liner 204, as they form a continuous structure. The suspension element 201 tethers from

the frame liner 204 and extends from the frame 202. As such the suspension element
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201 can articulate relative to the frame 202, such as inwardly toward the user, or
outwardly away from the user. The suspension element 201 includes first and second
strap portions 214a, 214b extending from opposed sides thereof, e.g. medial and lateral
sides, and are adapted to circumferentially extend about a user’s anatomy with the base
portion 208 to form a continuous or circumferential loop. The circumferential loop
preferably extends within opposed first and second struts 212a, 212b of the frame 202,
but independently secures to a user’s anatomy between the opposed struts 212a, 212b.
The circumferential loop allows for the brace component 104 to be located and function
generally independently from the frame 202 aside from being suspended or tethered
from the frame, as the struts 212a, 212b do not interfere with the functioning of the
brace component 104. As regards “circumferential loop,” a complete circumscription

of the user’s anatomy, e.g. a thigh, is affected by the circumferential loop.

[86] In particular, as the first and second strap portions 214a, 214b form a
circumferential loop surrounding the user’s anatomy, the brace component 104 is
supported directly on and in close engagement with the user’s anatomy while being
allowed to pivot in a direction about the attachment between the suspension element
201 and the frame liner 204. In the depicted embodiment, the brace component 104 is
a dynamic tensioning system and the suspension element 201 may pivot anteriorly and
posteriorly relative to the frame 202, particular during gait or as the dynamic tensioning
system 104 is tensioned. The pivoting arrangement of the suspension element 201 and
the independent straps 214a, 214b allow an off-the-shelf orthopedic device 200 to more
closely fit the anatomy and needs of a particular user, as different users may require
different degrees of tension in the dynamic tensioning system and may have differently

sized anatomy.

[87] The pivoting arrangement also allows the orthopedic device 200 to have greater
effectiveness as the brace component can move to an advantaged location in a
controlled manner independent of movement of the frame 202 of the orthopedic device
200. As regards to the “controlled manner,” the suspension element 201 is arranged to
allow the brace component 104 to move or pivot relative to the frame 202 only in
desired directions and to desired degrees. In the depicted embodiment, the attachment
between the suspension element 201 and the frame liner 204 forms a seam that allows
for movement in anterior and posterior directions relative to the frame 202, while

comparatively limiting medial/lateral and proximal/distal movements. In other
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embodiments, the suspension liner 201 may be arranged to promote medial/lateral

and/or proximal/distal movements relative to anterior/posterior movements.

[88] The frame liner 204 preferably has first and second extensions 213a, 213b that
line the opposed first and second struts 212a, 212b, and extend to first and second end
portions 215a, 215b, thereby providing greater comfort to a user and enhanced
engagement between the frame 202 and the frame liner 204. The first and second straps
214a, 214b are arranged to form a circumferential loop independent of the first and
second extensions 213a, 213b. The circumferential loop is arranged to adapt to
asymmetrical anatomy of a user due to its flexibility and is arranged without

interference from the frame or other brace components.

[89] The second strap portion 214b has a tab 218 configured to engage the first strap
portion 214a and secure therewith. Reinforcing sections 210a, 210b, similar to the
covering 156 in Fig. 9, may extend from the cradle 109 and secure over the first and
second strap portions 214a, 214b to reinforce the first and second strap portions 214a,
214b, particularly when cable segments extend thereover. As with the cradle 109, the
reinforcing sections 210a, 210b are preferably formed from a more resilient material or
tougher material than the material used to form the first and second strap portions 214a,
214b. The reinforcing sections 210a, 210b may be formed from a polymeric material
whereas the strap portions 214a, 214b may be formed from an unbroken loop material,

however any suitable material may be used.

[90] In an alternative embodiment, the suspension element, including the first and
second strap portions 214a, 214b, may be configured without a brace component.
Rather, the first and second strap portions 214a, 214b may be arranged to form a
circumferential loop around the user’s anatomy that can pivot or move independent
from the frame 202. In certain embodiments, the circumferential loop may offer
compression to a desired portion of the anatomy, such as an injured muscle group, or
the circumferential loop may provide that forces may be transmitted only in certain
directions between the circumferential loop and the frame 202. Further, the suspension
element according to Fig. 1 and accompanying description may be provided with the

first and second strap portion as described above so as to form a continuous loop.

[91] The orthopedic device having any of the embodiments of the suspension

element of the disclosure advantageously solves the problem of existing orthopedic
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devices not properly suspending or supporting brace components over certain parts of
a user’s anatomy, which leads to existing devices causing discomfort and sub-optimal
effectiveness. By providing a suspension element, a brace component may be
suspended or supported over a user’s anatomy with flexibility to adapt to a user’s
changing dimensions in particular directions while retaining a position in another

direction.

[92] The suspension element may comprise anisotropic materials or properties to
provide different properties in different directions as dictated by a user’s anatomy. In
other embodiments the suspension element may comprise a circumferential loop
independent of the frame of the orthopedic device, allowing for pivoting of a brace
component supported on the suspension element independent of the frame, while being
capable of suspending a brace component and articulating relative to the frame. This is

accomplished while retaining improving breathability and cost-effectiveness.

[93] While the foregoing embodiments have been described and shown, alternatives
and modifications of these embodiments, such as those suggested by others, may be
made to fall within the scope of the invention. While the orthopedic device having a
suspension element has been described in a knee brace, it will be understood that the
principles described may be extended to other types of orthopedic devices. It is to be
understood that not necessarily all objects or advantages may be achieved under any
embodiment of the disclosure. Those skilled in the art will recognize that the orthopedic
device having an suspension element may be embodied or carried out in a manner that
achieves or optimizes one advantage or group of advantages as taught herein without

necessarily achieving other objects or advantages as may be taught or suggested herein.

[94] The skilled artisan will recognize the interchangeability of various disclosed
features. The suspension element may be configured in combination with the features
of both anisotropic properties and geometry to achieve the articulation in a controlled

manner, and/or straps to form a circumferential loop.
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CLAIMS

1. An orthopedic device (100), comprising:

a frame (102);

a brace component (104); and

a suspension element (106) supporting the brace component (104) and connecting the
brace component (104) to the frame (102), the suspension element (106) being
suspended relative to the frame (102) and capable of movement relative thereto in a

controlled manner.

2. The orthopedic device (100) of claim 1, wherein the suspension element (106) has
anisotropic properties arranged to provide movement of the suspension element (106)

in a controlled manner relative to the frame (102).

3. The orthopedic device (100) of claim 2, wherein the anisotropic properties include
the suspension element (106) being inelastic in a vertical direction and elastic in a

horizontal direction.

4. The orthopedic device (100) of claim 1, wherein the suspension element (106) is a

flexible sheet having a plurality of openings (116).

5. The orthopedic device (100) of claim 1, wherein the suspension element (106) has a
geometry arranged to provide movement of the suspension element (106) in a

controlled manner relative to the frame (102).

6. The orthopedic device (100) of claim 5, wherein the geometry of the suspension
element (106) includes a tapering portion (204a) extending between the brace
component (104) and the frame (102), the tapering portion (204a) arranged to
facilitate pivoting movement of the brace component (104) generally along a

longitudinal axis of the orthopedic device (100).
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7. The orthopedic device (100) of claim 1, wherein the suspension element (106)
extends from a frame liner (204) extending along a portion of the frame (102), the
suspension element (106) positioned outside of a periphery of the frame (102) and
moveable relative thereto, such that the frame liner (204) extends stationary relative to

the suspension element (106).

8. The orthopedic device (100) of claim 1, wherein the suspension element (106)
forms a circumferential loop extending and arranged to tension independently from

the frame (102).

9. The orthopedic device (100) of claim 8, wherein the circumferential loop extends
within a space defined by portions of the frame (102), the circumferential loop
extending generally in a direction opposite to a direction from which the suspension

element (100) is suspended relative to the frame (102).

10. The orthopedic device (100) of claim 8, wherein the circumferential loop is
defined at least in part by a base portion (208) of the suspension element (106) and
first and second straps (214a, 214b) extending from the base portion (208) and

adapted to secure to one another.

11. The orthopedic device (100) of claim 10, further comprising first and second
reinforcing sections (210a, 210b) overlying the first and second straps (214a, 214b),
respectively, and extending parallel to a length of the first and second straps (214a,
214b), the first and second reinforcing sections (210a, 210b) having greater stiffness
than the first and second straps (214a, 214b).

12. The orthopedic device (100) of claim 10, wherein the suspension element (106) is
generally flexible and inelastic inclusive of the first and second straps (214a, 214b)

and the base portion (208), and the suspension element (106).

13. The orthopedic device (100) of claim 1, further comprising a retainer (109)
secured to the suspension element (106) and adapted to hold the brace component

(104).
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14. The orthopedic device (100) of claim 13, wherein the retainer (109) is arranged
with at least one securing feature (164, 166) having resilient properties and adapted to

removably hold the brace component (104).

15. The orthopedic device (100) of claim 13, wherein the retainer (109) has a
contoured profile along an outer surface (174) thereof arranged to correspond to

anatomical geometry along which the retainer (109) is adapted to abut.

16. The orthopedic device (100) of claim 13, wherein the retainer (109) is formed

from a closed-cell EVA foam.

17. The orthopedic device (100) of claim 1, wherein the brace component (104) is a

tensioning mechanism having at least one cable (108) extending therefrom.

18. The orthopedic device (100) of claim 17, wherein the at least one cable (108)
connects to the frame (102) and extends to the frame (102) from the suspension
element (106) and extends along a length of the frame (102) to secure a first end of
the at least one cable (108) to the frame (102), the at least one cable (108) movable

relative to the suspension element (106) and the frame (102).

19. An orthopedic device (100), comprising:

a frame (102);

a brace component (104); and

a suspension element (106) supporting the brace component (104) and connecting the
brace component (104) to the frame (102), the suspension element (106) being
suspended relative to the frame (102) and capable of movement relative thereto in a

controlled manner;

wherein the suspension element (106) has a geometry arranged to provide movement

of the suspension element (106) in a controlled manner relative to the frame (102);
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wherein the suspension element (106) extends from a frame liner (204) extending
along a portion of the frame (102), the suspension element (106) positioned outside of
a periphery of the frame (102) and moveable relative thereto, such that the frame liner

(204) extends stationary relative to the suspension element (106);

wherein the suspension element (106) forms a circumferential loop extending and
arranged to tension independently from the frame (102), the circumferential loop
extending within a space defined by portions of the frame (102), the circumferential
loop extending generally in a direction opposite to a direction from which the

suspension element (106) is suspended relative to the frame (102),

wherein the circumferential loop is defined at least in part by a base portion (208) of
the suspension element (106) and first and second straps (214a, 214b) extending from

the base portion (208) and adapted to secure to one another.

20. An orthopedic device (100), comprising:

a frame (102);

a brace component (104); and

a suspension element (106) supporting the brace component (104) and connecting the
brace component (104) to the frame (102), the suspension element (106) being
suspended relative to the frame (102) and capable of movement relative thereto in a
controlled manner, the suspension element (106) having a geometry arranged to
provide movement of the suspension element (106) in a controlled manner relative to

the frame (102);

a retainer (109) secured to the suspension element (106) and adapted to hold the brace
component (104) and arranged with at least one securing feature (164, 166) having
resilient properties and adapted to removably hold the brace component (104), the
retainer (109) having a contoured profile along an outer surface (174) thereof
arranged to correspond to anatomical geometry along which the retainer (109) is

adapted to abut;
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wherein the brace component (104) is a tensioning mechanism having at least one
cable (108) extending therefrom, the at least one cable (108) connecting to the frame
(102) and extending to the frame (102) from the suspension element (106) and along a
length of the frame (102) to secure a first end of the at least one cable (108) to the
frame (102), the at least one cable (108) movable relative to the suspension element

(106) and the frame (102).
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