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DEVICE FOR PROVIDING ACTIVE ASSISTANCE TO A BODY JOINT

Technical Field

[0001] Various embodiments generally relate to a device for providing active assistance to
a body joint between a first portion and a second portion of a body.

Background

[0002] An orthosis or a brace is generally an externally applied device serving to support
a body joint or to prevent or assist relative movement of the body joint. Typically, the
orthosis or the brace is configured to provide passive support or assistance by controlling,
guiding, limiting and/or immobilizing the body joint. For example, prophylactic knee braces,
functional knee braces, and rehabilitation knee braces are common orthosis providing
passive support to the knee. In recent years, orthoses or braces which provide active
assistance to relief stress at the body joint during movements have been developed. These
orthoses or braces are configured to provide an assistive force to augment a movement of
the body joint. However, in order to provide sufficient assistive force for meaningful
augmentation of the movement of the body joint, complicated assistive force mechanism or
system with multiple parts and uncommon components have been incorporated. These
assistive force mechanism or system generally requires extensive manufacturing support for
the multiple parts, special fabrication procedures for the uncommon components and
complex installation procedures leading to high costs.

[0003] Accordingly, there is a need for a simpler and effective device for providing active

assistance to a body joint so as to address the above issues.

Summary

[0004] According to various embodiments, there is provided a device for providing active
assistance to a body joint between a first portion and a second portion of a body. The device
may include a first attachment part configured to hold the device to the first portion of the
body, a second attachment part configured to hold the device to the second portion of the
body, and at least one spring module interconnecting the first attachment part and the second

attachment part. The at least one spring module may include a first elongate link member
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coupled to the first attachment part. The at least one spring module may include a second
elongate link member coupled to the second attachment part. The first elongate link member
and the second elongate link member may be pivotably coupled to each other at a pivot joint
with a pivoting axis perpendicular to the first and second elongate link members. The at
least one spring module may include a coil spring extending longitudinally between the first
and second elongate link members and across the pivot joint. A first end of the coil spring
may be coupled to the first elongate link member and a second end of the coil spring may be

coupled to the second elongate link member.

Brief description of the drawings

[0005] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis instead
generally being placed upon illustrating the principles of the invention. In the following
description, various embodiments are described with reference to the following drawings, in
which:

FIG. 1A and FIG. 1B show schematic diagrams of a device for providing active
assistance to a body joint between a first portion and a second portion of a body according

to various embodiments;

FIG. 2A and FIG. 2B show a device for providing active assistance to a body joint

between a first portion and a second portion of a body according to various embodiments;

FIG. 3 shows an exploded view of the at least one spring module of the device of
FIG. 2A and FIG. 2B according to various embodiments;

FIG. 4A and FIG. 4B show perspective views of the at least one spring module of
the device of FIG. 2A and FIG. 2B in the longitudinally aligned disposition according to

various embodiments;

FIG. 5A and FIG. 5B show longitudinal cross-sectional views of the at least one
spring module of the device of FIG. 2A and FIG. 2B in the longitudinally aligned disposition

according to various embodiments;

FIG. 6A and FIG. 6B show perspective views of the at least one spring module of
the device of FIG. 2A and FIG. 2B with the first and second elongate link members 232, 234
pivoted relative to each other according to various embodiments;



10

15

20

25

30

FIG. 7A and FIG. 7B show cross-sectional views of the at least one spring module

as shown in FIG. 6A and FIG. 6B according to various embodiments;

FIG. 8A to FIG. 8C shows various examples of the coil spring of the device of FIG.
2A to FIG. 7B according to various embodiments;

FIG. 9 shows an exploded view of a device for providing active assistance to a body
joint between a first portion and a second portion of a body according to various

embodiments; and

FIG. 10 shows a variant of an attachment part of a device for providing active
assistance to a body joint between a first portion and a second portion of a body according

to various embodiments.

Detailed description

[0006] Embodiments described below in the context of the apparatus are analogously valid
for the respective methods, and vice versa. Furthermore, it will be understood that the
embodiments described below may be combined, for example, a part of one embodiment
may be combined with a part of another embodiment.

[0007] Tt should be understood that the terms “on”, “over”, “top”, “bottom”, “down”,
“side”, “back”, “left”, “right”, “front”, “lateral”, “side”, “up”, “down” etc., when used in the
following description are used for convenience and to aid understanding of relative positions
or directions, and not intended to limit the orientation of any device, or structure or any part

TP N
a

of any device or structure. In addition, the singular terms “a”, “an”, and “the” include plural
references unless context clearly indicates otherwise. Similarly, the word “or” is intended
to include “and” unless the context clearly indicates otherwise.

[0008] Various embodiments generally relate to a device for providing active assistance to
a body joint between a first portion and a second portion of a body. According to various
embodiments, the device may include an orthosis or a brace configured to provide active
assistance to the body joint. According to various embodiments, the body joint may include,
but not limited to, an ankle, a knee, an elbow, a wrist, a neck, a shoulder, a waist, or a pelvic,

etc. According to various embodiments, the device may be configured to provide an
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assistive force to augment a movement of the body joint. According to various embodiments,
the device may include a spring module configured to provide a resistive force against a first
relative movement between the first portion and the second portion of the body in a first
direction so as to prevent hyperextension of the joint while the spring module is being loaded
by the first relative movement, and to provide an assistive force to augment a second relative
movement between the first portion and the second portion of the body in a second direction,
which is opposite the first direction, so as to relief stress at the body joint as the spring
module is being unloaded by the second relative movement. According to various
embodiments, the device may be used in various stages of recovery from an injury of the
body joint. According to various embodiments, the device may function as a tool for
physiotherapist to train or retrain their patients for faster recovery of the body joint.

[0009] Various embodiments seek to provide a modular and adaptive device for providing
active assistance to the body joint between the first portion and the second portion of the
body. According to various embodiments, the spring module of the device may be
configured to be modular such that the spring module may be easily installed, removed, and
replaced. According to various embodiments, the spring module of the device may be
configured to be customizable for allowing adjustment of the resistance so as to vary the
assistance provided by the device to the user for different activities. For examples, from
sitting to standing position, climbing stairs, lifting weights etc. Accordingly, the spring
module may allow the user to vary or customize the resistance to carry more load or to give
more assistance to the user. According to various embodiments, the spring module of the
device may be adaptable to users of different body weight and size.

[00010] According to various embodiments, the device may be light weight and may be
configured to comfortably fit to the body joint, the first portion and the second portion of the
body. According to various embodiments, the spring module may be of a simple
configuration with few parts and simple mechanism, thus contributing to the light weight of
the device as well as sleek configuration for a comfortable fit.

[00011] According to various embodiments, the spring module of the device may include
a coil spring arranged and applied, in a unique manner which is also easy and simple to
install, so to provide the resistive force against the first relative movement between the first
portion and the second portion of the body in the first direction and the assistive force to
augment the second relative movement between the first portion and the second portion of

the body in the second direction. Conventionally, the use of coil spring has been avoided in
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orthoses or braces which provide active assistance because (i) coil spring generally cannot
produce the force required, for example to assist a person from a sitting to a standing position,
when used in the traditional way of compression or extension, (ii) a very large coil spring
would be required to provide the force would render the device too bulky, and (iii) the very
large coil spring would also be heavy which would add to the weight of the device rendering
the device not user friendly. Thus, the unique arrangement and application of the coil spring
in the spring module of the device according to the various embodiments is not only distinct
and different from the existing orthoses or braces which provide active assistance, it also
goes against the generally accepted view and practices whereby the use of coil spring is
avoided in such orthoses or braces. According to various embodiments, the coil spring of
the spring module is arranged and applied such that the coil spring bends about the body
joint, instead of the conventional way of compression or extension, when the first portion
and the second portion of the body move relative to each other.

[00012] According to various embodiments, when the device is a knee orthosis or a knee
brace, the spring module of the device may be configured to produce a force of no less than
30% of the user average body weight to be sufficient to help the user with knee injury to
move from a sitting to a standing position without assistance from another person.
According to various embodiments, the spring module of the device may be configured to
produce a force sufficient to satisfy the “one Knee Test”, whereby the user in a sitting
position straightens one leg until it is parallel to the ground and uses the other leg to lift
himself off the chair to a standing position without any other external aid or assistance.
[00013] According to various embodiments, the device may be configured to be light and
comfortable such that the user would be able to use the device for extended duration without
discomfort while the device assist the user in activities requiring movement of the injured
body joint that would not be possible without the assistance of the device. According to
various embodiments, the device may be configured to be easy to manufacture and simple
to use.

[00014] According to various embodiments, the device may be configured to be modular,
small, light and yet powerful enough to assist movement of the body joint which may be
weaken due to injury or recovering from surgery. According to various embodiments, the
device may be configured to be upgradable and customizable to adapt to the various stages
of recovery of each individual because everyone recovers at a different rate. According to

various embodiments, being modular enables the adjustment of the strength of the coil spring
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to accommodate various stages of recovery without having to change the entire device
because the spring and/or the spring module may be a modular component. Accordingly, a
very large profile of forces may be available for the user.
[00015] According to various embodiments, the device may be configured to assist the
user with injury to the body joint or recovering from surgery or with weakness in the joint,
without the need for assistance from another person, by reducing stress on the body joint.
According to various embodiments, the device may provide the user a sense of psychological
independence and freedom which may be important. According to various embodiments,
the device may not replace the need for the user to use his/her own muscles, but may assist
recovery by providing a customizable resistance.
[00016] According to various embodiments, the coil spring of the spring module of the
device may be configured to provide a force to replace or enhance the action of the muscles
and ligaments associated with the body joint to which the device is attached.
[00017] The following examples pertain to various embodiments.
[00018] Example 1 is a device for providing active assistance to a body joint between a
first portion and a second portion of a body, the device including:

a first attachment part configured to hold the device to the first portion of the body;

a second attachment part configured to hold the device to the second portion of the
body; and

at least one spring module interconnecting the first attachment part and the second
attachment part, the at least one spring module includes

a first elongate link member coupled to the first attachment part;

a second elongate link member coupled to the second attachment part,
wherein the first elongate link member and the second elongate link member are
pivotably coupled to each other at a pivot joint with a pivoting axis perpendicular to
the first and second elongate link members; and
a coil spring extending longitudinally between the first and second elongate link

members and across the pivot joint, wherein a first end of the coil spring is coupled to the
first elongate link member and a second end of the coil spring is coupled to the second
elongate link member.

[00019] In Example 2, the subject matter of Example 1 may optionally include that the
coil spring of the at least one spring module may be configured to provide a torque, based

on a lateral stiffness of the coil spring, against a relative pivoting motion about the pivot
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joint between the first and second elongate link members from a longitudinally aligned
disposition of the first and second elongate link members.

[00020] In Example 3, the subject matter of Example 1 or 2, may optionally include that
the coil spring may include rectangular-shaped coil spring, pill-shaped coil spring, or
wedged-shape coil spring.

[00021] In Example 4, the subject matter of any one of Examples 1 to 3 may optionally
include that, the at least one spring module may further include a slidable coil-spring-
retaining-member at the first elongate link member, the coil- spring-retaining-member being
slidable relative to the first elongate link member in a manner so as to vary a portion of a
length of the coil spring, from the first end of the coil spring towards the second end, engaged
and retained by the coil-spring-retaining-member to vary an effective length of the coil
spring.

[00022] In Example 5, the subject matter of Example 4 may optionally include that the
coil-spring-retaining-member may include a coil-spring-retaining-insert slidable relative to
the first elongate link member in a manner so as to vary a length of the coil-spring-retaining-
insert, from a free end of the coil-spring-retaining-insert towards an opposite end, slidably
inserted within the coil spring from the first end thereof to vary the portion of the length of
the coil spring engaged and retained by the coil-spring-retaining-insert to vary the effective
length of the coil spring.

[00023] In Example 6, the subject matter of Example 4 may optionally include that the
coil-spring-retaining-member may include a coil-spring-retaining-bracket slidable relative
to the first elongate link member in a manner so as to vary the length of the coil spring, from
the first end of the coil spring towards the second end, engaged and retained within the coil-
spring-retaining-bracket to vary the effective length of the coil spring.

[00024] In Example 7, the subject matter of any one of Examples 4 to 6 may optionally
include that the at least one spring module may further include a locking mechanism to lock
the slidable coil-spring-retaining-member to the first elongate link member.

[00025] In Example 8, the subject matter of any one of Examples 1 to 7 may optionally
include that a longitudinal end portion of the first elongate link member may include a
diagonal arm extending therefrom, a longitudinal end portion of the second elongate link
member may include a diagonal arm extending therefrom, and a tip portion of the diagonal
arm of the first elongate link member may be pivotably coupled to a tip portion of the

diagonal arm of the second elongate link member in a manner so as to form the pivot joint
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immediately adjacent a mid-segment of the coil spring when the coil spring is aligned with
the first and second elongate link members.

[00026] In Example 9, the subject matter of any one of Examples 1 to 8 may optionally
include that the first elongate link member may include a hollow frame wherein the first end
of the coil spring is inserted into the first elongate link member and coupled to an inner wall
surface of the first elongate link member, and the second elongate link member may include
a hollow frame wherein the second end of the coil spring is inserted into the second elongate
link member and coupled to an inner wall surface of the second elongate link member.
[00027] In Example 10, the subject matter of Example 9 in combination with Example 5
may optionally include that the coil-spring-retaining-insert may be slidable inside the hollow
frame of the first elongate link member, the first elongate link member may include a
longitudinal slot along a wall portion of the hollow frame, and the coil-spring-retaining-
insert may include a protrusion extending from the coil-spring-retaining-insert and through
the longitudinal slot.

[00028] In Example 11, the subject matter of any one of Examples 1 to 10 may optionally
include that each of the first attachment part and the second attachment part may include a
curved-bracket having a curvature extending from a first end to a second end, the curvature
of the curved-bracket being shaped to correspond to a transverse contour of the first portion
and the second portion of the body respectively.

[00029] In Example 12, the subject matter of Example 11 may optionally include that the
at least one spring module may interconnect the first end of the curved-bracket of the first
attachment part and the first end of the curved-bracket of the second attachment part, the
first elongate link member may be coupled directly to the first end of the curved- bracket of
the first attachment part, the second elongate link member may be coupled directly to the
first end of the curved-bracket of the second attachment part, and the device may be free of
other components interconnecting the first end of the curved-bracket of the first attachment
part and the first end of the curved-bracket of the second attachment part.

[00030] In Example 13, the subject matter of Example 11 or 12 may optionally include a
linkage assembly interconnecting the second end of the curved-bracket of the first
attachment part and the second end of the curved-bracket of the second attachment part, the
linkage assembly includes

a first link rod coupled to the second end of the curved-bracket of the first
attachment part; and
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a second link rod coupled to the second end of the curved-bracket of the second
attachment part,

wherein the first link rod and the second link rod are pivotably coupled to each other
at a pivot joint which is coaxial with the pivot joint between the first and second elongate
link members of the at least one spring module.
[00031] In Example 14, the subject matter of Example 11 or 12 may optionally include
that the device may include a first spring module interconnecting the first end of the curved-
bracket of the first attachment part and the first end of the curved-bracket of the second
attachment part, and a second spring module interconnecting the second end of the curved-
bracket of the first attachment part and the second end of the curved-bracket of the second
attachment part.
[00032] In Example 15, the subject matter of Example 14 may optionally include that the
device may be free of other components interconnecting the first attachment part and the
second attachment part.
[00033] In Example 16, the subject matter of any one of Examples 1 to 15 may optionally
include that the at least one spring module may be removably coupled to the first attachment
part and the second attachment part.
[00034] FIG. 1A and FIG. 1B show schematic diagrams of a device 100 for providing
active assistance to a body joint 106 between a first portion 102 and a second portion 104 of
a body 108 according to various embodiments. FIG. 1A shows the device 100 in a neutral
position whereby the body 108 is relaxed and the stress at the body joint 106 is minimum.
FIG. 1B shows the device 100 providing an active force which acts against a bending motion
of the body 108 about the body joint 106 and augments a straightening motion of the body
108 about the body joint 106. According to various embodiments, the device 100 may be
an orthosis or a brace which is applied externally to the first portion 102 and the second
portion 104 of a body 108 so as to support the body joint 106 or to prevent or assist relative
movement of the body joint 106. According to various embodiments, the first potion 102 of
the body 108 may be on one side of the body joint 106 and the second portion 104 of the
body 108 may be on an opposite side of the body joint 106 such that bending or straightening
of the body 108 may result in a corresponding relative pivoting motion between the first
portion 102 and the second portion 104 of a body 108 about the body joint 106. According
to various embodiments, the body joint 106 may include, but not limited to, an ankle, a knee,

an elbow, a wrist, a neck, a shoulder, a waist, or a pelvic, etc.
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[00035] According to various embodiments, the device 100 may be configured to provide
the force 109 to resist against a first relative pivot motion between the first portion 102 and
the second portion 104 of the body 108 about the body joint 106 in a first direction 105
during bending of the body 108 so as to prevent hyperextension of the body joint 106.
According to various embodiments, the same force 109 may augment a second relative pivot
motion between the first portion 102 and the second portion 104 of the body 108 about the
body joint 106 in a second direction 107, which is opposite the first direction 105, during
straightening of the body 108 so as to relief stress at the body joint 106.

[00036] According to various embodiments, the device 100 may include a first attachment
part 110 configured to hold the device 100 to the first portion 102 of the body 108.
According to various embodiments, the first attachment part 110 may include any suitable
securing arrangement to hold the device 100 to the first portion 102 of the body 108. For
example, the first attachment part 110 may include any one or a combination of: a rigid
securing arrangement such as a hinged clamp, a hinged rigid cuff, a hinged bracket, etc.; or
a flexible securing arrangement such as a band, a strap, a flexible cuff, a belt, a strip, a Velcro,
a sock, a bandage, a wrap, a sleeve, etc.; or a combined rigid and flexible securing
arrangement having a rigid element, such as a clamp or a rigid cuff or a bracket or a jaw or
a shell, and a flexible element, such as a band or a strap or a flexible cuff or a belt or a strip
or a Velcro or a sock or a bandage or a wrap or a sleeve, forming a single securing unit.
[00037] According to various embodiments, the device 100 may include a second
attachment part 120 configured to hold the device 100 to the second portion 104 of the body
108. According to various embodiments, the second attachment part 120 may include any
suitable securing arrangement to hold the device 100 to the second portion 104 of the body
108. For example, the second attachment part 120 may include any one or a combination of:
a rigid securing arrangement such as a hinged clamp, a hinged rigid cuff, a hinged bracket,
etc.; or a flexible securing arrangement such as a band, a strap, a flexible cuff, a belt, a strip,
a Velcro, a sock, a bandage, a wrap, a sleeve, etc.; or a combined rigid and flexible securing
arrangement having a rigid element, such as half a clamp or half a rigid cuff or half a bracket,
and a flexible element, such as a band or a strap or a flexible cuff or a belt or a strip or a
Velcro or a sock or a bandage or a wrap or a sleeve, forming a single securing unit.

[00038] According to various embodiments, the device 100 may include at least one spring
module 130 interconnecting the first attachment part 110 and the second attachment part 120.

Accordingly, the at least one spring module 130 may be extending between the first



10

15

20

25

30

11

attachment part 110 and the second attachment part 120, and connecting the first attachment
part 110 and the second attachment part 120 together. Hence, the first attachment part 110
may be connected to the second attachment part 120 via the at least one spring module 130.
[00039] According to various embodiments, the at least one spring module 130 of the
device 100 may include a first elongate link member 132 coupled to the first attachment part
110. Accordingly, the first elongate link member 132 may be fastened or secured or
connected or joined to the first attachment part 110 in a manner so as to prevent relative
movement or rotation between the first elongate link member 132 and the first attachment
part 110. According to various embodiments, the first elongate link member 132 may be
coupled to the first attachment part 110 in a manner such that the first elongate link member
132 may also be detachable from the first attachment part 110. Accordingly, the first
elongate link member 132 and the first attachment part 110 may be configured to be capable
of being coupled together and also capable of being detached from each other. Hence, the
first elongate link member 132 may be removably coupled to the first attachment part 110.
According to various embodiments, the first elongate link member 132 may be coupled to
the first attachment part 110 via, screw, bolt and nut, clamp, clip, latch, hook, pin, or any
other suitable fastener.

[00040] According to various embodiments, the at least one spring module 130 of the
device 100 may include a second elongate link member 134 coupled to the second
attachment part 120. Accordingly, the second elongate link member 134 may be fastened or
secured or connected or joined to the second attachment part 120 in a manner so as to prevent
relative movement or rotation between the second elongate link member 134 and the second
attachment part 120. According to various embodiments, the second elongate link member
134 may be coupled to the second attachment part 120 in a manner such that the second
elongate link member 134 may also be detachable from the second attachment part 120.
Accordingly, the second elongate link member 134 and the second attachment part 120 may
be configured to be capable of being coupled together and also capable of being detached
from each other. Hence, the second elongate link member 134 may be removably coupled
to the second attachment part 120. According to various embodiments, the second elongate
link member 134 may be coupled to the second attachment part 120 via, screw, bolt and nut,
clamp, clip, latch, hook, pin, or any other suitable fastener.

[00041] According to various embodiments, the first elongate link member 132 and the

second elongate link member 134 may be pivotably coupled to each other at a pivot joint
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136 with a pivoting axis perpendicular to the first and second elongate link members 132,
134. According to various embodiments, the first elongate link member 132 and the second
elongate link member 134 may be pivotable relative to each other about the pivot joint 136
such that the first elongate link member 132 and the second elongate link member 134 may
be moved relative to each other so as to form an angle with respect to each other at the pivot
joint 136.

[00042] According to various embodiments, the at least one spring module 130 may
include a coil spring 138 extending longitudinally between the first and second elongate link
members 132, 134 and across the pivot joint 136. According to various embodiments, a first
end 138a of the coil spring 138 may be coupled to the first elongate link member 132 and a
second end 138b of the coil spring 138 may be coupled to the second elongate link member
134. According to various embodiments, the coil spring 138 may be arranged and disposed
with respect to the first and second elongate link member 132, 134 in a manner such that a
longitudinal axis of the coil spring 138 may extend from the first elongate link member 132
to the second elongate link member 134, whereby a first end segment of the coil spring 138
towards the first end 138a may be parallel to the first elongate link member 132 and a second
end segment of the coil spring 138 towards the second end 138b may be parallel to the second
elongate link member 134. According to various embodiments, a direction of a length of
the coil spring 138 may be extending between the first and second elongate link members
132, 134 such that the coil spring 138 runs lengthwise from the first elongate link member
132 to the second elongate link member 134. According to various embodiments, the coil
spring 138 may extend or run between the first and second elongate link members 132, 134
with the first end segment of the coil spring 138 running alongside at least a portion of a
length of the first elongate link member 132, a mid-segment of the coil spring 138 running
across and over the pivot joint 136, and a second end segment of the coil spring 138 running
alongside at least a portion of a length of the second elongate link member 134. According
to various embodiments, when the first elongate link member 132 and the second elongate
link member 134 forms an angle of 180° with respect to each other at the pivot joint 136, the
coil spring 138 may be parallel to the first and second elongate link member 132, 134.
Accordingly, the coil spring 138 may be aligned to the first and second elongate link member
132, 134 such that the first end segment of the coil spring 138 may be overlapping or side-
by-side or alongside or coincide with at least a portion of a length of the first elongate link

member 132, the second end segment of the coil spring 138 may be overlapping or side-by-
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side or alongside or coincide with at least a portion of a length of the second elongate link
member 134, and the mid-segment of the coil spring 138 may lie across the pivot joint 136.
[00043] According to various embodiments, the first end 138a of the coil spring 138 may
be fastened or secured or connected or joined to the first elongate link member 132 in a
manner such that the first end 138a of the coil spring 138 may remain stationary or may not
be movable relative to the first elongate link member 132. According to various
embodiments, the first end 138a of the coil spring 138 may be coupled to the first elongate
link member 132 in a manner such that the first end 138a of the coil spring 138 may also be
detachable from the first elongate link member 132. Accordingly, the first end 138a of the
coil spring 138 and the first elongate link member 132 may be configured to be capable of
being coupled together and also capable of being detached from each other. Hence, the first
end 138a of the coil spring 138 may be removably coupled to the first elongate link member
132.

[00044] According to various embodiments, the second end 138b of the coil spring 138
may be fastened or secured or connected or joined to the second elongate link member 134
in a manner such that the second end 138b of the coil spring 138 may remain stationary or
may not be movable relative to the second elongate link member 134. According to various
embodiments, the second end 138b of the coil spring 138 may be coupled to the second
elongate link member 134 in a manner such that the second end 138b of the coil spring 138
may also be detachable from the second elongate link member 134. Accordingly, the second
end 138b of the coil spring 138 and the second elongate link member 134 may be configured
to be capable of being coupled together and also capable of being detached from each other.
Hence, the second end 138b of the coil spring 138 may be removably coupled to the second
elongate link member 134.

[00045] According to various embodiments, with the first elongate link member 132
removably coupled to the first attachment part 110 and the second elongate link member 134
removably coupled to the second attachment part 120, the at least one spring module 130
may be modular with respect to the device 100 and may be easily replaceable with another
spring module. Accordingly, the at least one spring module 130 may be removably coupled
to the first attachment part 110 and the second attachment part 120. According to various
embodiments, with the first end 138a of the coil spring 138 removably coupled to the first
elongate link member 132 and the second end 138b of the coil spring 138 may be removably

coupled to the second elongate link member 134, the coil spring 138 may be modular with
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respect to the at least one spring module 130 and may be easily replaceable with another coil
spring. Accordingly, the coil spring 138 may be removably coupled to the first and second
elongate link members 132, 134 of the at least one spring module 130.

[00046] According to various embodiments, with the coil spring 138 arranged and applied
in the at least one spring module 130 which interconnects the first attachment part 110
secured to the first portion 102 of the body 108 and the second attachment part 120 secured
to the second portion 104 of the body, the coil spring 138 may provide a torque or a force,
based on a lateral stiffness of the coil spring 138, against a first relative pivoting motion
about the pivot joint 136 between the first and second elongate link members 132, 134 from
a longitudinally aligned disposition of the first and second elongate link members 132, 134
during a bending motion of the first and second portions 102, 104 of the body 108. The
same torque or force provided by the coil spring 138, based on the lateral stiffness of the coil
spring 138, may also augment a second relative pivoting motion about the pivot joint 136
between the first and second elongate link members 132, 134 to return to the longitudinally
aligned disposition of the first and second elongate link members 132, 134 during a
straightening motion of the first and second portions 102, 104 of the body 108.

[00047] FIG. 2A and FIG. 2B show a device 200 for providing active assistance to a body
joint between a first portion and a second portion of a body according to various
embodiments. FIG. 2A shows the device 200 in a neutral state. FIG. 2B shows the device
200 in an active state to provide an active force which either acts against a bending motion
of the body about the body joint or augments a straightening motion of the body about the
body joint. The device 200 of FIG. 2A and FIG. 2B is shown as a knee orthosis or a knee
brace for illustration purposes. It should be understood by those skilled in the art that various
changes, modification, variation in form and detail may be made to adapt the features and
limitations of the knee orthosis or knee brace into other types of orthosis or brace for other
body joints without departing from the scope of the invention.

[00048] According to various embodiments, the device 200 may, similar to the device 100
of FIG. 1A and FIG. 1B, include a first attachment part 210 configured to hold the device
200 to the first portion of the body. According to various embodiments, the device 200 may,
similar to the device 100 of FIG. 1A and FIG. 1B, include a second attachment part 220
configured to hold the device 200 to the second portion of the body.

[00049] According to various embodiments, each of the first and second attachment part
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second portions of the body 108 respectively. For example, as illustrated in FIG. 2A and
FIG. 2B, each of the first attachment part 210 and the second attachment part 220 may
include a combined rigid and flexible securing arrangement having a rigid element and a
flexible element to form a single securing unit. According to various embodiments, each of
the first attachment part 210 and the second attachment part 220 may include a curved-
bracket 212, 222 (or a C-shaped frame or an arcuate structure) having a curvature extending
from a first end 212a, 222a to a second end 212b, 222b respectively. According to various
embodiments, the curved-bracket 212, 222 may be the rigid element of the combined rigid
and flexible securing arrangement. According to various embodiments, each of the first
attachment part 210 and the second attachment part 220 may further include a flexible
element (not shown), such as a band or a strap or a flexible cuff or a belt or a strip or a Velcro
or a sock or a bandage or a wrap or a sleeve, having an end of the flexible element fixedly
coupled to either the first end 212a, 222a or the second end 212b, 222b of the curved-bracket
212, 222, and the other end of the flexible element configured for removably secured to the
other end of the curved-bracket 212, 222.

[00050] According to various embodiments, the curvature of each of the curved-bracket
212, 222 of the first attachment part 210 and the second attachment part 220 may be shaped
to correspond to a transverse contour of the first portion and the second portion of the body
respectively. Accordingly, the first attachment part 210 and the second attachment part 220
may be fitted snugly to the first portion and the second portion of the body respectively for
a secure attachment with the combined rigid and flexible secure arrangement.

[00051] According to various embodiments, when the device 200 is a knee orthosis or a
knee brace, the first attachment part 210 may be configured to be secured to the lower leg
and the second attachment part 220 may be configured to be secured to the upper leg for
holding the device 200 to the leg, or vice versa. According to various embodiments, the
curved-bracket 212 of the first attachment part 210 may be configured to be fitted to a calf
of the lower leg and the curved-bracket 222 of the second attachment part 220 may be
configured to be fitted to a thigh of the upper leg. According to various embodiments, the
curved-bracket 212 of the first attachment part 210 may be shaped to be placed transversely
across the calf of the lower leg and the curved-bracket 222 of the second attachment part 220
may be shaped to be placed transversely across the thigh of the upper leg.

[00052] According to various embodiments, the device 200 may, similar to the device 100
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attachment part 210 and the second attachment part 220. Accordingly, the at least one spring
module 230 may be extending between the first attachment part 210 and the second
attachment part 220, and connecting the first attachment part 210 and the second attachment
part 220 together. Hence, the first attachment part 210 may connected to the second
attachment part 220 via the at least one spring module 230.

[00053] According to various embodiments, the at least one spring module 230 of the
device 200 may, similar to the device 100 of FIG. 1A and FIG. 1B, include a first elongate
link member 232 coupled to the first attachment part 210. According to various
embodiments a first longitudinal end portion 232a of the first elongate link member 232 may
be coupled to the first attachment part 210. According to various embodiments, the first
elongate link member 232 may be coupled to the first attachment part 210 by screw, bolt and
nut, clamp, clip, latch, hook, pin, or any other suitable fastener. Accordingly, the first
elongate link member 232 and the first attachment part 210 may be configured to be capable
of being coupled together and also capable of being detached from each other. Hence, the
first elongate link member 232 may be removably coupled to the first attachment part 210.
[00054] According to various embodiments, the at least one spring module 230 of the
device 200 may, similar to the device 100 of FIG. 1A and FIG. 1B, include a second elongate
link member 234 coupled to the second attachment part 220. According to various
embodiments, a first longitudinal end portion 234a of the second elongate link member 234
may be coupled to the second attachment part 220. According to various embodiments, the
second elongate link member 234 may be coupled to the second attachment part 220 by
screw, bolt and nut, clamp, clip, latch, hook, pin, or any other suitable fastener. Accordingly,
the second elongate link member 234 and the second attachment part 220 may be configured
to be capable of being coupled together and also capable of being detached from each other.
Hence, the second elongate link member 234 may be removably coupled to the second
attachment part 220.

[00055] According to various embodiments, the first elongate link member 232 and the
second elongate link member 234 may be pivotably coupled to each other at a pivot joint
236 with a pivoting axis perpendicular to the first and second elongate link members 232,
234. According to various embodiments, a second longitudinal end portion 232b of the first
elongate link member 232 and a second longitudinal end portion 234b of the second elongate
link member 234 may be pivotably coupled to each other at the pivot joint 236. According

to various embodiments, the pivot joint 236 may be a pin joint or a hinge joint or a revolute
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joint. According to various embodiments, the second longitudinal end portion 234b of the
second elongate link member 234 may include a pin protrusion 236a (see FIG. 3) inserted
into a hole 236b (see FIG. 3) of the second longitudinal end portion 232b of the first elongate
link member 232. According to various embodiments, the pin protrusion 236a may extend
perpendicularly with respect to the second elongate link member 234. According to various
embodiments, the first elongate link member 232 and the second elongate link member 234
may be pivotable relative to each other about the pivot joint 236 such that the first elongate
link member 232 and the second elongate link member 234 may be moved relative to each
other so as to form an angle with respect to each other at the pivot joint 236.

[00056] According to various embodiments, the first elongate link member 232 may
include a first auxiliary securing arrangement (not shown) at the second longitudinal end
portion 232b of the first elongate link member 232. According to various embodiments, the
second elongate link member 234 may include a second auxiliary securing arrangement (not
shown) at the second longitudinal end portion 234b of the second elongate link member 234.
According to various embodiments, each of the first auxiliary securing arrangement and the
second auxiliary securing arrangement may include a flexible element such as a band, a strap,
a flexible cuff, a belt, a strip, a Velcro, a sock, a bandage, a wrap, a sleeve, etc. for securing
the second longitudinal end portions 232b, 234b of the first and second elongate link member
232, 234 respectively to the first and second portions of the body via the first auxiliary
securing arrangement and the second auxiliary securing arrangement respectively.
According to various embodiments, the first auxiliary securing arrangement and the second
auxiliary securing arrangement may facilitate relative pivoting motion of the first and second
elongate link member 232, 234 about the pivot joint 236 when the first and second portions
of the body bend relative to each other.

[00057] According to various embodiments, the at least one spring module 230 of the
device 200 may, similar to the device 100 of FIG. 1A and FIG. 1B, include a coil spring 238
extending longitudinally between the first and second elongate link members 232, 234 and
across the pivot joint 236. According to various embodiments, a first end 238a of the coil
spring 238 (see FIG. 5A, FIG. 5B, FIG. 7A and FIG. 7B) may be coupled to the first elongate
link member 232 and a second end 238b of the coil spring 238 (see FIG. 5A, FIG. 5B, FIG.
7A and FIG. 7B) may be coupled to the second elongate link member 234. According to
various embodiments, the coil spring 238 may be coupled to the first and second elongate

link members 232, 234 respectively via welding, rivet, or hook. As shown, the at least one
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spring module 230 may include one coil spring 238 extending longitudinally between the
first and second elongate link members 232, 234 and across the pivot joint 236. According
to various other embodiments, the at least one spring module 230 may include one or more
coil spring 238, each extending longitudinally between the first and second elongate link
members 232, 234 and across the pivot joint 236.

[00058] According to various embodiments, the coil spring 238 may be arranged and
disposed with respect to the first and second elongate link member 232, 234 in a manner
such that a longitudinal axis of the coil spring 238 may extend from the first elongate link
member 232 to the second elongate link member 234, whereby a first end segment of the
coil spring 238 towards the first end 238a may be parallel to the first elongate link member
232 and a second end segment of the coil spring 238 towards the second end 238b may be
parallel to the second elongate link member 234. According to various embodiments, a
direction of a length of the coil spring 238 may be extending between the first and second
elongate link members 232, 234 such that the coil spring 238 runs lengthwise from the first
elongate link member 232 to the second elongate link member 234. According to various
embodiments, the coil spring 228 may extend or run between the first and second elongate
link members 232, 234 with the first end segment of the coil spring 238 running alongside
at least a portion of a length of the first elongate link member 232, a mid-segment of the coil
spring 238 running across and over the pivot joint 236, and a second end segment of the coil
spring 238 running alongside at least a portion of a length of the second elongate link
member 234. According to various embodiments, when the first elongate link member 232
and the second elongate link member 234 forms an angle of 180° with respect to each other
at the pivot joint 236, the coil spring 238 may be parallel to the first and second elongate
link member 232, 234. Accordingly, the coil spring 238 may be aligned to the first and
second elongate link member 232, 234 such that the first end segment of the coil spring 238
may be overlapping or side-by-side or alongside or coincide with at least a portion of a length
of the first elongate link member 232, the second end segment of the coil spring 238 may be
overlapping or side-by-side or alongside or coincide with at least a portion of a length of the
second elongate link member 234, and the mid-segment of the coil spring 238 may lie across
the pivot joint 236.

[00059] According to various embodiments, when the first and second ends 238a, 238b of
the coil spring 238 are coupled to the first and second elongate link members 232, 234

respectively via welding and rivet, the first end 238a of the coil spring 238 may be
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permanently coupled to the first elongate link member 232 and the second end 238a of the
coil spring 238 may be permanently coupled to the second elongate link member 232.
According to various embodiments, when the first and second ends 238a, 238b of the coil
spring 238 are coupled to the first and second elongate link members 232, 234 respectively
via hook, the first and second ends 238a, 238b of the coil spring 238 may remain stationary
or may not be movable relative to the first and second elongate link members 232, 234
respectively, and may also be capable of being detached from each other. Hence, the first
and second ends 238a, 238b of the coil spring 238 may be removably coupled to the first
and second elongate link members 232, 234 respectively.

[00060] According to various embodiments, with the first elongate link member 232
removably coupled to the first attachment part 210 and the second elongate link member 234
removably coupled to the second attachment part 220, the at least one spring module 230
may be modular with respect to the device 200 and may be easily replaceable with another
spring module. According to various embodiments, the at least one spring module 230 may
be removably coupled to the first attachment part 210 and the second attachment part 220.
According to various embodiments, when the first end 238a of the coil spring 238 is
removably coupled to the first elongate link member 232 (e.g. via hook) and the second end
238b of the coil spring 238 is removably coupled to the second elongate link member 234
(e.g. via hook), the coil spring 238 may be modular with respect to the at least one spring
module 230 and may be easily replaceable with another coil spring. Accordingly, the coil
spring 238 may be removably coupled (e.g. via hook) to the first and second elongate link
members 232, 234 of the at least one spring module 230.

[00061]  According to various embodiments, with the coil spring 238 arranged and
applied in the at least one spring module 230 which interconnects the first attachment part
210 and the second attachment part 220, the coil spring 238 may provide a torque or a force,
based on a lateral stiffness of the coil spring 238, against a first relative pivoting motion
about the pivot joint 236 between the first and second elongate link members 232, 234 from
a longitudinally aligned disposition of the first and second elongate link members 232, 234.
The same torque or force provided by the coil spring 238, based on the lateral stiffness of
the coil spring 238, may also augment a second relative pivoting motion about the pivot joint
236 between the first and second elongate link members 232, 234 to return to the
longitudinally aligned disposition of the first and second elongate link members 232, 234

from an angled disposition.
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[00062] According to various embodiments, the at least one spring module 230 may
interconnects the curved-bracket 212 of the first attachment part 210 and the curved-bracket
222 of the second attachment part 220. According to various embodiments, the device may
be free of other components interconnecting the curved-bracket 212 of the first attachment
part 210 and the curved-bracket 222 of the second attachment part 220. Accordingly, the
curved-bracket 212 of the first attachment part 210 and the curved-bracket 222 of the second
attachment part 220 may be connected to each other only by the at least one spring module
230 without any other components. Hence, other than the at least one spring module 230
between the curved-bracket 212 of the first attachment part 210 and the curved-bracket 222
of the second attachment part 220, there may be a complete absence of any other components.
[00063] According to various embodiments, the first elongate link member 232 of the at
least one spring module 230 may be coupled directly to the curved- bracket 212 of the first
attachment part 210, and the second elongate link member 234 of the at least one spring
module 230 may be coupled directly to the curved-bracket 222 of the second attachment part
220. According to various embodiments, as shown in FIG. 2A and FIG. 2B, the first
longitudinal end portion 232a of the first elongate link member 232 may be coupled to the
first end 212a of the curved- bracket 212 of the first attachment part 210. According to
various embodiments, the first longitudinal end portion 234a of the second elongate link
member 234 may be coupled to the first end 222a of the curved-bracket 222 of the second
attachment part 220.

[00064] According to various embodiments, as shown in FIG. 2A and FIG. 2B, the device
200 may also include a linkage assembly 240 interconnecting the first attachment part 210
and the second attachment part 220. According to various embodiments, the linkage
assembly 240 may interconnect the second end 212b of the curved-bracket 212 of the first
attachment part 210 and the second end 222b of the curved-bracket 222 of the second
attachment part 220. According to various embodiments, the device 200 may include one
spring module 230 interconnecting the first end 212a of the curved-bracket 212 of the first
attachment part 210 and the first end 222a of the curved-bracket 222 of the second
attachment part 220 and one linkage assembly 240 interconnecting the second end 212b of
the curved-bracket 212 of the first attachment part 210 and the second end 222b of the
curved-bracket 222 of the second attachment part 220.

[00065] According to various embodiments, the linkage assembly 240 may include a first

link rod 242 coupled to the first attachment part 210. According to various embodiments,
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the first link rod 242 may be coupled to the second end 212b of the curved-bracket 212 of
the first attachment part 210. According to various embodiments, a first longitudinal end
portion 242a of the first link rod 242 may be coupled to the first attachment part 210.
[00066] According to various embodiments, the linkage assembly 240 may include a
second link rod 244 coupled to the second attachment part 220. According to various
embodiments, the second link rod 244 may be coupled to the second end 222b of the curved-
bracket 222 of the second attachment part 220. According to various embodiments, a first
longitudinal end portion 244a of the second link rod 244 may be coupled to the second
attachment part 220.

[00067] According to various embodiments, the first link rod 242 and the second link rod
244 may be pivotably coupled to each other at a pivot joint 246. According to various
embodiments, a second longitudinal end portion 242b of the first link rod 242 and a second
longitudinal end portion 244b of the second link rod 244 may be pivotably coupled to each
other at the pivot joint 246. According to various embodiments, the pivot joint 246 may be
a pin joint, a hinge joint, or a revolute joint. According to various embodiments, the second
longitudinal end portion 244b of the first elongate link rod 242 may include a pin protrusion
inserted into a hole of the second longitudinal end portion 244b of the second elongate link
member 244. According to various embodiments, the pin protrusion may extend
perpendicularly with respect to the first link rod 242. According to various embodiments,
the first link rod 242 and the second link rod 244 may be pivotable relative to each other
about the pivot joint 246 such that the first link rod 242 and the second link rod 244 may be
moved relative to each other so as to form an angle with respect to each other at the pivot
joint 246.

[00068] According to various embodiments, the pivot joint 246 of the linkage assembly
240 may be coaxial with the pivot joint 236 of the at least one spring module 230 between
the first and second elongate link members 232, 234 of the at least one spring module 230.
Accordingly, the linkage assembly 240 may be arranged and oriented parallel to the at least
one spring module 230 in a manner such that the pivot joint 246 of the linkage assembly 240
may share a common pivoting axis with the pivot joint 236 of the at least one spring module
230. According to various embodiments, the first link rod 242 of the linkage assembly 240
may pivot relative to the second link rod 244 of the linkage assembly 240 in a synchronous
manner with the relative pivoting motion between the first elongate link member 232 and

the second elongate link member 234 of the at least one spring module 230.
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[00069] FIG. 3 shows an exploded view of the at least one spring module 230 of FIG. 2A
and FIG. 2B according to various embodiments. FIG. 4A and FIG. 4B show perspective
views of the at least one spring module 230 of FIG. 2A and FIG. 2B in the longitudinally
aligned disposition according to various embodiments. FIG. 5A and FIG. 5B show
longitudinal cross-sectional views of the at least one spring module 230 of FIG. 2A and FIG.
2B in the longitudinally aligned disposition according to various embodiments. FIG. 6A and
FIG. 6B show perspective views of the at least one spring module 230 of FIG. 2A and FIG.
2B with the first and second elongate link members 232, 234 pivoted relative to each other
according to various embodiments. FIG. 7A and FIG. 7B show cross-sectional views of the
at least one spring module 230 as shown in FIG. 6A and FIG. 6B according to various
embodiments.

[00070] According to various embodiments, as shown in FIG. 3, FIG. 5A and FIG. 5B,
and FIG. 7A and FIG. 7B, the at least one spring module 230 may include a slidable coil-
spring-retaining-member 250 at the first elongate link member 232. According to various
embodiments, the slidable coil-spring-retaining-member 250 may be disposed at or fitted to
the first elongate link member 232. According to various embodiments, the coil-spring-
retaining-member 250 may be slidable longitudinally relative to the first elongate link
member 232. Accordingly, the coil-spring-retaining-member 250 may be slidable along a
length of the first elongate link member 232. According to various embodiments, with the
first end 238a of the coil spring 238 coupled to the first elongate link member 232, the coil-
spring-retaining-member 250 may be slidable along the first elongate link member 232 to
engage and retain a portion of the length of the coil spring 238 from the first end 238a of the
coil spring 238. Accordingly, the portion of the length of the coil spring 238, from the first
end 238a of the coil spring 238 towards the second end 238b, that is engaged and retained
by the coil-spring-retaining-member 250 may be varied by sliding the coil-spring-retaining-
member 250 relative to the first elongate link member 232. According to various
embodiments, with the coil-spring-retaining-member 250 in engagement and retaining the
portion of the length of the coil spring 238, said portion of the length of the coil spring 238
may not be subjected or exposed to the pivoting motion between the first and second elongate
link members 232, 234. Accordingly, the portion of the length of the coil spring 238 may
be constrained or may not be effective in acting against the first relative pivoting motion
between the first and second elongate link members 232, 234 from the longitudinally aligned

disposition of the first and second elongate link members 132, 134, and/or augmenting the
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second relative pivoting motion between the first and second elongate link member 232, 234
to return to the longitudinally aligned disposition. According to various embodiments, the
portion of the length of the coil spring 238 engaged and retained by the coil-spring-retaining-
member 250 may correspondingly reduce an effective length of the coil spring 238 (or an
effective number of coils of the coil spring 238) subjected or exposed to the pivoting motion
between the first and second elongate link members 232, 234.

[00071] According to various embodiments, the coil spring 238 may have a higher
effective lateral stiffness when the effective length of the coil spring 238 is shorter.
Accordingly, by sliding the coil-spring-retaining-member 250 along the first elongate link
member 232 to engage and retain a portion of the length of the coil spring 238 from the first
end 238a of the coil spring 238, the effective length of the coil spring 238 may be reduced
and, thus, the effective lateral stiffness of the coil spring 238 may be higher. With a higher
effective lateral stiffness, the coil spring 238 may provide a greater force or torque to act
against the first relative pivoting motion between the first and second elongate link members
232, 234 from the longitudinally aligned disposition of the first and second elongate link
members 132, 134, and/or to augment the second relative pivoting motion between the first
and second elongate link member 232, 234 to return to the longitudinally aligned disposition.
According to various embodiments, the force or torque provided by the at least one spring
module 230 may be varied by sliding the coil-spring-retaining-member 250 relative to the
first elongate link member 232 to vary the portion of the length of the coil spring 238, from
the first end 238a of the coil spring 238 towards the second end 238b, engaged and retained
by the coil-spring-retaining-member 250.

[00072] According to various embodiments, as shown in FIG. 3, FIG. 5A, FIG. 5B, FIG.
7A, and FIG. 7B, the coil-spring-retaining-member 250 may be in the form of a coil-spring-
retaining-insert 251 slidable relative to the first elongate link member 232. According to
various embodiments, a free end 252 of the coil-spring-retaining-insert 251 may be slidably
inserted into the coil spring 238 from the first end 238a thereof. According to various
embodiments, by sliding the coil-spring-retaining-insert 251 relative to the first elongate link
member 232, a length of the coil-spring-retaining-insert 251, from a free end 252 of the coil-
spring-retaining-insert 251 towards an opposite end 254, that is inserted within the coil
spring 238 may be varied. According to various embodiments, by varying the length of the
coil-spring-retaining-insert 251 slidably inserted within the coil spring 238, the portion of
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may by varied so as to vary the effective length of the coil spring 238 (or an effective number
of coils of the coil spring 238) subjected or exposed to the pivoting motion between the first
and second elongate link members 232, 234.

[00073] According to various embodiments, the at least one spring module 230 may
include a locking mechanism 260 to lock the slidable coil-spring-retaining-member 250 to
the first elongate link member 230. According to various embodiments, the locking
mechanism 260 may be any suitable locking mechanism, for example, a spring-loaded ball
type locking mechanism whereby the first elongate link member 230 includes a series of
holes or indentations along its length and the slidable coil-spring-retaining-member 250
include a spring-loaded ball to engage with the holes or indentations; or a spring-loaded
plunger type locking mechanism whereby the first elongate link member 230 includes a
series of holes or indentations along its length and the slidable coil-spring-retaining-member
250 include a spring-loaded ball to engage with the holes or indentations; or a ratchet type
locking mechanism whereby the first elongate link member 230 includes a series of teeth
along its length and the slidable coil-spring-retaining-member 250 include a spring-loaded
pawl to engage with the teeth.

[00074] According to various embodiments, the second longitudinal end portion 232b of
the first elongate link member 232 may include a diagonal arm 233 extending therefrom.
According to various embodiments, the second longitudinal end portion 234b of the second
elongate link member 234 may include a diagonal arm 235 extending therefrom. According
to various embodiments, a tip portion 233a of the diagonal arm 233 of the first elongate link
member 232 may be pivotably coupled to a tip portion 235a of the diagonal arm 235 of the
second elongate link member 234 in a manner so as to form the pivot joint 236 immediately
adjacent the mid-segment of the coil spring 238 when the coil spring 238, which is extending
between the first and second elongate link members 232, 234, is aligned with the first and
second elongate link members. According to various embodiments, the diagonal arms 233,
235 of the first and second elongate link members may allow the coil spring 238 to be
extending in a straight line with the first and second elongate link members 232, 234 when
in the longitudinal aligned disposition.

[00075] According to various embodiments, the mid-segment of the coil spring 238 may
be adjacent and abutting the pivot joint 236. According to various embodiments, the pivot

joint 236 may serve as a bending support to prop or hold up the mid-segment of the coil
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spring 238 for bending the coil spring 238 during pivoting motion of the first and second
elongate link members 232, 234 about the pivot joint 236.

[00076] According to various embodiments, the first elongate link member 232 may
include a hollow frame 272 (or hollow structure) wherein the first end 238a of the coil spring
238 may be inserted into the first elongate link member 232 and coupled to an inner wall
surface 272c of the first elongate link member 232. According to various embodiments, the
hollow frame 272 of the first elongate link member 232 may include an empty space
extending longitudinally along the first elongate link member 232. According to various
embodiments, the first end 238a of the coil spring 238 may be inserted into an opening of
the hollow frame 272 of the first elongate link member 232 at the second longitudinal end
portion 232a of the first elongate link member 232.

[00077] According to various embodiments, the hollow frame 272 of the first elongate link
member 232 may be formed by two elongate shell parts 272a, 272b joined together
lengthwise. According to various embodiments, the two elongate shell parts 272a, 272b may
correspond to the hollow frame 272 of the first elongate link member 232 being divided and
separated longitudinally. According to various embodiments, the two elongate shell parts
272a, 272b may be joined together via screw, bolt and nut, clamp, clip, latch, hook, pin, or
any other suitable fastener.

[00078] According to various embodiments, the second elongate link member 234 may
include a hollow frame 274 (or hollow structure) wherein the second end 238b of the coil
spring 238 may be inserted into the second elongate link member 234 and coupled to an
inner wall surface 274c of the second elongate link member 234. According to various
embodiments, the hollow frame 274 of the second elongate link member 234 may include
an empty space extending longitudinally along the second elongate link member 234.
According to various embodiments, the second end 238b of the coil spring 238 may be
inserted into an opening of the hollow frame 274 of the second elongate link member 234 at
the second longitudinal end portion 234a of the second elongate link member 234.

[00079] According to various embodiments, the hollow frame 274 of the second elongate
link member 234 may be formed by two elongate shell parts 274a, 274b joined together
lengthwise. According to various embodiments, the two elongate shell parts 274a, 274b may
correspond to the hollow frame 274 of the second elongate link member 234 being divided

and separated longitudinally. According to various embodiments, the two elongate shell



10

15

20

25

30

26

parts 274a, 274b may be joined together via screw, bolt and nut, clamp, clip, latch, hook,
pin, or any other suitable fastener.

[00080] According to various embodiments, when the coil-spring-retaining-member 250
is the coil-spring-retaining-insert 251 as shown in FIG. 3, the coil-spring-retaining-insert
251 may be slidable inside or within the hollow frame 272 of the first elongate link member
232. According to various embodiments, the coil-spring-retaining-insert 251 may be
enclosed inside or within the hollow frame 272 of the first elongate link member 232 in a
manner such that the coil-spring-retaining-insert 251 may be slidable along the empty space
extending longitudinally along the first elongate link member 232. According to various
embodiments, the first elongate link member 232 may include a longitudinal slot 280 along
a wall portion of the hollow frame 272 of the first elongate link member 232. According to
various embodiments, the longitudinal slot 280 may be extending lengthwise along the wall
portion of one of the two elongate shell parts 272a, 272b of the hollow frame 272 of the first
elongate link member 232. According to various embodiments, the coil-spring-retaining-
insert 251 may include a protrusion 282 extending from the coil-spring-retaining-insert 251
and through the longitudinal slot 280. According to various embodiments, the protrusion
282 of the coil-spring-retaining-insert 251 may be extending perpendicularly from a surface
of the coil-spring-retaining-insert 251 in a manner such that protrusion 282 penetrates the
wall portion of the one of the two elongate shell parts 272a, 272b of the hollow frame 272
of the first elongate link member 232 through the longitudinal slot 280.

[00081] FIG. 8A to FIG. 8C shows various examples of the coil spring 238 of FIG. 2A to
FIG. 7B according to various embodiments. According to various embodiments, the coil
spring 238 may include, but not limited to, a pill-shaped coil spring as shown in FIG. 8A, or
a wedged-shape coil spring as shown in FIG. 8B, or a rectangular-shaped coil spring as
shown in FIG. 8C. According to various embodiments, each coil of the coil spring 238 may
include an elongate shape, such as, but not limited to, pill-shaped, wedged-shaped, or
rectangular-shaped. According to various embodiments, each coil of the coil spring 238 may
be in contact with each other in the original unloaded state.

[00082] According to various embodiments, a device (not shown) for providing assistance
to a body joint between a first portion and a second portion of a body may include two spring
modules interconnecting the first attachment part and the second attachment part.
Accordingly, the two spring modules may be extending between a first attachment part and

a second attachment part, and connecting the first attachment part and the second attachment



10

15

20

25

30

27

part together. Hence, the first attachment part may be connected to the second attachment
part via the two spring modules. According to various embodiments, the device may include
a first spring module interconnecting a first end of a curved-bracket of a first attachment part
(similar to that of the device 200) and a first end of a curved-bracket of the second attachment
part. According to various embodiments, the second spring module may be interconnecting
a second end of the curved-bracket of the first attachment part and a second end of the
curved-bracket of the second attachment part.

[00083] According to various embodiments, each of the first and second spring modules
may, similar to that of the device 100 of FIG. 1A and FIG. 1B and the device 200 of FIG.
2Ato FIG. 7B, include a first elongate link member coupled to the first attachment part, and
a second elongate link member coupled to the second attachment part. According to various
embodiments, the first elongate link member and the second elongate link member of the
first and second spring modules may respectively be pivotably coupled to each other at a
pivot joint, wherein the pivot joints of the first and second spring modules may be coaxial,
i.e. sharing a common pivoting axis.

[00084] According to various embodiments, each of the first and second spring modules,
may, similar to that of the device 100 of FIG. 1A and FIG. 1B and the device 200 of FIG.
2A to FIG. 7B, include a coil spring extending longitudinally between the first elongate link
member and the second elongate link member and across the pivot joint. According to
various embodiments, a first end of each of the coil spring may respectively be coupled to
the first elongate link member, and a second end of each of the coil spring may respectively
be coupled to the second elongate link member.

[00085] According to various embodiments, other than the first and second spring modules,
the device with the two spring modules may be free of other components, e.g. the linkage
assembly 240 of the device 200 of FIG. 2A to FIG. 7B, interconnecting the first attachment
part and the second attachment part. According to various embodiments, the device may
include only the first and second spring modules interconnecting the first attachment part
and the second attachment part without any other components interconnecting therebetween.
[00086] FIG. 9 shows an exploded view of a device 900 for providing active assistance to
a body joint between a first portion and a second portion of a body according to various
embodiments. The device 900 of FIG. 9, similar to the device 200 of FIG. 2A to FIG. 7B,
is shown as a knee orthosis or a knee brace for illustration purposes. It should be understood

by those skilled in the art that various changes, modification, variation in form and detail
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may be made to adapt the features and limitations of the knee orthosis or knee brace into
other types of orthosis or brace for other body joints without departing from the scope of the
invention.

[00087] According to various embodiments, the device 900 may, similar to the device 100
of FIG. 1A and FIG. 1B and the device 200 of FIG. 2A to FIG. 7B 9, include a first
attachment part 910 configured to hold the device 900 to the first portion of the body.
According to various embodiments, the device 900 may, similar to the device 100 of FIG.
1A and FIG. 1B and the device 200 of FIG. 2A to FIG. 7B, include a second attachment part
920 configured to hold the device 900 to the second portion of the body. According to
various embodiments, each of the first attachment part 910 and the second attachment part
920 may, similar to that of the device 100 of FIG. 1A and FIG. 1B and the device 200 of
FIG. 2A to FIG. 7B, include a curved-bracket 912, 922 (or a C-shaped frame or an arcuate
structure) having a curvature extending from a first end 912a, 922a to a second end 912b,
922b respectively.

[00088] According to various embodiments, the device 900 may include two linkage
assemblies 940, 940’ interconnecting the first attachment part 910 and the second attachment
part 920. Accordingly, the two linkage assemblies 940, 940’ may interconnect first
attachment part 910 and the second attachment part 920. Hence, the first attachment part
910 may be connected to the second attachment part 920 via the two linkage assemblies 940,
940°. According to various embodiments, the device 900 may include a first linkage
assembly 940 interconnecting the first end 912a of the curved-bracket 912 of the first
attachment part 910 and the first end 922a of the curved-bracket 922 of the second
attachment part 920. According to various embodiments, the second linkage assembly 940’
may be interconnecting the second end 912b of the curved-bracket 912 of the first attachment
part 910 and the second end 922b of the curved-bracket 922 of the second attachment part
920.

[00089] According to various embodiments, each of the first and second linkage
assemblies 940, 940° may include a first link 942, 942’ coupled to the first attachment part
910. According to various embodiments, a first longitudinal end portion 942a,942a’ of the
first link 942, 942’ of each of the first and second linkage assemblies 940, 940’ may be
coupled to the first attachment part 910. According to various embodiments, each of the
first link 942, 942° of the first and second linkage assemblies 940, 940’ may include two
parts joined together to form the first link 942, 942 respectively.
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[00090] According to various embodiments, each of the first and second linkage
assemblies 940, 940’ include a second link 944, 944’ coupled to the second attachment part
920. According to various embodiments, a first longitudinal end portion 944a, 944a’ of the
second link 944, 944’ may be coupled to the second attachment part 920. According to
various embodiments, each of the second link 944, 944’ of the first and second linkage
assemblies 940, 940’ may include two parts joined together to form the second link 944, 944°
respectively.

[00091] According to various embodiments, the first link 942, 942” and the second link
944, 944’ of the first and second linkage assemblies 940, 940’ respectively may be pivotably
coupled to each other at a pivot joint 946, 946°. According to various embodiments, the
pivot joints 946, 946’ of the first and second linkage assemblies 940, 940’ may be coaxial,
i.e. sharing a common pivoting axis.

[00092] According to various embodiments, the device 00 may, similar to the device 100
of FIG. 1A and FIG. 1B and the device 200 of FIG. 2A to FIG. 7B, include at least one
spring module 930 interconnecting the first attachment part 910 and the second attachment
part 920. According to various embodiments, the at least one spring module 930 may be
interconnecting the first attachment part 910 and the second attachment part 920 by attaching
to one of the two linkage assemblies 940, 940°. According to various embodiments, the at
least one spring module 930 may be attached to the first linkage assembly 940 so as to
interconnect the first attachment part 910 and the second attachment part 920.

[00093] According to various embodiments, the at least one spring module 930 may,
similar to that of the device 100 of FIG. 1A and FIG. 1B and the device 200 of FIG. 2A to
FIG. 7B, include a first elongate link member 932 coupled to the first attachment part 910.
According to various embodiments, the first elongate link member 932 may be coupled to
the first attachment part 910 via the first link 942 of the first linkage assembly 940.
According to various embodiments, the second elongate link member 934 may be coupled
to the second attachment part 920 via the second link 944 of the first linkage assembly 940.
Accordingly, the first and second elongate link members 932, 934 of the at least one spring
module 930 may be respectively coupled to the first and second links 942, 944 of the first
linkage assembly 940. According to various embodiments, the first elongate link member
932 and the second elongate link member 934 of at least one spring module 930 may
respectively be pivotably coupled to each other at a pivot joint 936. According to various

embodiments, the pivot joint 936 of the at least one spring module 930 may be coaxial, i.e.



10

15

20

25

30

30

sharing a common pivoting axis, with the pivot joint 946, 946’ of the first and second linkage
assemblies 940, 940°. According to various embodiments, the pivot joint 936 of the at least
one spring module 930 may be coupled or joined to the pivot joint 946 of the first linkage
assembly 940.

[00094] According to various embodiments, the at least one spring module 930 may,
similar to that of the device 100 of FIG. 1A and FIG. 1B and the device 200 of FIG. 2A to
FIG. 7B, include a coil spring 938 extending longitudinally between the first elongate link
member 932 and the second elongate link member 934 and across the pivot joint 936.
According to various embodiments, a first end 938a of the coil spring 938 may be coupled
to the first elongate link member 932 via a first spring-coupler 956 and a second end 938b
of the coil spring 938 may be coupled to the second elongate link member 934 via a second
spring-coupler 958.

[00095] According to various embodiments, the at least one spring module 930 may
include a triangular fulcrum arrangement 990 at the pivot joint 936. According to various
embodiments, a corner of the triangular fulcrum arrangement 990 may be coupled to the
pivot joint 936. According to various embodiments, the triangular fulcrum arrangement 990
may include two triangular plates 990a, 990b joined or coupled together at all three corners
of the triangular fulcrum arrangement 990. According to various embodiments, the coil
spring 938 may be inserted through adjacent sides of the triangular fulcrum arrangement 990
with respect to the corner of the triangular fulcrum arrangement 990 coupled to the pivot
joint 936 in a manner such at the mid-segment of the coil spring 938 may be adjacent and
abutting the corner of the triangular fulcrum arrangement 990 coinciding with the pivot joint
936. According to various embodiments, the triangular fulcrum arrangement 990 may serve
as a bending support to prop or hold up the mid-segment of the coil spring 938 for bending
the coil spring 938 during pivoting motion of the first and second elongate link members
932, 934 about the pivot joint 936.

[00096] According to various embodiments, the at least one spring module 930 may,
similar to that of the device 200 of FIG. 2A to FIG. 7B, include a slidable coil-spring-
retaining-member 950 at the first elongate link member 932. According to various
embodiments, the coil-spring-retaining-member 950 may be in the form of a coil-spring-
retaining-bracket 951 slidable relative to the first elongate link member 932. According to
various embodiments, the coil-spring-retaining-bracket 951 may slide over the coil spring

938 from the first end 938a thereof for engaging and retaining a portion of a length of the
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coil spring 938. According to various embodiments, by sliding the coil-spring-retaining-
bracket 951 relative to the first elongate link member 932, the coil-spring-retaining-insert
951 may slide over a portion of a length of the coil spring 938, from the first end 938a of the
coil spring 938 towards a second end 938b. According to various embodiments, by varying
the portion of the length of the coil spring 938 engaged and retained by the coil-spring-
retaining-bracket 951, an effective length of the coil spring 938 (or an effective number of
coils of the coil spring 938), which is subjected or exposed to the pivoting motion between
the first and second elongate link members 932, 934, may be varied.

[00097] FIG. 10 shows a variant of an attachment part 1010 of a device for providing
active assistance to a body joint between a first portion and a second portion of a body
according to various embodiments. According to the various embodiments, the attachment
part 1010 may be incorporated into or combined with the device 100, 200, 900 as previously
described to form the first and second attachment parts 110, 120, 210, 220, 910, 920
respectively.

[00098] According to various embodiments, the attachment part 1010 may be a combined
rigid and flexible securing arrangement. According to various embodiments, the attachment
part 1010 may include a first curved-bracket 1012 and a second curved bracket 1013.
According to various embodiments, the first curved-bracket 1012 (or a C-shaped frame or
an arcuate structure) may have a curvature extending from a first end 1012a to a second end
1012b respectively. According to various embodiments, the second curved-bracket 1013 (or
a C-shaped frame or an arcuate structure) may have a curvature extending from a first end
1013a to a second end 1013b respectively. Accordingly, the first curved-bracket 1012 and
the second curved bracket 1013 may be the rigid part of the combined rigid and flexible
securing arrangement.

[00099] According to various embodiments, the attachment part 1010 may include a first
flexible member 1015 and a second flexible member 1017. According to various
embodiments, each of the first and second flexible members 1015, 1017 may include, but
not limited to, a band, a strap, a flexible cuff, a belt, a strip, or a Velcro. Accordingly, the
first flexible member 1015 and the second flexible member 1017 may be the flexible part of
the combined rigid and flexible securing arrangement. According to various embodiments,
the first flexible member 1015 may connect the second end 1012b of the first curved-bracket
1012 to the first end 1012a of the second curved-bracket 1013. Further, the second flexible
member 1017 may be connected to the first end 1012a of the first curved-bracket 1012.
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According to various embodiments, a clip 1019 may be attached to the second flexible
member 1017. The clip 1019 may be configured for detachable connection with the second
end 1013b of the second curved-bracket 1013. According to various embodiments, the
second end 1013b of the second curved-bracket 1013 may be configured to receive the clip
1019 of the second flexible member 1017. According to various embodiments, the clip 1019
may include an interlocking element 1019a and the second end 1013b of the second curved-
bracket 1013 may include a corresponding interlocking element 1019b. For example, the
interlocking element 1019a of the clip 1019 may include spring-loaded ball or spring-loaded
plunger, while the corresponding interlocking element 1019b of the second curved-bracket
1013 may include a hole or an indentation.

[000100] According to various embodiments, the first end 1013a of the second curved-
bracket 1013 may include a single loop element 1013c, for example in the form of a single
loop slider. According to various embodiments, the first flexible member 1015 may be
connected to the second curved-bracket 1013 by inserting or looping through the single loop
element 1013c. In this manner, a distance between the second end 1012b of the first curved-
bracket 1012 and the first end 1012a of the second curved-bracket 1013 may be adjusted by
adjusting a length of the first flexible member 1015 being inserted or looped through the
single loop element 1013c. According to various embodiments, the single loop element
1013c may also be replaced by a tri-glide buckle element.

[000101] According to various embodiments, the clip 1019 may also include a single loop
element 1019c. According to various embodiments, the second flexible member 1017 may
be connected to the clip 1019 by inserting or looping through the single loop element 1019c.
In this manner, a distance between the first end 1012a of the first curved-bracket 1012 and
the clip 1019 may be adjusted by adjusting a length of the second flexible member 1017
being inserted or looped through the single loop element 1019c. According to various
embodiments, the single loop element 1019¢ may also be replaced by a tri-glide buckle
element.

[000102] According to various embodiments, an end 1015a of the first flexible member
1015 may be slidably inserted into the first curved-bracket 1012 in a telescopic manner
through the second end 1012b of the first curved-bracket 1012. According to various
embodiments, an end 1017a of the second flexible member 1017 may be slidably inserted
into the first curved-bracket 1012 in a telescopic manner through the first end 1012a of the

first curved-bracket 1012. According to various embodiments, the first curved-bracket 1012
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may include an adjuster element 1011. The end 1015a of the first flexible member 1015
may be connected to the adjuster element 1011 and the end 1017a of the second flexible
member 1017 may be connected to the adjuster element 1011. According to various
embodiments, the adjuster element 1011 may be configured to pull the end 1015a of the first
flexible member 1015 and the end 1017a of the second flexible member 1017 towards each
other so as to shorten a distance between the two ends 1015a, 1017a along the first curved-
bracket 1012. According to various embodiments, the adjuster element 1011 may include a
knob 1011a such that turning the knob 1011a in a first direction may pull the two ends 1015a,
1017a towards each other, which turning the knob 1011a in a second direction, opposite the
first direction, may allow the two ends 1015a, 1017a to be pulled apart from each other.
According to various embodiments, the adjuster element 1011 may be used for fine-
adjustment or tightening after the first flexible member 1015 and the second flexible member
1017 have been adjusted via the single loop elements 1013c, 1019c of the second curved-
bracket 1013 and the clip 1019 respectively.

[000103] According to various embodiments, the first curved-bracket 1012 may be
coupled to the at least one spring module 130, 230 or the linkage assembly 240, 940, while
the second curved-bracket 1013 may be coupled to another spring module 130, 230, or
another linkage assembly 240, 940. Accordingly, in this configuration, the first flexible
member 1015 and the second flexible member 1017 may be adjusted accordingly so as to
allow customisable fitting of the attachment part 1010 to the body. According to various
embodiments, the attachment part 1010 may include a three-point adjustment arrangement
to fit the attachment part 1010 to the body. According to various embodiments, the three-
point adjustment arrangement may include the loop element 1013c of the second curved-
bracket 1013, the loop element 1019c of the clip 1019, and the adjuster element 1011 of the
first curved-bracket 1012 as shown in FIG. 10. According to various embodiments, the
three-point adjustment arrangement of the attachment part 1010 may facilitate the at least
one spring module 130, 230, and/or the linkage assembly 240, 940 to always remain at two
opposite sides of the body, for example two opposite longitudinal sides of a leg or an arm.
Further, the three-point adjustment arrangement of the attachment part 1010 may allow

customisable fit which may enhance comfort and support.

[000104] Various embodiments have provided a device for providing active assistance to

a body joint which is simple and effective. According to various embodiments, the device
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may provide a force or torque against a pivoting motion of a joint and/or augment a pivoting
motion of the joint in a simple and efficient manner.

[000105] While the invention has been particularly shown and described with reference to
specific embodiments, it should be understood by those skilled in the art that various changes,
modification, variation in form and detail may be made therein without departing from the
scope of the invention as defined by the appended claims. The scope of the invention is thus
indicated by the appended claims and all changes which come within the meaning and range

of equivalency of the claims are therefore intended to be embraced.
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Claims

1. A device for providing active assistance to a body joint between a first portion and

a second portion of a body, the device comprising:
a first attachment part configured to hold the device to the first portion of the body;

a second attachment part configured to hold the device to the second portion of the

body; and

at least one spring module interconnecting the first attachment part and the second

attachment part, the at least one spring module comprises
a first elongate link member coupled to the first attachment part;

a second elongate link member coupled to the second attachment part,
wherein the first elongate link member and the second elongate link member are
pivotably coupled to each other at a pivot joint with a pivoting axis perpendicular to
the first and second elongate link members; and

a coil spring extending longitudinally between the first and second elongate
link members and across the pivot joint, wherein a first end of the coil spring is
coupled to the first elongate link member and a second end of the coil spring is

coupled to the second elongate link member.

2. The device as claimed in claim 1, wherein the coil spring of the at least one spring
module is configured to provide a torque, based on a lateral stiffness of the coil spring,
against a relative pivoting motion about the pivot joint between the first and second
elongate link members from a longitudinally aligned disposition of the first and second

elongate link members.

3. The device as claimed in claim 1 or 2, wherein the coil spring comprises a

rectangular-shaped coil spring, a pill-shaped coil spring, or a wedged-shape coil spring.
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4. The device as claimed in any one of claims 1 to 3, wherein the at least one spring
module further comprises a slidable coil-spring-retaining-member at the first elongate link
member, the coil- spring-retaining-member being slidable relative to the first elongate link
member in a manner so as to vary a portion of a length of the coil spring, from the first end
of the coil spring towards the second end, engaged and retained by the coil-spring-

retaining-member to vary an effective length of the coil spring.

5. The device as claimed in claim 4, wherein the coil-spring-retaining-member
comprises a coil-spring-retaining-insert slidable relative to the first elongate link member
in a manner so as to vary a length of the coil-spring-retaining-insert, from a free end of the
coil-spring-retaining-insert towards an opposite end, slidably inserted within the coil spring
from the first end thereof to vary the portion of the length of the coil spring engaged and

retained by the coil-spring-retaining-insert to vary the effective length of the coil spring.

6. The device as claimed in claim 4, wherein the coil-spring-retaining-member
comprises a coil-spring-retaining-bracket slidable relative to the first elongate link member
in a manner so as to vary the length of the coil spring, from the first end of the coil spring
towards the second end, engaged and retained within the coil-spring-retaining-bracket to

vary the effective length of the coil spring.

7. The device as claimed in any one of claims 4 to 6, wherein the at least one spring
module further comprises a locking mechanism to lock the slidable coil-spring-retaining-

member to the first elongate link member.

8. The device as claimed in any one of claims 1 to 7,

wherein a longitudinal end portion of the first elongate link member comprises a

diagonal arm extending therefrom,

wherein a longitudinal end portion of the second elongate link member comprises a

diagonal arm extending therefrom,
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wherein a tip portion of the diagonal arm of the first elongate link member is
pivotably coupled to a tip portion of the diagonal arm of the second elongate link member
in a manner so as to form the pivot joint immediately adjacent a mid-segment of the coil

spring when the coil spring is aligned with the first and second elongate link members.

Q. The device as claimed in any one of claims 1 to 8,

wherein the first elongate link member comprises a hollow frame wherein the first
end of the coil spring is inserted into the first elongate link member and coupled to an inner

wall surface of the first elongate link member, and

wherein the second elongate link member comprises a hollow frame wherein the
second end of the coil spring is inserted into the second elongate link member and coupled

to an inner wall surface of the second elongate link member.

10. The device as claimed in claim 9 in combination with claim 5,

wherein the coil-spring-retaining-insert is slidable inside the hollow frame of the

first elongate link member,

wherein the first elongate link member comprises a longitudinal slot along a wall

portion of the hollow frame, and

wherein the coil-spring-retaining-insert comprises a protrusion extending from the

coil-spring-retaining-insert and through the longitudinal slot.

11.  The device as claimed in any one of claims 1 to 10, wherein each of the first
attachment part and the second attachment part comprises a curved-bracket having a
curvature extending from a first end to a second end, the curvature of the curved-bracket
being shaped to correspond to a transverse contour of the first portion and the second

portion of the body respectively.

12. The device as claimed in claim 11,
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wherein the at least one spring module interconnects the first end of the curved-
bracket of the first attachment part and the first end of the curved-bracket of the second

attachment part,

wherein the first elongate link member is coupled directly to the first end of the

curved- bracket of the first attachment part,

wherein the second elongate link member is coupled directly to the first end of the

curved-bracket of the second attachment part, and

wherein the device is free of other components interconnecting the first end of the
curved-bracket of the first attachment part and the first end of the curved-bracket of the

second attachment part.

13.  The device as claimed in claim 11 or 12, further comprising a linkage assembly
interconnecting the second end of the curved-bracket of the first attachment part and the
second end of the curved-bracket of the second attachment part, the linkage assembly

comprises

a first link rod coupled to the second end of the curved-bracket of the first

attachment part; and

a second link rod coupled to the second end of the curved-bracket of the second

attachment part,

wherein the first link rod and the second link rod are pivotably coupled to each
other at a pivot joint which is coaxial with the pivot joint between the first and second

elongate link members of the at least one spring module.

14.  The device as claimed in claim 11 or 12, wherein the device comprises

a first spring module interconnecting the first end of the curved-bracket of the first

attachment part and the first end of the curved-bracket of the second attachment part, and
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a second spring module interconnecting the second end of the curved-bracket of the
first attachment part and the second end of the curved-bracket of the second attachment

part.

15.  The device as claimed in claim 14, wherein the device is free of other components

interconnecting the first attachment part and the second attachment part.

16.  The device as claimed in any one of claims 1 to 15, wherein the at least one spring

module is removably coupled to the first attachment part and the second attachment part.



