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ELECTRICAL STIMULATION FOR ORTHOPEDIC DEVICES

[1]

FIELD OF THE DISCLOSURE

[2]

This disclosure relates to orthopedic devices, and more particularly to orthopedic

devices providing corrective support and/or joint adjustment in combination with electrical
stimulation of surrounding or proximate musculature.
[3]

BACKGROUND

[4]

Orthopedic devices, such as braces, are periodically rejected due to the tendency of

muscles weakening because of wearer over reliance of the brace. This phenomenon occurs
when the brace immobilizes the target condition it should treat, such as osteoarthritis, by
delaying eventual recovery. The wearer may become more reliant on the brace for support
and less reliant on the actual muscles for stabilizing the joint.
[5]

In the example, osteoarthritis is a progressive degenerative joint disease that often

results in disability and a loss of joint function. Osteoarthritis of the knee may be debilitating
since the knee is stressed from daily activities, such as walking up and down stairs, or even

when resting. Osteoarthritis causes a gradual breakdown of the cartilage in the joints. As the
disease progresses and cartilage wears away, the bones rub and grind against each other cause
pain.
[6]

Knee osteoarthritis is a chronic degenerative condition in that it gradually worsens. In

the early stages of development, people often cut back on their activities or work because of
discomfort and pain. Advanced knee osteoarthritis is associated with pain, stiffness and
inflammation.
[7]

In a healthy knee, cartilage covers the ends of the bones and prevents them from

rubbing against each other. As the surface of the cartilage breaks down, small cracks and
indentations may form. In a mild case of osteoarthritis, the knee might show signs of varus
misalignment.

Over time, sections of cartilage wear down, reducing flexibility and

increasing the likelihood of becoming damaged by daily activities. The lubricating fluid
(synovial fluid) breaks down and become less effective, while cracks and pits continue to
appear in cartilage. As the knee degenerates, the leg develops a bowed appearance.

[8]

In severe osteoarthritis, bones are left unprotected as large sections of the cartilage are

worn away, resulting in pain from bones grating against each other as they move. Pain and
damage may arise from small fragments of cartilage that have become detached and may be
floating around the joint. Externally, the leg will often appear severely bowed in relation to

the thigh.
[9]

Many braces used to address osteoarthritis immobilize the knee and take up some

muscle function used otherwise by the user's muscles. These braces can often eliminate or
postpone the need for surgery, and have none of the effects of pain-relief medication. The
braces have a tendency to replace or minimize quadriceps function. Quadriceps weakness,
however, is also a cause for development of osteoarthritis of the knee and is one of the issues
that a physical therapist attempts to rehabilitate when treating a user with osteoarthritis of the
knee. By treating the knee with a brace, improvement of muscle weakness is inhibited and

the user is unable fully recover muscle strength.
[10]

As well understood, the quadriceps muscles are the muscles in the anterior surface of

the thigh, and include four separate muscles groups: rectus femoris, vastus lateralis, vastus
medialis, and vastus intermedius.

Quadriceps weakness is commonly associated with

osteoarthritis of the knee is widely believed to result from disuse atrophy secondary to pain in
the involved joint. Quadriceps weakness is a primary risk factor for knee pain, disability, and
progression of joint damage in persons with osteoarthritis of the knee.
[ 1 1]

Studies have shown regular, moderate exercise is also beneficial to arthritis sufferers.

It helps keep the joints flexible and increases the range of motion. When one exercises, the

body releases endorphins, which are natural painkillers. It is therefore advantageous not only
to use and strengthen the muscles, but moderate usage of the muscles can improve the

condition of osteoarthritis sufferers.
[12]

It has been found that certain orthopedic devices provide dynamic strengthening of

muscle groups when stabilizing a joint. A dynamic osteoarthritis knee brace ("OA brace")
includes straps arranged to load muscle groups between extension and flexion during gait, as
described in U.S. patent no. 7,198,610, issued on April 3, 2007. In the OA brace, force straps
exert a load on the quadriceps through dynamic extension resistance while unloading
compartments of the knee to provide correct joint orientation.
[13]

Figs. 1A and IB exemplify known OA braces having one or more force straps. In

Fig. 1A, the OA brace employs a medial upright with a valgus bend plus an opposing

dynamic force strap to generate a three-point leverage system that unloads the medial

compartment of the knee. The quadriceps resist the load as the knee goes into extension
actively allowing for some quadriceps use to maintain some strength of the leg while wearing
a brace.
[14]

Fig. IB shows a similar three-point leverage system by including a flexible upright

and including dual dynamic force straps to disperse the counter force that the quadriceps

resist across two points of contact. The force on the knee is arranged to reduce the pressure
on the affected part of the knee, resulting in reduction in pain, and allowing the patient to use
the knee normally and more frequently.
[15]

Some users wearing the aforementioned OA braces may not understand when to

activate the quadriceps during a gait cycle, particularly at certain points, or they may require
additional muscle strengthening at the quadriceps or other areas such as the gluteus medius to
assure better corrective therapy for treating osteoarthritis of the knee.
[16]

As discussed herein, electrical stimulation may be of the type commonly referred to as

Transcutaneous Electrical Nerve Stimulation (TENS) used primarily as a pain blocker by
creating a buzzing sensation that blocks a pain signal from the nerve where it is perceived in
the brain as pain. Electrical Muscle Stimulation or Neuromuscular Electrical Stimulation
(NMES) is used to affect the muscle by targeting it to prevent retardation or muscular disuse
atrophy, and provide relaxation of muscle spasms, muscle reeducation, blood circulation and
activation. The intensity of either TENS or NMES may be modified accordingly to increase
cocontraction.
[17]

TENS and NMES are interchangeably referred to herein to as "electrical stimulation,"

with the recognition that the type of stimulation may vary according to its particular
application (i.e., pain blocking or muscle activation, respectively).
[18]

NMES is the elicitation of muscle contraction using electric impulses and has

received increasing attention in the last few years because it has the potential to serve as: a
strength training tool; a rehabilitation and preventive tool for partially or totally immobilized
patients; a testing tool for evaluating the neural and/or muscular function in vivo; and a postexercise recovery tool for individuals. The impulses are generated by a device and delivered
through electrodes on the skin in direct proximity to the muscles to be stimulated. The
impulses mimic the action potential coming from the central nervous system, causing the
muscles to contract.

[19]

SUMMARY

[20]

An orthopedic device according to the disclosure may be arranged for immobilization

or joint correction and has an electrical stimulation system for activating muscle groups
and/or providing user feedback on how to activate muscle groups during a gait cycle or other
joint movement. The orthopedic device may achieve at least one of the following: (a) reduce
pain by disrupting the pain signals, (b) stimulate the muscles such as the vastus medialis,
vastus lateralis, and gluteus medius to reduce an additional load onto the affected
compartment for better protection of cartilage and reduction in pain, and (c) mildly stimulate
muscles to provide user feedback on how to modify a gait pattern to reduce a load on the
affected compartment.
[21]

A first embodiment of the orthopedic device includes a brace support in combination

with a garment, such as a sleeve or brace liner, having an electrical stimulation system
including sensors arranged to detect gait position or other joint movement.

Electrodes

mounted on the garment are adapted to activate muscle groups upon detection of certain
criteria requiring activation of muscles in a healthy joint.
[22]

In the instance of a gait cycle of a leg, the activation of muscles may occur at certain

locations of a normal gait.

The muscles are gradually or periodically activated during

extension of a leg. The electrical stimulation system may also be adapted to activate muscle
groups upon detection of certain conditions such as when a user walks up or down stairs.
[23]

According to a method of the disclosure, the orthopedic device is donned with the

brace support over the garment carrying the electrical stimulation system.

The garment

includes a plurality of sensors that continuously sense and analyze motion. A processor may
be provided which calculates the movement of the joint and directs an appropriate response
by stimulating preselected muscle groups.
[24]

Accelerometers and sensors (for displacement, force and angle) may sample joint

motion by identifying specific joint motion events such as gait. The motion is analyzed
continuously, with gait pattern recognition algorithms detecting when a user is walking on
slopes, stairs (up or down), and remaining stationary or seated. If it is determined the user is

on an incline the processor sends signals to electrodes mounted at various positions of the
garment in communication with the electrical stimulation system for causing activation, such
as contraction, of muscles and/or muscle groups at various selected levels. The electrical

stimulation may be dynamic in that it varies during gait according to muscle activity at any
point.
[25]

Alternatively to the electrical stimulation for activating muscle groups, the level of

stimulation may be more attenuated to provide biofeedback to the user as a reminder to use
muscles, particularly in combination with the support at various positions of the joint.
[26]

The apparatus carrying the electrodes may be arranged in a variety of configurations

to cover different muscle groups.

Regarding a garment provided for a user with

osteoarthritis, the sleeve may be adapted to include electrodes at the quadriceps and gluteus

medius to provide more complete realignment of the knee through muscle stimulation.
[27]

Alternatively or besides the aforementioned sampling of motion, the sensor system

may be adapted according to different severities of osteoarthritis. The adduction moment of
the knee is considered a factor most correlated with knee osteoarthritis. The sensor system
can be adapted to detect gait and activate electrodes at levels under the gait moment

adduction during the gait cycle, as the overall magnitude of the adduction waveform over the
gait cycle increases with both disease and severity level of osteoarthritis.
[28]

The sensor system may have a plurality of different sequences stored according to

severities of osteoarthritis derived from adduction moments. The electrodes are activated
according to the percent of the gait cycle and the severity of the osteoarthritis, as derived
from different and corresponding adduction moments.
[29]

Under the described embodiments, the electrical stimulation may be TENS to

alleviate pain, or may be NMES to activate muscle groups or to provide minimal sensory
feedback.
[30]

Besides modifying the electrical stimulation system during a joint movement cycle,

the electrical stimulation system can be modified or programmed to provide electrical
stimulation at different times of the day. Alternatively, the electrical stimulation system can
be activated during physical activity (i.e., on or off), or it can be selectively programmed to
provide electrical stimulation upon certain conditions during physical activity (dynamically
controlled).
[31]

The brace support may have electrodes incorporated therein.

Electrodes of the

electrical stimulation system may be incorporated into the spacer elements, as taught in U.S.

patent no. 7,198,610, so electrical stimulation is applied to the user at areas adjacent to the
spacer elements.

These spacer elements can be selectively on particular areas of a

rehabilitative orthopedic device carrying such spacer elements. Further, the layers of the
spacer element and the electrodes, irrespective of any supporting device, can be combined in
a single unit and applied with suitable strapping or other means for application in providing
electrical stimulation.
[32]

In continuing referring to U.S. patent no. 7,198,610, the various straps can be adapted

to incorporate the electrodes of the electrical stimulation system; alternatively additional pads

may be added to the straps or at other locations to enable electrode stimulation. The brace of
the '610 patent is primarily arranged for treatment of osteoarthritis.

Such electrical

stimulation system electrodes are advantageous for incorporation into the brace and the straps
or spacer elements for additional treatment of arthritis of the knee in combination with the
other features of the brace of the '610 patent.
[33]

Particularly, the orthopedic device can measure and provide feedback on range of

motion (ROM). The electrical stimulation system can be employed throughout the range of
motion, and may selectively provide stimulation at certain points through the range of
motion. Alternatively, an electrode matrix of the electrical stimulation system may be relied
on to provide stimulation at various stages throughout the range of motion depending on
when it is determined that additional muscular activity is required. Electrical stimulation may
be in combination with the ROM measurement and feedback, and the electrical stimulation
system to measure muscular activity throughout the range of motion.
[34]

BRIEF DESCRIPTION OF THE DRAWINGS

[35]

The inventive orthopedic device is described referring to the accompanying drawings

showing preferred embodiments according to the device described. The device as disclosed
in the accompanying drawings is illustrated for example only.

The elements and

combinations of elements described below and illustrated in the drawings can be arranged
and organized differently to result in embodiments still within the spirit and scope of the

device described.
[36]

Figs. 1A and IB are schematic views showing loads on a leg of a user from an

osteoarthritis knee support.
[37]

Fig. 2 is a schematic view showing an embodiment of an orthopedic device.

[38]

Fig. 3 is a schematic view showing another embodiment of an orthopedic device.

[39]

Fig. 4 is a schematic view showing another embodiment of an orthopedic device over

the leg of the wearer.
[40]

Fig. 5 is a detailed view showing the orthopedic device of Fig. 4 .

[41]

Fig. 6 is a detailed view of a liner used in the orthopedic device of Fig. 5 .

[42]

Fig. 7 is an exemplary graph showing the stimulation over positions of gait.

[43]

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS

[44]

A.

[45]

A better understanding of different embodiments of the disclosure may be had from

Overview

the following description read in conjunction with the accompanying drawings in which like
reference characters refer to like elements.
[46]

Fig. 2 provides an exemplary embodiment of an orthopedic device 2 having both a

knee support 10 and a garment 12. The knee support 10 is in the form of an OA brace
generally of the type described in U.S. patent no. 7,198,610, whereas the garment 12 is in the
form of a sleeve. The garment 12 includes an electrical stimulation system including a
controller/processor 14 and a plurality of electrodes 16 connected to the controller 14. At
least one sensor or accelerometer 18, 20 is either on the OA brace 12 (such as on the struts
22) or on the garment 12.
[47]

Support may be of any type of brace, and is not limited to the leg or knee. The

garment may be formed from a textile or other suitable material providing a low-profile,
lightweight soft device.
[48]

The OA brace 10 includes straps 24, 26 applied a load to the knee, which the

quadriceps resists at least in part the load on the knee. From this recognition, the user can
strengthen or at least use the quadriceps to inhibit the possibility of atrophy. When combined
with the garment 12, the electrodes 16 can activate certain muscles, such as the quadriceps, at
certain stages of the gait cycle (such as at extension). Alternatively, the electrodes 16 may
provide a signal to the user to activate certain muscles on his own to know when to tighten,
contract or otherwise employ, his muscles at particular stages of the gait cycle and activate
muscles despite wearing a knee support. In yet another alternative, the electrodes can be
arranged to block pain at strategic locations about the knee.
[49]

When used in supplement to the OA brace, the electrical stimulation system allows

for improved activation of certain muscles by electrical stimulation, enhancing the impact

from the OA brace. In the instance of an OA brace configured to provide pain relief from
compartmental arthritis of the knee, the electrical stimulation system can strengthen the
certain muscle groups and cause them to activate in a timely manner.
[50]

The electrical stimulation system can be adapted so it is dynamically increased or

decreased over the gait cycle or activated from on and off settings at certain positions of the
gait cycle. The electrical stimulation system can adapt to various walking conditions, such as

inclines and stairs, to provide the stimulation over changed conditions.
[51]

The garment 12 may be worn over the leg with or without the OA brace. If the user

has reached a certain strength level of the leg and respective muscles and the OA brace is

unnecessary, the garment 12 be used alone as a reminder to the user of when to use certain
muscles in a gait cycle, or can activate muscles at certain movements.
[52]

The embodiment of Fig. 3 exemplifies a garment 28 not limited locally to the OA

brace 10, but extends to certain muscles including the gluteus medius with electrodes 30. It
has been found that knee issues are related to the hip muscles so that working the quadriceps

may not be sufficient for some users. Connection of electrodes 30 to the gluteus medius
and/or other relevant muscles may attribute to enhanced realignment of the knee in
combination with the OA brace.
[53]

The electrical stimulation system, at least for treatment of osteoarthritis of the knee,

may be arranged according to the adduction moment gait waveform of the user or may be
selectable among a variety of osteoarthritis stages. The controller/processor may include a

menu by which the user can select different levels of electrical stimulation indexed to various
adduction moment gait waveforms.

As the user goes through the gait cycle, and the

movement of the user is tracked by the electrical stimulation system, the electrical stimulation
is activated according to a selected level. The electrical stimulation is dynamic in that it

varies according to the gait cycle.
[54]

In the embodiment of Figs. 4-6, an orthopedic device 50 includes a brace support 56

having the general configuration of the OA brace 10 having at least one strap 58, 60) for
providing corrective orientation of a joint and unloading of the joint.

The OA brace 56

includes an upper frame 62 connected to a lower frame 64 mounted on the lower leg portion
LL by upper and lower struts 72, 74 secured to one another by a hinge 66.
[55]

The orthopedic device 50 has an electrical stimulation system 5 1 for providing an

electrical signal to a user's musculature at or proximate to the joint.

The electrical

stimulation system 51 provides at least one electrical pulse to the musculature in supplement
to the corrective orientation of the joint to induce contraction of the musculature.

The

electrical stimulation system may include at least one electrode (70) for generating the
electrical pulse and a control unit 52 connected at the user's hip H or waist and the at least
one electrode 70.
[56]

The connection of the control unit 52 may be to a belt or garment that holds the

control unit as the user wears the device and undergoes movement. The control unit 52
connects to the least one electrode 70 mounted on a thigh liner 68 carried by an upper frame
62 of the OA brace extending over the upper leg portion UL.
[57]

The orthopedic device includes a sensor module for determining movement and

orientation of a user's limb for selectively activating the at least one electrode according to
predefined criteria and feedback from the sensor module. The sensor module may include
sensors 76, 78 at various locations of the brace support 56.
[58]

Force straps 58, 60 extend between the upper and lower frames 62, 64, and arranged

to spiral about the user's upper and lower leg portions UL, LL. The force straps 58, 60

tighten around the upper and lower leg portion UL, LL and exert forces on the knee Fl, F2
when the user's leg goes into extension.
[59]

The electrode 70 is aligned or arranged proximate to the vastus medialis 54 of the

user's upper leg portion UL.

Placing the electrode 70 on the liner 68 assures proper

alignment of the electrode 70 with the vastus medialis. The electrode 70 may be secured to

the liner by glue or detachably secured by hook and loop fasteners, or by other means. The
liner may be of the type described in U.S. patent application publication no. 201 1/0218471,
published on September 8, 201 1. Multiple electrodes may be installed on the liner or at other
select portions of the OA brace or separate components.
[60]

The control unit 52 is arranged to provide a signal to the electrode 70 depending on a

variety of factors. The control unit can have both pre-set programs arranged to deliver both
TENS and NMES signals depending on the desired treatment.
[61]

According to a variation, the control unit has a gait setting arranged to change control

to an accelerometer attached to the lower frame of the device 50. The accelerometer can

detect changes in gait speed and the type of gait the person of walking. Differences in gait

include walking on level ground, up/down stairs or incline, or the speed of the gait such as for
walking or running. Depending on the type of gait, the electrode is controlled or modified in

intensity and function to provide stimulation to the vastus medialis depending on the load
level going through the affected compartment.

The function of the electrode may be

activated only as needed, just as the force straps of the OA brace only apply force as need.
[62]

The control unit may be arranged to allow the user to adjust the level of stimulation

applied both during the present conditions and during the gait pattern control.

This

arrangement considers a predetermined severity of osteoarthritis in correlation to the pain the
user experiences prior to getting the orthopedic device. Users having more pain may require
a higher level of stimulation during gait than users with less pain.
[63]

In observing Fig. 7, a graph shows how the orthopedic device affects the user's pain

over a gait cycle. The x-axis is the range of motion of the knee showing the complete stance
phase, and the y-axis is the adduction moment going through the knee.

The peak A

represents the highest adduction moment going through the knee right after heel strike at 0
degrees. The peak B is at push off with the knee at full extension.
[64]

Reference line 80 illustrates a user having osteoarthritis pain over gait with the peaks

representing extension and flexion, and reference line 86 represents a user without
osteoarthritis pain. Reference line 82 contrasts the user's pain with an OA brace versus
reference line 84 representing a user wearing the orthopedic device including both the OA
brace and the controllable electrode. The overall pain is reduced compared to using an OA
brace, and is much closer to that of the reference line 84 for a user without osteoarthritis.
[65]

At least one electrode and/or at least one sensor can be incorporated into the liner

body itself or may alternatively be placed on the frames, struts or hinge of the brace support,
or remotely from the brace support either on a garment or by themselves or by other known
means.

In another variation, at least one electrode and/or at least one sensor may be

separately applied to the user's leg, both upper and/or lower leg portions, and/or at the knee
by a garment or other type of attachment means. At least one electrode and/or at least one
sensor may be placed into or onto sleeves, socks, bands, or as other layers of material that
may be incorporated into the OA brace or other devices placed over the user's limbs.
[66]

At least one electrode and/or at least one sensor may be held in place through grooves,

channels, pockets, and/or other attachment means. The pockets may have opened or closed
ends for selectively installing or removing the at least one electrode and/or at least one

sensor. Further, an array or electrodes and/or sensors may extend over the liner or other

portions of the OA brace or separate components aimed to carry the at least one electrode

and/or at least one sensor. The electrodes and/or sensors may be made of rigid, soft, or a
combination of rigid and soft materials.
[67]

The control unit may be wirelessly connected or wired to the electrode or a plurality

of electrodes at locations on the OA brace. The control unit may have a display and control
keys permitting the user to select the various programs for activating the electrode. Various
sensors or sensor modules may be located within the control box or placed at locations along
the OA brace, as shown in Fig. 5 with sensors 76, 78 on the upper and lower frame elements
62, 64. These sensors may also be at the hinge 66, and/or the struts 72, 74.
[68]

A sensor module may include: kinematic sensors, single-axis gyroscopes, single- or

multi-axis accelerometers, load sensors, flex sensors or myoelectric sensors. U.S. patent no.
5,955,667, granted September 21, 1999, U.S. patent no. 6,301,964, granted October 16, 2001,
and U.S. patent no. 6,513,381, granted February 4, 2003, also illustrate examples of sensors
that may be used with embodiments of the disclosure.
[69]

In certain embodiments, one or more acceleration sensors may include an XSENS

acceleration sensor, such as the MT9 Inertia! 3D motion tracker commercially available from
XSENS Motion Technologies (Netherlands). In yet other embodiments, other suitable types
of acceleration or movement reading sensors may also be used. The sensor module may
include a gyroscope configured to measure angular speed. In other embodiments, the sensor
module includes a plantar pressure sensor configured to measure the vertical plantar pressure
of a specific underfoot area. Other movement signal (s) in a reference plane can also be
utilized, such as measurements of centrifugal force, magnetic field and/or electromagnetic
field.
[70]

A sensor module may be configured to detect gait patterns and/or events. The sensor

module may determine whether the user is in a standing/stopped position, is walking on level
ground, is ascending and/or descending stairs or sloped surfaces, or the like.

The sensor

module may detect when the user has moved to a relaxed position, such as sitting, crossing
legs, reclining, lying down, crawling, leaning, etc. The sensor module may detect these

relaxed positions by measuring combinations of vertical acceleration, horizontal/lateral
acceleration, and time. In one embodiment, the measured vertical acceleration corresponds to
the force of gravity.

[71]

In the embodiment of Figs. 4 and 5, at least one sensor of the sensor module is

incorporated or located with the electrode 70. Sensors may be placed at other locations, such
as in the embodiment of Fig. 2 .
[72]

The accelerometer may measure an angle of the lower limb relative to vertical, which

may then determine an angle of the limb relative to the ground. As the limb rotates from the
upright, vertical position, the corresponding force of gravity will vary relative to the degree of
rotation. For instance, when the limb is in an upright, vertical position, the accelerometer may
measure the standard force of gravity, 9.8 m/s2. As the limb rotates from the vertical position,
the accelerometer may measure a fraction of the Earth's global force of gravity relative to the
changing angle of the limb regarding the ground. A sensor module configured to measure
acceleration in the vertical plane may determine the stationary angle of the limb regarding the
ground
[73]

In an example, the sensor module may indicate the limb is tilted at an angle of 90 deg.

Regarding the ground. This might indicate, for example, that the user is lying completely flat
on the back. Alternatively, the sensor module may indicate the limb is at an angle of 45 deg.
Regarding the ground. That may indicate perhaps that the user is sitting down with egs
outstretched in such a manner as to form a 45 deg. angle regarding the ground.
[74]

A ground contact sensor may be used in the orthopedic device wherein axial

displacement of the sensor moving part represents the ground contact occurrence. In certain
embodiments, the sensor moving part axial displacement is detected and/or measured with :
load ce l, non-contact magnetic sensor, optical encoder, mechanical switch, magnetic switch;
inductive sensor, capacitive sensor, magnetic encoder, reflective infrared sensor, piezoelectric
sensor, Hall-effect sensor and conductive rubber.
[75]

While the exemplary embodiments describe the orthopedic device as used with an OA

brace for treating osteoarthritis of the knee, a brace may be employed for treating other joints
such as the elbow or shoulder.
[76]

The embodiments described may be adapted in prosthetic devices wherein a hard

prosthetic socket and liner system may be equipped sensors and/or electrodes for stimulating
function of the user's leg outside of the socket. Examples of sockets and liner systems are
found in the following patents: U.S. patent no. 7,780 74

granted August 24, 20 0 U.S.

patent no. 7,438,843, granted October 21, 2008, and U.S. patent no. 5,718,925, granted
February 17, 1998. The extension of the orthopedic device embodiments is not limited to

prosthetic sockets, but can be employed in other prosthetic components as well for
rehabilitating residual limbs and intact limbs.

CLAIMS

1.

An orthopedic device (50) comprising:

a brace support (56) having at least one strap (58, 60) for providing corrective orientation of a
joint and unloading of the joint; and

characterized in that an electrical stimulation system (51) for providing an electrical signal to
a user's musculature at or proximate to the joint for providing at least one electrical pulse to
the musculature in supplement to the corrective orientation of the joint to induce contraction
of the musculature.

2 . The orthopedic device of claim 1, characterized in that the brace support (56) includes a

liner (68), and the electrical stimulation system (51) includes at least one electrode (70)
connected to the liner (68).

3 . The orthopedic device of claim 2, characterized in that the brace support (56) has a frame

portion (62) along which the liner (68) is secured, the liner (68) facing the musculature of a
user.

4 . The orthopedic device of claims 2 or 3, characterized in that the at least one electrode (70)

is removably secured to an inner surface of the liner (68) directed to the musculature of a

user.

5 . The orthopedic device of any one of claims 1-4, characterized in that the at least one

electrode (70) is arranged for placement against a quadriceps of a user above a knee joint of

the user.

6 . The orthopedic device of any one of the preceding claims, characterized in that the brace

support (56) has a rigid or semi-rigid upper frame portion (62) and the liner (68) is

substantially flexible and compressible, the at least one strap (58, 60) is arranged to spiral
between the upper frame portion (62) and a lower frame portion (64).

7 . The orthopedic device of any one of the preceding claims, characterized in that the at least

one electrode (70) is located on a medial side of the brace support (56), and the at least one
strap (58, 60) including first and second straps (58, 60) arranged to extend above and below,

respectively, a knee joint on a lateral side of the brace support (56), the first and second straps
(58, 60) intersecting between the lateral and medial sides of the brace support (56).

8 . The orthopedic device of any one of claims 2-7, characterized in that the at least one

electrode (70) is located on a side of the brace support (56) opposite a side in which the at
least one strap (58, 60) urges a force against a user's joint.

9.

The orthopedic device of any one of the preceding claims, characterized in that the

electrical stimulation system (51) includes a control unit (52) connected to the at least one
electrode (70), the control unit (52) arranged to control activity of the at least one electrode
(70).

10. The orthopedic device of claim 1, characterized in further comprising a garment (28)

carrying at least one electrode (70) belonging to the electrical stimulation system (51), the
garment (28) arranged to extend over a user's hip joint and one of the at least one electrode
(70) is located proximate to or at a user's hip joint.

11. The orthopedic device of claim 1, characterized in that the brace support is a knee brace
and the electrical stimulation system (51) is arranged to selectively generate an electrical

impulse at certain stages of a user's gait.

12. The orthopedic device of claim 1, characterized in that the electrical stimulation system

(51) includes at least one electrode (70) arranged to correspond over a user's vastus medialis.

13. The orthopedic device of claim 11, characterized in that the electrical stimulation system

(51) includes a control unit (52), and a sensor module (30) arranged to detect movement and

orientation of a user's leg, the control unit (52) selectively operates the at lest one electrode
(70) according to feedback from the sensor module (30).

14. The orthopedic device of claim 11, characterized in that the sensor module (30) includes

at least one sensor (76. 78) incorporated within or along frame sections (62, 64) of the brace

support (56).

15. The orthopedic device of claim 14, characterized in that the electrical stimulation system

(51) includes a control unit (52) wirelessly connected to the at least one sensor (76, 78) and

the at least one electrode (70), the control unit (52) located remotely from the brace support
(56).
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