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(57) Abstract: Devices and methods of treating a targeted body tissue by stimulating the body tissue with an electric current. In one
embodiment, an apparatus includes an electrode carrier configured to be removably coupled to an interior surface of an orthosis. The
electrode carrier includes a recess configured to matingly receive a portion of an electrode. The electrode carrier is electrically
coupled to the electrode when the portion of the electrode is disposed within the recess. A connection member is electrically coupled
to the electrode carrier and is configured to be releasably coupled to a surface of the orthosis. The electrode carrier is electrically
coupled to the orthosis when the connection member is coupled to the orthosis. In some embodiments, the electrode carrier is con -
figured to be removably coupled to the interior surface of the orthosis. In some embodiments, at least a portion of the electrode is
constructed of an absorptive material.
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ELECTRODE FOR MUSCLE STIMULATION ’

Cross-Reference to Related Applications

[0001] This application claims priority to and is a continuation of U.S. Patent Application
Serial No. 13/169,553 filed June 27, 2011, entitled “Electrode for Muscle Stimulation,”

which is incorporated herein by reference in its entirety.

Background

[0002] The invention relates generally to medical devices and more particularly to an
electrode kit for use in functional electrical stimulation treatment in conjunction with an

orthosis.

[0003] An orthosis, such as a splint, cuff or garment, can be used in conjunction with an
electrode to provide electrical stimulation of, for example, paralyzed limbs in therapeutic
exercises and for generating limb function during functional electrical stimulation (FES). An
electrode kit for such use can include, for example, a base portion that can be attached to an
interior surface of an orthosis and an electrode assembly including an electrode and a pad that
contacts the surface of the patient's skin. In such FES devices, the contact with the pad can
cause irritation to the patient’s skin. For example, many known FES devices include the use

of hydro-gel electrodes that can cause skin irritation to the patient over prolonged use.

[0004]  FES is a means to communicate with the neuromuscular system for producing
contraction in muscles or sensory input to the body. FES can be used in neuroprostheses for
restoring active function to paralyzed or plegic body limbs in patients suffering disease or
trauma to the central nervous system, in neurological conditions such as stroke, spinal cord
injury, head injury, cerebral palsy and multiple sclerosis. Surface FES systems use controlled
electrical currents through electrodes placed on the surface of the body, in order to trigger
contraction from muscles underlying the electrode or to input sensory stimulus. Surface
neuroprostheses can coordinate the FES-activation of several muscles of the limb alone, or in
coordination with voluntary activation of muscles under natural neurological control. Surface
neuroprostheses are in use today for functional activities such as walking, standing,

gripping/releasing objects, etc.
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[0005] Activation of selected muscles of a limb by FES to generate controlled
movements has been used, both as a therapeutic modality and for the improvement or
restoration of activities of daily living (ADL) or functional restoration. Devices based on
surface electrical stimulation which have been developed for activating specific body sites
include, for example, the dropfoot system, which activates the ankle joint, modifying
hemiplegic gait; hybrid FES-orthosis systems for restoring gait in spinal cord-injured

patients, and systems for therapeutic activation and functional restoration of the hand.

[0006] In many of the known FES devices, replacement of dried-out pads and/or
electrodes can be complex, making it difficult for a patient to perform without assistance. In
addition, the location of the pad relative to the electrode is not always well-defined,
producing a possible misalignment between the electrode and the motor point of the muscle,
which can cause an undesirable overflow of the electrical stimulus. Thus, electrode
placement is an important issue for surface neuroprostheses and involves accurately
positioning the electrodes over the motor points of the muscles to be activated. Accurate
electrode positioning can ensure activation of the correct muscle without overflow to
unwanted muscles, sensory tolerance of the stimulation current intensity needed to produce

the desired response, and the quality of the muscle contraction.

[0007] Thus, there is a need for an electrode and/or electrode kit for use in conjunction
with an orthosis that can be easily and accurately attached to and removed from the orthosis
by the clinician or by the patient. There is also a need for an electrode that provides patient

comfort and reduces or eliminates skin reactions to the electrode.
Summary of the Invention

[0008] Systems, devices and methods for treating a targeted body tissue (e.g., bone,
soft tissue, muscle, ligaments, etc.) by stimulating the body tissue with an electric current are
described herein. In one embodiment, an apparatus includes an electrode carrier configured
to be removably coupled to an interior surface of an orthosis. The electrode carrier includes a
recess configured to matingly receive a portion of an electrode. The electrode carrier is
electrically coupled to the electrode when the portion of the electrode is disposed within the
recess. A connection member is electrically coupled to the electrode carrier and is configured
to be releasably coupled to a surface of the orthosis. The electrode carrier is electrically

coupled to the orthosis when the connection member is coupled to the orthosis. In some
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embodiments, the electrode carrier is configured to be removably coupled to the interior
surface of the orthosis. In some embodiments, at least a portion of the electrode is

constructed of an absorptive material.
Brief Description of the Drawings

[0009] - FIG. 1 is a schematic illustration of an electrode device according to an

embodiment.

[00010] FIG. 2 is a side view of an electrode device according to an embodiment.
[00011] FIG. 3 is a side view of a base of the electrode device of FIG. 2.

[00012] FIG. 4 is a top view of the base of FIG. 3.

[00013] FIG. 5 is a bottom view of the base of FIG. 3.

[00014] FIG. 6 is a top view of a portion of the base of FIG. 3.

[00015] - FIG. 7 is a cross-sectional view of the portion of the base of FIG. 6 taken along
line B-B in FIG. 6.

[00016] FIG. 8 is a cross-sectional view of the portion of the base of FIG. 6 taken along
line A-A in FIG. 6.

[00017]  FIG. 9 is a cross-sectional view of the portion of the base of FIG. 6 taken along
line C-C in FIG. 6.

[00018] FIG. 10 is an enlarged detail view of detail D in FIG. 9.
[00019] FIG. 11 is a bottom view of an electrode carrier of the base of FIG. 3.
[00020] FIG. 12 is a top view of the electrode carrier of FIG. 11.

[00021] FIG. 13 is a cross-sectional view of the electrode carrier of FIG. 11 taken along
line A-A in FIG. 11.

[00022] FIG. 14 is a perspective view of a portion of the base of FIG. 3.

[00023] FIG. 15 is an exploded view of a portion of the electrode carrier of FIG. 11.
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[00024] FIG. 16 is a bottom view of a portion of the electrode carrier of FIG. 11.

[00025] FIG. 17 is a cross-sectional of the portion of the clectrode carrier of FIG. 16 taken
along line A-A in FIG. 16.

{00026] FIGS. 18(a), 18(b) and 18(c) are a top view, side view and bottom view,

respectively, of a portion of the electrode carrier of FIG. 11.

[00027] FIG. 19 is a side cross-sectional view of an electrode assembly according to an

embodiment.
[00028] FIG. 20 is a perspective view of the electrode assembly of FIG. 19.
[00029] FIG. 21 is an exploded view of the electrode assembly of FIG. 20.

[00030] FIG. 22(a) and FIG. 22(b) are enlarged views of detail B in FIG. 19 and detail C
in FIG. 19, respectively.

[00031] FIG. 23 is a side cross-sectional view of a portion of the electrode assembly of
FIG. 19.

[00032] FIG. 24 is an exploded view of the portion of the electrode assembly of FIG. 23.

[00033] FIG. 25(a) and FIG. 25(b) are enlarged views of detail B in FIG. 23 and detail C
in FIG. 23, respectively.

[00034] FIG. 26 is a side view of an orthosis and electrode devices according to an

embodiment.

[00035] FIG. 27 is a perspective view of a portion of the orthosis and electrode devices of
FIG. 26.

[00036] FIG. 28 is a perspective view of an other embodiment of an orthosis and an

electrode device.

[00037] FIG. 29 is a front view of a panel that can be used with an electrode device,

according to an embodiment.

[00038] FIG. 30 is a back view of a portion of the panel of FIG. 29.
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[00039] FIG. 31 is an illustration of the panel of FIG. 29 shown with electrode devices
coupled thereto and an orthosis device to which the panel and electrode devices can be

coupled.

[00040] FIG. 32 is a front view of an electrode assembly according to another

embodiment.
[00041] FIG. 33 is a back view of the electrode assembly of FIG. 32.

[00042] FIG. 34 is an exploded view of a portion of an electrode assembly according to an

embodiment.

[00043]  FIG. 35 is a partial exploded view of the electrode assembly of FIG. 34.
[00044] FIG. 36 is a top perspective view of the electrode assembly of FIG. 35.
[00045] FIG. 37 is a bottom perspective view of the electrode assembly of FIG. 35.
[00046] FIG. 38 is a top view of the electrode assembly of FIG. 35.

[00047] | FIG. 39 is a bottom view of the electrode assembly of FIG. 35.

[00048] FIG. 40 is a right side view of the electrode assembly of FIG. 35.

[00049] FIG. 41 is a left side view of the electrode assembly of FIG. 35.

[00050]  FIG. 42 is a front end view of the electrode assembly of FIG. 35.

[00051] FIG. 43 is arear end view of the electrode assembly of FIG. 35.

[00052] TIG. 44 is a front perspective view of the electrode assembly of FIG. 35 and a

panel member according to an embodiment.
[00053] FIG. 45 is a front or inside view of the panel member of FIG. 44.

[00054] FIG. 46 is an exploded view of the panel member of FIG. 45 and electrode

assembly of FIG. 35 with the panel member shown transparent.

[00055] - FIG. 47 is a front perspective view of an electrode assembly according to an

embodiment.
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[00056] FIG. 48 is an exploded view of the electrode assembly of FIG. 47.
[00057] FIG. 49 is a bottom perspective view of the electrode assembly of FIG. 47.

[00058] FIG. 50 is a top view of two conductor members of the electrode assembly of FIG.
47.

[00059] FIG. 51 is a front perspective view of the electrode assembly of FIG. 47 shown
partially transparent.

[00060] - FIG. 52 is a top view of the electrode assembly of FIG. 47.
[00061] FIG. 53 is a bottom view of the electrode assembly of FIG. 47.
[00062] FIG. 54 is a right side view of the electrode assembly of FIG. 47.
[00063] FIG. 55 is a left side view of the electrode assembly of FIG. 47.
[00064] FIG. 56 is a front end view of the electrode assembly of FIG. 47.
[00065] FIG. 57 is a rear end view of the electrode assembly of FIG. 47.

[00066] FIG. 58(a) through 58(e) are each an illustration showing a step in a method of

preparing an electrode assembly for use with an orthosis device.
Detailed Description

[00067] Devices, kits and methods are described herein that include an electrode kit and/or
electrode device that can be used in conjunction with a surface neuroprosthesis device or
orthosis for functional electrical stimulation (F ES) and/or neuromuscular electrical
stimulation (NMES) of a targeted body tissue (e.g., muscle, ligament), such as an impaired
limb. For example, in some embodiments, such treatment includes the functional electrical
stimulation of intact nerves of limbs to trigger a muscle contraction or response. In some
embodiments, such treatment includes the functional stimulation of a targeted body tissue to
provide sensory stimulation. A surface neuroprosthesis device or orthosis, can be for
example, a cast, splint, cuff, wristlet, gauntlet, strap or other garment that can be worn by a
patient and that has one or more electrodes coupled to the orthosis and is in contact with the

skin of the patient.
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[00068] An electrode kit or device as described herein can include, for example, a base and
an electrode assembly couplable to the base. As described herein, the base of an electrode
device can be coupled to the interior surface of an orthosis with, for example, VELCRO
patches, press-studs, magnetic couplers, or specialized holders that press the conductive back
of the electrode assembly against a conductive stud or panel inside the orthosis, or a
combination thereof. The electrode devices described herein can be used in conjunction with
a variety of different types of orthoses configured for various body limbs, such as, for
example, devices used in functional electrical stimulation of a muscle of an upper limb, such

as various locations on an arm, and for lower limbs, such as various locations on a leg.

[00069] As described herein, an electrode assembly that is configured to make electrical
contact with the skin can include a conductive electrode assembly that is held onto a part of
the body with the orthosis. In some embodiments, the electrode assembly includes a metal
mesh conductor and an absorbent pad, all of which can be soaked in water. The electrode
assembly can be releasably coupled to the electrode base of the electrode kit such that it can
be easily removed and replaced as needed. The electrode assembly can be, for example,

disposable.

[00070] FIG. 1 is a schematic illustration of an embodiment of an electrode kit or device
that can be used in conjunction with an orthosis to provide functional electrical stimulation to
a target body tissue. An electrode device 100, includes a base 120 and an electrode assembly
130. The electrode device 100 is configured to be coupled to an orthosis 110, such as, for
example, a cast, splint, cuff, wristlet, gauntlet, strap or other garment that can be worn by a
patient. The orthosis 110, can be configured for use in electrical stimulation treatment at
various locations on a patient’s body, such as for example, a leg, foot, arm or hand. In some
embodiments, multiple electrode devices are configured to be coupled to an orthosis 110.
Various example embodiments of an orthosis and/or stimulation control systems that can be
used in conjunction with an electrode device 100 as described herein are described in U.S.
Patent Nos. 6,829,510, 7,502,652, 7,146,220, 7,337,007 and 7,149,582, and International
Patent Publication No. WO 03/051453, the disclosure of each of which is incorporated herein
by reference in its entirety. Other example embodiments of orthosis devices and a
stimulation control system that can be used in conjunction with the electrode devices

described herein are described in co-pending U.S. Patent Application No. 13/022,149,
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bearing Attorney Docket No. BION-048/00US 30779-2198 (“the ‘149 application™), the

disclosure of which is incorporated herein by reference in its entirety.

[00071] The base 120 includes an electrode carrier 122 coupled to a connection member
124. The connection member 124 can be releasably coupled to the orthosis 110 at a desired
location on an intetior surface of the orthosis 110. The connection member 124 can include a
base member (not shown in FIG. 1) and a coupling portion (not shown in FIG. 1). The
coupling portion can be configured to be coupled to a mating coupling member disposed on
the orthosis 110. In some embodiments, the coupling portion can also serve as the
connecting terminal for the stimulating current. In some embodiments, the coupling portion
of the connection member 124 includes a protrusion configured to be received within a recess
defined in the orthosis 110 to form a snap-fit connection. In such an embodiment, although
the connection member 124 is releasably coupled to the orthosis 110, it is stationary or fixed

to the orthosis 110 during the ¢lectrical stimulation treatment.

[00072] ' In some embodiments, the base 120 can be coupled to a panel (not shown in FIG.
1) that can be releasably coupled to the orthosis 110. The panel can be provided as a layer
between the inner surface of the orthosis 110 and the skin of the user/patient. The panel can
include openings through which a coupling portion of the base 120 can be disposed such that
it can be coupled to mating coupling member on the inner surface of the orthosis 110. The
panel can be configured for a particular user/patient and can allow for a common orthosis 110
to be used on a variety of different users/patients. In some embodiments, the panel can be
disposable. An embodiment of such a panel and electrode assembly are described in more

detail below.

[00073] The electrode carrier 122 can be electrically coupled to the connection member
124 with an electrical lead or cable (not shown in FIG. 1). The elecirode carrier 122 is also
configured to be removably coupled to an interior surface of the orthosis 110 such that it can
be repositioned at various locations on the orthosis 110 as needed during treatment. For
example, the electrical lead can be flexible allowing the electrode carrier 122 to be moved
relative to the connection member 124. The connection member 124 can be fixedly or
releasably coupled to the orthosis 110 at a designated location, and the electrode carrier 122
can be coupled to the orthosis 110 at a different location than the connection member 124
such that it is at a spaced distance from the connection member 124. The electrode carrier

122 can be moved to different locations relative to the connection member 124 as needed.

8
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Through its electrical coupling to the connection member 124, the electrode carrier 122 is

also electrically coupled to the orthosis 110 when coupled thereto.

[00074] In some embodiments, the electrode carrier 122 can be removably coupled to the
orthosis 110 with a VELCRO attachment. For example, the electrode carrier 122 can include
a first part of a VELCRO attachment member and a second mating part can be attached to the
orthosis 110. Such an attachment method is described in more detail below with reference to

specific embodiments.

[00075] In some embodiments, the electrode carrier 122 can be coupled to the orthosis 110
with, for example, a snap fit coupling. In some such embodiments, the snap-fit coupling can
also provide an electrical connection to the orthosis 110. In some embodiments, the base 120
does not include a connection member 124. In some such embodiments, the elecirode carrier

122 can include two coupling portions to couple the electrode carrier 122 to the orthosis 110.

[00076] The electrode assembly 130 is configured to be coupled to the electrode carrier
122. In some embodiments, the electrode assembly 130 is removably coupled to the
electrode carrier 122, For example, in some embodiments, the electrode carrier 122 defines a
recess configured to matingly receive a portion of the electrode assembly 130 forming a snap-
fit coupling. The removable coupling of the electrode assembly 130 to the electrode catrier
122 allows for the electrode assembly 130 to be easily removed and/or replaced as needed.
The electrode assembly 130 can also be disposable. Because the electrode assembly 130 is
easily removable, the user (e.g., patient) can remove and replace the electrode assembly 130,
for example, after two weeks, rather than requiring a clinician or specialist. In some
embodiments, the user can remove the electrode assembly 130 more frequently, such as for
example, on a daily basis to wet the electrode assembly 130. The removability and
disposability of the electrode assembly 130 also helps reduce or eliminate “scale” build up on

the electrode that can occur after prolonged use.

[00077] The electrode assembly 130 can include a support frame 132, a conductor member
134 and a pad 136. The support frame 132 can be formed in part with a substantially rigid
material, such as a suitable plastic material, and include a coupling portion that can be
releasably and electrically coupled to the electrode carrier 122. For example, the support
frame 132 can include a protrusion (not shown in FIG. 1) configured to be matingly received

within a recess of the electrode carrier 122 to form a snap-fit connection. The protrusion can
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be formed integrally with the support frame 132 or be provided as a separatc component.
The support frame 132 can be formed, for example, with a polypropylene, a polyvinyl or a

mixture thereof.

[00078] - The pad 136 can be coupled to a surface of the support frame 132. The conductor
member 134 can also be coupled to the same surface of the support frame 132 such that it is
disposed between the support frame 132 and the pad 136. For example, the pad 134 can be
ultrasonically welded around a perimeter portion of the surface of the support frame 132,
sandwiching the conductor member 134 therecbetween. With the conductor member 134
disposed below the pad 136, the electrical stimulation can be more evenly spread across the
pad 136 during FES or NMES treatment. The conductor member 134 can be formed with,
for example, a stainless steel material. The conductor member 134 can be shaped
substantially similar to the shape of the pad 136. In some embodiments, the conductor

member 134 is circular or disc shaped.

[00079] The pad 136 can include at least a porﬁon that includes an absorptive material,
such as, for example, a cloth, felt, velvet, a non-woven viscose, or other suitable material that
is absorptive of liquids, gels, etc. The absorptive material of the pad 136 allows the pad 136
to be soaked with liquid (e.g., water) in preparation for use, as described in more detail
below. In some embodiments, the pad 136 can be porous and/or include holes to enable
faster absorption of the liquid. In some embodiments, the pad 136 can include a thin
membrane that can reduce and/or prevent the liquid from evaporating quickly. The pad 136
is configured to contact the skin of the patient during treatment, and therefore, it is desirable
to be formed with a material that will provide comfort to the patient and reduce the possibility
of irritation to the patient’s skin. The conductor member 134 can be, for example, formed

with a fine metallic wire mesh.

[00080] In use, the connection member 124 can be releasably or fixedly coupled to the
orthosis 110 such that it is stationary during the electrical stimulation treatment. Ior
example, the connection member 124 can be snapped into the orthosis 110 providing an
electrical connection to the orthosis 110 for the electrical stimulation. The electrode
assembly' 130 is soaked with water until it is saturated and the excess water is wiped or
blotted off the support frame side of the electrode assembly 130 where the coupling portion
of the electrode assembly 130 is disposed. The electrode assembly 130 is then coupled to the

electrode carrier 122. The electrode carrier 122 can be coupled to the orthosis 110 before or

10
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after the electrode assembly 130 is coupled to the electrode carrier 122. The electrode carrier
122 is coupled to the orthosis 110 at a desired location such that the electrode assembly 130
is positioned at the targeted treatment site when the orthosis 110 is placed on the patient’s
body. For example, as described above, the electrode carrier 122 can be coupled to the
orthosis 110 with a VELCRO attachment. The above procedure can be performed to couple a

second (or more) electrode kit to the orthosis 110.

[00081] ~ With the electrode device 100 in place on-the orthosis 110, the orthosis 110 can be
placed on the user to provide FES treatment or NMES treatment to the targeted treatment site.
Examples of a stimulation system that can be used to activate the functional electrical
stimulation of the orthosis 110 are described, for example, in International Patent Publication

No. WO 03/051453, and the ‘149 application, incorporated by reference above.

[00082] If at a subsequent time the desired treatment site has changed, the patient and/or
clinician can decouple the electrode carrier 122 from the orthosis 110 and reposition it at a
different location. Thus, the movability of the electrode carrier 122 allows for easy
repositioning of the electrode assembly 130 to a desired target treatment site. In addition, the
releasable attachment of the electrode assembly 130 to the electrode carrier 122 allows for the
patient and/or clinician to easily remove the electrode assembly 130 from the electrode
carrier 122 as needed. Thus, the electrode assembly 130 can be disposable and as the pad

136 becomes dried out or worn, it can be easily discarded and replaced.

[00083] To replace the electrode base 120, the user turns off the system and then
disconnects the connection member 124 from the orthosis 110, terminating the electrical
connection. The electrode carrier 122 can be removed as described above. A new electrode
base 120 can then be coupled to the orthosis 110. The same or new electrode assembly 130
can be coupled to the new electrode base 120 as described above. Prior to removing the
electrode base 120, the position of the electrode base 120 on the orthosis 110 can be marked,
using for example, a marking tool such as a pen, pencil, etc., such that the new electrode base

120 can be positioned on the orthosis 110 at the same location.

[00084] Having described above various general principles, several examples of various
embodiments of these concepts are now described. These embodiments are only examples,
and many other configurations of an electrode kit and/or the various components of am

electrode kit are contemplated.

11
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[00085] FIG. 2 illustrates an electrode kit according to an embodiment. An electrode kit or
device 200 includes an electrode base 220 and an electrode assembly portion 230 releasably
coupled thereto. As described above, one or more electrode devices 200 can be coupled to an
orthosis and used to provide functional electrical stimulation to a targeted treatment site on a

patient,

[00086] The electrode base 220 includes an electrode catrier 222, a connection member
224, and an electrical lead or cable 226 (as best shown in FIGS. 3-5). As shown in FIGS. 6-
10, the connection member 224 includes a coupling portion 240 coupled to a frame assembly
242. In this embodiment, the coupling portion 240 is a protrusion configured to be received
within an opening defined in an orthosis (not shown) to releasably couple the base 220 to the
orthosis with a snap-fit connection. The frame assembly 242 includes a first member 244, a
second member 246, a third member 246 and a pronged connector 250. The components of
the frame assembly 242 can be coupled together with, for example, adhesive, ultrasonic
welding, over-molding, or other known methods. The first member 244 defines an opening
252 conﬁgured to receive an end portion of the electrical lead 226 to couple the lead 226 to

the connection member 224,

[00087]  The electrode carrier 222 includes a carrier base assembly 254 (see e.g., FIGS. 11-
13) and an orthosis attachment member 256 (shown in FIG. 4). In this embodiment, the
orthosis attachment member 256 is a VELCRO disc coupled to a first surface 258 (sce e.g.,
FIG. 14) of the carrier base assembly 254, FIG. 14 illustrates the electrode base 220 with the
orthosis attachment member 256 removed for illustrative purposes. The orthosis attachment
member 256 can be, for example, sewn around a perimeter portion of the first surface 258 of
the carrier base assembly 254. In some embodiments, the orthosis attachment member 256
can be adhesively coupled to the first surface 258. The orthosis attachment member 256 also
defines an opening 270 configured to receive the electrical lead 226 therethrough, as shown
in FIG. 4. The orthosis attachment member 256 can be used to removably couple the
electrode carrier 222 to the orthosis at one or more locations. For example, the orthosis can
include one or more discrete mating VELCRO attachment portions configured to matingly
couple to the VELCRO orthosis attachment member 256. In some embodiments, the orthosis
can include a continuous mating VELCRO attachment portion disposed on a surface of the

orthosis such that the orthosis attachment member 256 can be moved to different locations on

12
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the orthosis as needed or desired. The removable coupling of the electrode carrier 222 to an

orthosis is described in more detail below.

[00088] The carrier base assembly 254 includes a coupling member 260, a first member
262 and a second o member 264 (see e.g., FIG. 15, which illustrates an exploded perspective
view of each of the components of the carrier base assembly 254). The coupling member 260
defines an opening or recess 266 configured to receive a protrusion defined by the electrode
assembly 230 and provide a releasable snap-fit coupling (the electrode assembly 230 is
described in more detail below). As shown, for example, in FIGS. 11-13, the carrier base
assembly 254 has a second surface 259 on which the electrode assembly 230 is disposed
when coupled to the carrier base assembly 254. The coupling member 260 also defines a
groove 268 on the first surface 258 configured to receive an end portion of the electrical lead

226 to electrically couple the electrode carrier 222 to the connection member 224.

[00089] The coupling member 260, the first member 262 and the second member 264 can
be coupled together, for example, with an over-mold process. FIGS. 16 and 17 illustrate the
coupling member 260 and FIGS. 18(a)-18(c) illustrate the first member 262 coupled to the
coupling member 260 (prior to the second member 264 being coupled thereto). The coupling
member 260 includes a support plate 272 and spring 274 that can be, for example, welded
together.

[00090] FIGS. 19-25(c) illustrate the electrode assembly 230. The electrode assembly 230
includes a frame assembly 238 and an electrode pad 236. The electrode pad 236 can be
formed at least in part with an absorptive material, such as, for example, felt. The pad 236
can be, for example, coupled to the frame assembly 238 with ultrasonic welding, described in

more detail below.

[00091] As shown in FIGS. 23 and 24, the frame assembly 238 includes a support frame
232, a conductor member 234, and a coupling member 228 that includes a snap stud 276 and
a snap post 278. The snap stud 276 defines an opening configured to receive the snap post
278 in a snap fit connection. The snap stud 276 and the snap post 278 are configured to be
coupled together such that the support frame 232 and the conductor member 234 are
sandwiched together as shown in FIG. 23. When assembled, the coupling member 228
provides a protrusion to be received in a mating recess or opening (e.g., opening 266) of the

electrode carrier 222 as described in more detail below. The conductor member 234 can be
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formed with, for example, with a stainless steel metallic mesh and the support frame 232 can
be formed with, for example, a suitable plastic material, such as polypropylene or polyvinyl
or a mixture thereof. In one example, the support frame 232 can have, for example, a
diameter Ds of 43.5 mm and the conductor member 234 can have a diameter Dc of for

example 42.5 mm, as shown in FIG. 23.

[00092] The pad 236 is formed with an absorptive material, such as felt, cloth, velvet,
viscose, etc., such that the pad 236 can be saturated with liquid (e.g., water) prior to use. The
pad 236 can be coupled to the support frame 232 about a perimeter portion, as shown for
example at location 280 in FIG. 19. For example, the pad 236 can be ultrasonically welded to
the plastic support frame 232 such that a perimeter portion of the pad 236 overhangs the
support frame 232 as shown, for example, in FIGS. 19 and 22(a). The conductor member
234 will then be disposed between the pad 236 and the support frame 232, The location of
the conductor member 234 below the pad 234 allows for the electrical stimulation during the
FES treatment to be distributed evenly across the pad 236 and to the target treatment site.

[00093] The coupling member 228 of the electrode assembly 230 is used to releasably
couple the electrode assembly 230 to the electrode carrier 222 of the base assembly 220.
Specifically, the snap post 276 of the coupling member 228 is configured to be received
within the opening 266 of the electrode carrier 222 to releasably couple the electrode
assembly 230 to the electrode carrier 222 with a snap-fit conmection. As described
previously, the electrode assembly 230 is soaked in water prior to being coupled to the

electrode carrier 222 such that the absorptive material of the pad 234 is saturated with water.

[00094] In alternative embodiments, the coupling member 228 can include a magnet
element (not shown). For example, the magnet element can be disposed adjacent to the snap
stud 276 and can be used to help locate and/or align the coupling member 228 to the mating
opening of the electrode carrier 266 of the electrode carrier 222. In some embodiments,
magnetic coupler can be used in place of the snap-fit coupling member 228. For example, a
magnetic coupling member can be disposed on the electrode assembly 230 or the electrode
carrier 222 that can be magnetically coupled to a magnetically attracted coupling member
(e.g.. a metallic member) on the other of the electrode assembly 230 or the electrode carrier
222. In some embodiments, the magnetic coupler can provide the conductive medium of the
electrode assembly. In some embodiments, and electrode assembly 230 can include one or

more snap-fit coupling members and one or more magnetic coupling members.
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[00095] FIGS. 26 and 27 illustrate a portion of an orthosis 210 that can be used in
conjunction with one or more electrode devices 200. The orthosis 210 is a cuff style orthosis
that can bé used, for example, for functional electrical stimulation treatment of an arm or leg.
The orthosis 210 includes an interior surface 282 on which the electrode device 200 (or
multiple devices 200) can be coupled. The orthosis 210 defines recesses 284 configured to
matingly receive the coupling member 240 (i.e., protrusion) of the connection member 224,
As described above, the coupling member 240 can be snap-fit into the recess 284 to provide a
releasable snap-fit coupling of the connection membér 224 to the orthosis 210 and provide an
electrical connection to the orthosis 210 for the electrical stimulation. The orthosis 210 also
includes at least one VELCRO attachment portion 286 configured to matingly couple to the
VELCRO orthosis attachment member 256 of the electrode carrier 222.

[00096] In use, the electrode assembly 230 is soaked with water until it is saturated and the
excess water is wiped or blotted off the support frame 232 of the electrode assembly 230.
The electrode assembly 230 is then coupled to the electrode carrier 222 of the electrode base
assembly 220 either before or after the electrode carrier 222 is coupled to the orthosis 210.
With the electrode device 200 in place on the orthosis 210, the orthosis 210 can be placed on
the user to provide FES treatment to the targeted treatment site.

[00097] If needed, the patient and/or clinician can decouple and reposition the electrode
carrier 222 on the orthosis 210 as illustrated in FIG. 27 by the dashed-line version of the
electrode device 200. In addition, the releasable attachment of the electrode assembly 230 to
the electrode carrier 222 allows for the patient and/or clinician to easily remove the electrode
assembly 230 from the electrode carrier 222 as needed. The entire base 220 can also be

removed and replaced as needed as described previously.

[00098] FIG. 28 illustrates a portion of another embodiment of an orthosis that can be used
in conjunction with the electrode device 200. In this embodiment, an orthosis 210’ defines a
recess (not shown) configured to matingly receive the coupling member 240 as described
above fof orthosis 210. In this embodiment, the orthosis 210° includes a mating VELCRO
attachment 286’ in the form of a continuous sheet that allows for the electrode carrier 222 to
be removably coupled to a variety different locations on the VELCRO attachment 286°. The
dash-line version of the electrode device 200° illustrates the electrode carrier 222 being
moved to different locations on the orthosis 210° while the connection member 224 remains

stationary.
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[00099] FIG. 29 illustrates an embodiment of a panel that can optionally be used in
conjunction with an electrode device, such as, electrode device 200. A panel 288 includes a
panel member 290 that defines two openings 292. The panel member 290 can be formed
with a flexible material that can conform to the inner surface of an orthosis. The panel
member 290 can be formed, for example, with a fabric, cloth, felt, velvet, or other suitable
material. Each of the openings 292 can receive a coupling member 240 (i.e., protrusion) of a
connection member 224 of an electrode device 200, as shown in FIG. 30. Thus, in this
example embodiment, two electrode devices 200 can be coupled to the panel 288. Although
FIGS. 29 and 30 illustrate the panel member 290 defining two openings 292, it should be
understood that in other embodiments a panel member 290 can include less or more openings

configured to receive a coupling member of an electrode assembly.

[000100] The panel 288 can be releasably coupled to an orthosis device 310 (see e.g., FIG.
31). For example, one or more electrode devices 200 can be coupled to the panel 288 and the
coupling portion 240 of the electrode device 200 (extending through the openings 292) can be
coupled to a mating snap-fit coupler 294 on the orthosis device 310. The panel 288 can also
include a coupling member (not shown), such as a VELCRO attachment member configured
to be coupled to a mating VELCRO attachment (not shown) on the inner surface of the
orthosis device 310. In some embodiments, additional snap-fit couplings and/or magnetic

couplings can be used to couple the panel 288 to the orthosis device 310.

[000101]7 The panel 288 can be configured to fit a particular patient/user of the electrode
device 200 and orthosis device 310. Thus, the orthosis device 310 can be a common size and
the panel 288 can be sized and configured to accommodate the orthosis 310 to fit different
patients/users. The panel 288 (and electrode assemblies coupled thereto) can be removed and

re-coupled to the orthosis device 310 as needed.

[000102] FIGS. 32 and 33 illustrate another embodiment of an electrode device. The
electrode device 330 can include an electrode pad 336, a support frame 337, and a conductor
member (not shown) disposed between the electrode pad 336 and the support frame 337. The
electrode pad 336 can be formed at least in part with an absorptive material, such as, for
example, felt as described above for electrode assemblies 130, 230. The pad 336 can be
coupled to the support frame with, for example, ultrasonic welding, thermal coupling, sewing

or adhesives.
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[000103] In some embodiments, the electrode device 330 includes two snap-fit couplings
configured to be matingly coupled to an inner surface of an orthosis device, as previously
described for other embodiments. The electrode device 330 also includes a magnet member
341 that can help locate and/or align the snap-fit couplings 340 with mating snap-fit
couplings on an orthosis device. For example, the orthosis device can have a mating
magnetically attracted metallic component disposed between its snap-fit couplings in a
similar manner as the electrode device 330. When the clectrode device 330 is being placed
on the orthosis device, the magnet member 341 will be drawn toward the metallic component,
which will in turn aligﬁ the snap-fit couplings of the electrode device 330 to the mating snap-
fit couplings on the orthosis device. Alternatively, instead of the snap-fit couplings, the

electrode device 330 and the orthosis can be magnetically coupled.

[000104] In alternative embodiments, the electrode device 330 can be coupled to an orthosis
device uéing any of the coupling methods described hercin for other embodiments. For
example, the electrode device 330 can be coupled to an orthosis device using one or more
snap-fit couplings and/or one or more magnetic couplings and/or one or more VELCRO
couplings as described herein. Additionally, more than one electrode device 330 can be

coupled to an orthosis device.

[000105] FIGS. 34-43 illustrate an embodiment of an electrode device 430 that includes two
electrodes that are coupled to a single backing, but that are not electrically coupled directly to
one another. The electrode device 430 can be used, for example, with a panel (see, e.g.,
FIGS. 44-46), similar to, for example, panel 288 described above. The electrode device 430
includes a first electrode pad 443, a second electrode pad 445, a first conductor member 447
and a second conductor member 449. The first conductor member 447 and the second
conductor member 449 can be formed with, for example, a metallic mesh material. In some
embodiments, the first conductor member 447 and/or the second conductor member 449 can
be formed with, for example, stainless steel mesh. The first electrode pad 443 and the second
electrode_pad 445 can be, for example, formed with an absorptive material, such as, for
example, felt as described above for electrode assemblies 130, 230. As used herein, the first
electrode pad 443 and the first conductor member 447 can also be collectively referred to as a
first electrode, and the second electrode pad 445 and the second conductor member 449 can

also be collectively referred to as a second electrode.
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[000106] The first conductor member 447 and the second conductor member 449 are each
coupled to a base 451 as shown in FIG. 35. An electrical snap stud member 453 is inserted
through holes 461 in each of the first conductor member 447 and the second conductor
member 449, and corresponding holes 463 in the base 451 (see e.g., the exploded view of
FIG. 34). The electrical snap stud members 453 pass through an opening in spacers 457 and
are inserted into mating snap post members 455. The spacers 457 can be used to fill a cavity
that may be present between the mating snap connectors inside a functional electrical
stimulation (FES) orthosis device and enable the electrode device 430 to snap directly to the
orthosis. The snap post members 455 can be used to mechanically couple the electrode
device 430 to the orthosis and can also be used to conduct electrical current from the orthosis

to the ﬁrs;c conductor member 447 and the second conductor member 449.

[000107] The first electrode pad 443 and the second electrode pad 445 can each be coupled
to the base 451 with the first and second conductor members 447 and 449 disposed between
the base 451 and the electrode pads 443 and 445. The first electrode pad 443 and the second
electrode pad 445 can each be coupled to the base 451 with, for example, hook and pile
fasteners, an adhesive, or other suitable coupling method. The location of the first and
second conductor members 447 and 449 below the first and second electrode pads 443 and
4435, respectively, allows for the electrical stimulation during a FES treatment to be
distributed evenly across the first and second electrode pads 443 and 445 and to the target

treatment site as discussed above for previous embodiments.

[000108] As discussed above, the electrode device 430 can optionally be coupled to a panel
488 as shown in FIGS. 44-46. The panel 488 includes a panel member 490 that defines two
openings 492 (see, FIG. 46). The panel member 490 can be formed with a flexible material
that can conform to the inner surface of an orthosis. The panel member 490 can be formed,
for example, with a fabric, cloth, felt, velvet, or other suitable material. - Each of the openings

492 can receive an electrical snap stud member 455 of the electrode device 430.

[000109] The panel 488 can be releasably coupled to an orthosis device (not shown) as
described above for previous embodiments. For example, the electrode assembly 430 can be
coupled to the panel 488 and the electrical snap stud members 455 (extending through the
openings .492) can be coupled to a mating snap-fit coupler on the orthosis device. In some
embodiments, the panel 488 can also include a coupling member (not shown), such as a

VELCRO attachment member configured to be coupled to a mating VELCRO attachment
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{not shown) on the inncr surface of the orthosis device. In some embodiments, additional
snap-fit couplings and/or magnetic couplings can be used to couple the panel 488 to the

orthosis device.

[000110] FIGS. 47-58(e) illustrate another embodiment of an electrode device that includes
two electrodes (e.g., a pad and conductor member) that are coupled to a single backing, but
that are not electrically coupled directly to one another. The electrode device 530 includes a
first electrode pad 543, a second electrode pad 545, a first conductor member 547 and a
second conductor member 549 (see e.g., FIG. 48). The first conductor member 547 and the
second conductor member 549 can be formed with, for example, a metallic mesh material,
such as stainless steel. The first electrode pad 543 and the second electrode pad 545 can be,
for example, formed with an absorptive material, such as, for example, felt as described for
previous embodiments. As used herein, the first electrode pad 543 and the first conductor
member 547 can also collectively be referred to as a first electrode, and the second electrode
pad 545 and the second conductor member 549 can also collectively be referred to as a

second electrode.

[000111] The first conductor member 547 and the second conductor member 549 are each
coupled to a base 551 as shown in for example, FIGS. 48 and 51. An electrical snap stud
member 553 is inserted through holes 561 (see ¢.g., FIG. 50) in each of the first conductor
member 547 and the second conductor member 549 and corresponding holes 563 in the base
551 (sce e.g., FIG. 48). The electrical snap stud members 553 pass through an opening in
spacers 557 and are inserted into mating snap post members 555. As described above for
electrode device 430, the spacers 557 can be used to fill a cavity that may be present between
the mating snap connectors inside a functional electrical stimulation orthosis and enable the
electrode assembly 530 to snap directly to the orthosis. The snap post members 555 can be
used to mechanically couple the electrode assembly 530 to the orthosis and can also be used
to conduct electrical current from the orthosis to the first conductor member 547 and the

second conductor member 549,

[000112] The first electrode pad 543 and the second electrode pad 545 can each be coupled
to the base 551 with the conductor members 547 and 549 disposed between the base 551 and
the first and second electrode pads 543 and 545 (see e.g., FIG. 51 which shows the first and
second electrode pads 543 and 545 partially transparent). The location of the first and second
conductor members 547 and 549 below the first and second electrode pads 543 and 545,
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respectively, allows for the electrical stimulation during a FES treatment to be distributed
evenly across the first and second electrode pads 543 and 545 and to the target treatment site

as discussed above for previous embodiments.

[000113] The electrode device 530 can optionally be coupled to a panel (not shown), such
as, for example, panel 488, as described above for electrode device 430. The panel can be
releasably coupled to an orthosis device (not shown) as described above for previous
embodiments. The elecirode device 530 can also be coupled directly to an orthosis device.
For example, the electrical snap stud members 555 extending from a back side of the
electrode device 530 (see €.g., FIG. 49) can be coupled to a mating snap-fit coupler on the

orthosis device.

[000114] FIGS. 58(a) — 58(e) illustrate one example of preparing an electrode device 530
for use with an orthosis device 510 to be used for electrical stimulation during a FES
treatment. As shown in FIG. 58(a), with the orthosis system turned off, the electrode device
530 can be removed from the orthosis device 510 by detaching the snap stud members 555
from the orthosis device 510. The electrode device 530 can then be wet with water as shown
in FIG. 58(b). Excess water can be removed from the electrode device 530 using a cloth or,
for example, a paper towel as shown in FIG. 58(c). To place the electrode device 530 back
onto the orthosis device 510, the snap stud members 555 on the clectrode device 530 can be
aligned with mating coupling holes on the orthosis device 510 (as shown in FIG. 58(d)), and
the electrode device 530 can be pressed firmly to snap the snap stud members 555 thereto (as
shown in FIG. 46(e)). In some embodiments, the snap stud members 555 are color coded to
align with color coded rings or markings around the mating openings on the orthosis device

510.

[000115] The electrode devices 330, 430 and 530 described above are examples of large
electrode.devices that can be used in conjunction with a surface neuroprosthesis device or
orthosis for functional electrical stimulation (FES) and/or neuromuscular -electrical
stimulation (NMES) of a targeted body tissue (e.g., muscle, ligament), such as an impaired
limb. The electrode devices 330, 430 and 530 can have various other shapes and sizes and
can be used, for example, within an orthosis of a foot drop system used in the treatment of
drop foot. The electrode devices 330, 430 and 530.can be used for example, in an orthosis
device described in the ‘149 application incorporated by reference herein. The electrode

devices 330, 430 and 530 can include one or more conductor members and one or more
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electrode devices 330, 430 and 530 can be coupled to an orthosis.

[000116] The large electrode device (330, 430, 530) is “large” in the sense that it is not
narrowly focused for providing stimulation to a narrowly defined area. The size and shape of
the large electrode device allows the large electrode device to be used to stimulate a larger
group of muscles and produce a more comfortable stimulation. For example, a large
electrode device can be configured to provide electrical stimulation to a substantial portion of

a peroneal nerve when used, for example, to treat drop foot.

[000117] In one example use of a large electrode device with an orthosis configured to be
coupled to a patient’s upper leg as disclosed in the ‘149 application incorporated by reference

herein, the resulting physiological effects achieved during the test include the following:

(1) satisfactory, neutral dorsiflexion of 5-10 degrees during gait was achieved with

-~ 87% of the test subjects;

(2) maintaining the desired dorsiflexion during gait after a conditioning period of
3 weeks and without causing muscle fatigue while using the orthosis/large

electrode for up to 14 hours a day; and
" (3) consistency of motor response.

[000118] The large electrode device is able to produce stimulation sufficient to treat a larger
population of patients with a single sized device placed in substantially the same location for
each patient. For example, in some embodiments, a large electrode device can have a size
and shape configured to be used by 85% of patients, The large electrode devices (330, 430,
530) can be configured to fit a left side, a right side, and/or both a left side and a right side
orthosis, such as an orthosis used in the treatment of drop foot that is placed on the patient’s

right or left leg.

[000119] A large electrode device (e.g., 330, 430, 530) can provide a quick and
reproducible means of positioning electrodes inside an orthosis so as to decréase the time of
electrode set-up and/or eliminate clinicians having to adjust the electrode position to achieve
optimal stimulation results. A large electrode device can also decrease training time of the
customer and eliminate the need to mark the precise position of electrodes with a marking

pen on the user’s body. While smaller electrodes can be effectively placed in one of many
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possible optimal positions, the use of the large electrode eliminates the need for more precise
placement of the electrode and orthosis. The use of the large electrodes makes the corthosis

“one size fits all” or “one size fits most.”

[000120] In some embodiments, a large electrode device is placed at a location on the inside
of the orthosis without regard to the particular patient for whom the device is being
configured. In some embodiments, multiple large electrode devices are placed at a location
on the inside of the orthosis without regard to the particular patient. In some embodiments,
the electrode devices cover substantially all of the interior area of the orthosis to which they
are coupled. For example, in some embodiments, the electrode devices span the interior area
of the orthosis device other than, for example, the gap between the electrode devices and the

gap, if any, between the outer edge of the electrode devices and the edge of the orthosis.

[000121] The large electrode devices (e.g., 330, 430, 530), can have varied sizes and shapes
and can be positioned on an orthosis to achieve various desired treatment results. In some
embodiments, a large electrode device can include, for example, a first medial electrode (e.g.,
collectively the pad and conductor members) and a second lateral electrode (e.g., collectively
the pad and conductor members) having sizes as shown in Table 1 below. The medial
electrode can be positioned on an orthosis, for example, at a distance from the orthosis
midline in the range of 0 to 0.5 cm. In some embodiments, the medial electrode and the
lateral electrode can be coupled to a base of the large electrode at a non-zero distance from
each other (e.g., a gap between the medial and lateral electrodes) of between 1.5 mm and 2.5
mm. For example, in some embodiments, the gap between the electrodes is 1.5 mm, 2.0 mm,
or 2.5 mm. It should be understood that these are merely example sizes and positions and
that the large electrode devices can have other combinations of widths and lengths and other
shapes. For example, in some embodiments, a large electrode device (e.g., 430, 530) can
include one or more electrodes (e.g., collectively the pad and conductor members) with a
width between 30 mm and 75 mm and a length of about 95 mm. For example, a large
electrode can have a width of 30 mm, 35 mm, 40 mm, 45 mm, 50 mm, 55 mm, 60 mm, 65
mm, 70 mm, or 75 mm and a length of, for example, 95 mm. The electrodes can also be
positioned at different distances apart from each other and at different locations on an

orthosis.
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TABLE 1:

Medial clectrode Gap between medial Lateral electrode

size width x length and lateral electrode size width x length

(in mm.) (in cm.) (in mm.}
55%95 1.5 40x95
55x95 25 40x 95
55x95 15 50x95
55x95 2.0 45 % 95

Conclusion

[000122] While various embodiments of the invention have been described above, it should
be understood that they have been presented by way of example only, and not limitation.
Where methods and steps described above indicate certain events occurring in certain order,
those of ordinary skill in the art having the benefit of this disclosure would recognize that the
ordering of certain steps may be modified and that such modifications are in accordance with
the variations of the invention. Additionally, certain of the steps may be performed
concurrently in a parallel process when possible, as well as performed sequentially as
described above. The embodiments have been particularly shown and described, but it will

be understood that various changes in form and details may be made.

[000123] For example, although various embodiments have been described as having
particular features and/or combinations of components, other embodiments are possible
having any combination or sub-combination of any features and/or components from any of
the embodiments described herein. The specific configurations of the various components
can also be varied. For example, the size and specific shape of the various components can
be different than the embodiments shown, while still providing the functions as described

herein.

[000124] In addition, it should be understood that the electrode kits and electrode
assemblies described herein can be used in a variety of different types of orthosis or surface
neuroprostheses devices not necessarily described herein. In addition, the devices and
methods described herein can be used for a variety of different types of functional electrical

stimulation treatments in a variety of different locations on a patient’s body.
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What is claimed is:

1. An apparatus, comprising:

an electrode frame having a first surface and a second surface, the first surface
configured to be releasably coupled to an electrode carrier electrically coupled to an orthosis,
the electrode frame being clectrically coupled to the electrode carrier;

a conductor coupled to the second surface of the electrode frame; and

a pad baving a first portion configured to contact a skin surface and a second portion
coupled to a portion of the second surface of the electrode frame such that the conductor is
disposed between the second surface of the electrode frame and the second portion of the pad,

at least a portion of the pad including an absorptive material.

2. The apparatus of claim 1, wherein the first surface of the electrode frame includes a

protrusion configured to be releasably coupled to the electrode carrier.

3. The apparatus of claim 1, wherein the electrode frame is electrically coupled to the

electrode carrier when the protrusion is coupled to the electrode carrier.
4. The apparatus of claim 1, wherein the electrode frame is substantially rigid.

5. The apparatus of claim 1, wherein a portion of the first surface of the electrode frame
is configured to be matingly received within a recess of the electrode carrier such that the

electrode frame is releasably coupled to the electrode carrier via a snap fit.

6. The apparatus of claim 1, wherein the second portion of the pad is coupled

substantially around the perimeter of the second surface of the electrode frame.

7. The apparatus of claim 1, wherein the second portion of the pad is coupled to the

second surface of the electrode frame via ultrasonic welding.

8. The apparatus of claim 1, wherein the conductor is positioned between the pad and
the electrode frame such that electrical stimulation is substantially evenly distributed across
the pad via the conductor when the electrode frame is electrically coupled to the electrode

carrier.
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9, The apparatus of claim 1, wherein the conductor is a thin, flexible electrode.

10.  An apparatus comprising:

an electrode base having an electrode carrier and a connection member electrically
coupled to the electrode carrier, the electrode carrier configured to be removably coupled to
an interior surface of an orthosis, the connection member configured to be releasably coupled
to a surface of the orthosis, the electrode carrier being electrically coupled to the orthosis
when the connection member is coupled to the surface of the orthosis; and

an electrode assembly having an electrode frame, a pad coupled to the electrode
frame, and a conductor disposed between the electrode frame and the pad, a portion of the
pad configured to contact a skin surface, the electrode frame configured to be releasably
coupled to the elecirode carrier such that the electrode assembly is electrically coupled to the

orthosis when the connecting member is coupled to the surface of the orthosis.

11.  The apparatus of claim 10, wherein the electrode assembly is a disposable electrode

assembly.

12.  The apparatus of claim 10, wherein the electrode assembly is configured to be
operatively coupled to the interior surface of the orthosis when the electrode carrier is

coupled to the interior surface of the orthosis.

13.  The apparatus of claim 10, wherein the electrode carrier is configured to maintain a
position of the electrode assembly relative to the interior surface of the orthosis when the
electrode carrier is coupled to the interior surface of the orthosis and the electrode frame is

coupled to the electrode carrier.

14,  The apparatus of claim 10, wherein the electrode carrier is physically separated from

the connection member by a distance.

15.  The apparatus of claim 10, wherein the electrode carrier is configured to be

removably coupled to the interior surface of the orthosis at more than one location.

16.  The apparatus of claim 10, wherein the connection member is configured to be

removably coupled to the surface of the orthosis via a snap connection.
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17.  The apparatus of claim 10, wherein the electrode frame is configured to be releasably

coupled to the electrode carrier via a snap connection.

18.  The apparatus of claim 10, wherein at least a portion of the pad includes an absorptive

material.

19.  An apparatus, comprising:

an electrode base;

a first conductor member coupled to the electrode base;

a second conductor member coupled to the electrode base;

a first pad coupled to the electrode base such that the first conductor member is
disposed between the electrode base and the first pad, a portion of the first pad configured to
contact a skin surface; and

a second pad coupled to the electrode base such that the second conductor member is
disposed between the electrode base and the second pad, a portion of the second pad
configured to contact the skin surface.

the electrode base being releasably couplable 10 an orthosis such that the first
conductor member and the second conductor member are each electrically coupled to the

orthosis and not electrically coupled to each other.

20.  The apparatus of claim 19, wherein the first pad has a width between 30 mm and 75
mm and a length of about 95 mm, and the second pad has a width between 30 mm and 75

mm and a length of about 95 mm.

21.  The apparatus of claim 19, wherein the first pad and second pad are each coupled to
the electrode base such that there is a gap between the first pad and the second pad.

22.  The apparatus of claim 19, wherein the first pad and second pad are each coupled to
the electrode base such that there is a non-zero distance between the first pad and the second
pad of between 1.5 mm and 2.5 mm.

23.  The apparatus of claim 19, further comprising:
a panel member configured to be coupled to the orthosis between the electrode base

and the orthosis.
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24.  The apparatus of claim 19, wherein the first pad has a substantially rectangular shape
and the second pad has a substantially rectangular shape.

25.  The apparatus of claim 19, wherein the first pad has a first shape and the second pad

has a second shape, the first shape being different than the second shape.
26.  The apparatus of claim 19, wherein the first pad is has a first width and a first length,

the second pad has a second width and a second length, the first width being larger than the
second width, the first length being substantially the same as the second length.
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