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(57) ABSTRACT

The embodiments and methods described herein relate to an
improved functional electrical stimulation (FES) orthosis.
An apparatus can include a frame assembly, an electrode
assembly, and an electric stimulator. The frame assembly is
removably coupleable to a portion of a limb. The electrode
assembly is configured to be in electrical communication
with a portion of a neuromuscular system of the limb, and
includes first and second sets of electrodes. The electric
stimulator is in electrical communication with the electrode
assembly. The electric stimulator is configured to send a first
signal substantially during a first time period and via a first

Int. CL. channel to the first set of electrodes for stimulation of a
A6IN 1/36 (2006.01) neuromuscular system of the limb, and is configured to send
A6IN 1/04 (2006.01) a second signal, during at least one of the first time period
A61B 5/00 (2006.01) or a subsequent second time period, via a second channel to
A61B 5/103 (2006.01) the second set of electrodes for stimulation of the neuro-
A61B 5/11 (2006.01) muscular system of the limb.
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SYSTEMS AND APPARATUS FOR GAIT
MODULATION AND METHODS OF USE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is a continuation of International
application No. PCT/US2017/012977, entitled “Systems
and Apparatus for Gait Modulation and Methods of Use,”
filed Jan. 11, 2017, which claims priority to and the benefit
of U.S. provisional patent application No. 62/277,259, filed
Jan. 11, 2016, entitled “Systems and Apparatus for Gait
Modulation and Methods of Use,” the disclosure of each of
which is incorporated by reference herein in its entirety.

BACKGROUND

[0002] The embodiments described herein relate generally
to gait modulation systems, and more particularly, to a
functional electrical stimulation (FES) system or orthosis for
gait modulation and methods of using the same.

[0003] Tt is known that pathologies of the neuromuscular
system due to disease or trauma to the central nervous
system, such as for example, stroke, spinal cord injury, head
injury, traumatic brain injury, cerebral palsy, and multiple
sclerosis can impede limb function of the arms or legs (or
portions thereof). Gait, the biomechanical description of
walking, can suffer static and dynamic parameter variations
due to neuromuscular impairments, which can cause non-
symmetrical walking, reduced walking speed, and/or
reduced walking stability. For example, drop foot describes
a gait characteristic attributable to weak or uncoordinated
activation of the ankle dorsiflexors due to disease or trauma
to the central nervous system. Patients suffering from drop
foot tend to drag the foot during the swing phase of walking
and usually try to compensate for this dragging by hiking the
corresponding hip or swinging the corresponding leg in a
circular motion. These patients tend to have reduced stabil-
ity, are prone to frequent falls, and their walking movements
are unaesthetic and energy consuming.

[0004] Limb muscles, however, can generally be activated
with functional electrical stimulation (FES). In FES, pre-
cisely timed bursts of short electrical pulses (e.g., from a
neuroprosthetic, an FES orthosis, and/or the like) are applied
to motor nerves to generate muscle contraction, which can
be applied to enhancing limb function. Although neuropros-
thetic systems are known, some such systems suffer from
drawbacks that prevent the systems from being widely used
by potential patients. For example, in instances in which
stroke or brain injury results in problems with arm move-
ment or gait, such problems are often accompanied by hand
impairment on the same side of the body as the problematic
limb. Thus, donning an FES orthosis is often carried out
using solely the contra-lateral, unaffected hand. Moreover,
the posture of the plegic limb is often problematic, espe-
cially in cases where spasticity results in reduced voluntary
movements and/or limited passive range of motion of the
limb joints. Consequently, objective biomechanical prob-
lems exist in donning some known orthotic devices, as well
as in locating the electrodes in exact positions onto the limb,
which is essential for activating the desired movement
pattern. As such, some known neuroprosthetic devices fail to
enable facile, quick, and accurate donning of the device by
an impaired patient using a single hand, and particularly,
when the least effected hand is shaky or otherwise unstable.
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[0005] FES devices typically utilize a stimulator unit to
create and control the electrical pulses being applied to
motor nerves that is physically separate from the FES
orthosis. The external stimulator unit, which is connected to
the FES orthosis by several electrical wires, is located on the
body of the user and/or is otherwise wormn or held by the user.
These devices can be inconvenient for the user. Specifically,
the wiring, which is usually arranged to run along the leg
under the clothing to connect the device components, can be
difficult to operate, cumbersome and uncomfortable.
[0006] In other instances, an FES orthosis can be a self-
contained device. For example, some known orthoses can
include a stimulator unit coupled to a narrow band that is
made of a thermoplastic material, which is molded to the
limb anatomy of an individual user by heating and softening
the thermoplastic material and subsequently fitting the band
to the contour of the underlying limb segment. Thus, the
shape and size of the device and the electrode positioning is
custom-fitted to the leg of one user and individualized for the
user. This procedure is carried out by a medical professional
trained, for example, to accurately identify the stimulation
points that cause contraction of the muscles, positioning and
locking the electrodes thereto.

[0007] Activation of the leg muscles by electrical stimu-
lation typically includes transferring high stimulation cur-
rents through one or more electrodes to the skin surface of
the patient, which activates skin sensory receptors in addi-
tion to underlying excitable motor nerve and muscle tissue.
As a result, the intensity of sensory activation often depends
on the intensity of the current density passing through the
skin surface. The level of muscle activation, therefore, is
often limited to the patient’s individual tolerance to activa-
tion of such skin pain sensors. Thus, the stimulation param-
eters tolerable by the patient may be insufficient to promote
optimal movement of the impaired limb in response to the
FES. Additionally, although some known systems provide
FES to promote movement of an impaired limb (e.g.,
dorsiflexion of a foot), one or more electrodes of such
systems must be moved to various locations on the patient’s
skin until a desirable movement of the impaired limb is
achieved.

[0008] Therefore, a need exists for improved systems and
apparatus for a neuroprosthetic system that can be easily and
accurately donned on the limb by patient. A need also exists
for improved systems and apparatus for a neuroprosthetic
system that includes a stimulation unit that can provide
electrical stimulation in a manner such that a lower intensity
stimulation can achieve increased corrective movement of
an impaired limb. A need further exists for improved sys-
tems and apparatus for a neuroprosthetic system that can
provide electrical stimulation to promote movement of the
impaired limb without the need for moving one or more
electrodes to multiple locations on the patient’s skin.

SUMMARY

[0009] The embodiments and methods described herein
relate to an improved functional electrical stimulation (FES)
orthosis for users suffering from an impaired limb. In some
embodiments, an apparatus includes a frame assembly, an
electrode assembly, and an electric stimulator. The frame
assembly is configured to be removably coupled to a portion
of a limb such that the portion of the limb is substantially
enveloped by the frame. The electrode assembly is config-
ured to be in electrical communication with a portion of a
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neuromuscular system of the limb. The electrode assembly
is removably coupled to the frame assembly. The electrode
assembly includes a first set of electrodes and a second set
of electrodes. The electric stimulator is removably coupled
to the frame assembly and is in electrical communication
with the electrode assembly. The electric stimulator is con-
figured to send a first signal substantially during a first time
period and via a first channel to the first set of electrodes to
provide an electrical stimulation to a neuromuscular system
of the limb. The electric stimulator is configured to send a
second signal via a second channel to the second set of
electrodes to provide electrical stimulation to the neuromus-
cular system of the limb. The electric stimulator is config-
ured to send the second signal substantially during at least
one of the first time period or a second time period subse-
quent the first time period.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a schematic illustration of a system for
functional electrical stimulation of a limb according to an
embodiment.

[0011] FIG. 2 is a schematic illustration of a set of
stimulation channels formed, in part, by a set of electrodes
of a functional electrical stimulation (FES) system according
to an embodiment.

[0012] FIG. 3 is a schematic illustration of a set of
stimulation channels formed, in part, by a set of electrodes
of a functional electrical stimulation (FES) system according
to an embodiment.

[0013] FIGS. 4-6 are side, front, and perspective views,
respectively, of a FES orthosis for gait modulation according
to an embodiment.

[0014] FIG. 6A is an exploded view of a connector cover
according to an embodiment.

[0015] FIGS. 7-9 are side views and a perspective view,
respectively, of a portion a frame assembly of the FES
orthosis of FIG. 4.

[0016] FIGS. 10-11 are perspective views of the portion of
the frame assembly of the FES orthosis of FIG. 4 in a first
configuration and a second configuration, respectively.
[0017] FIGS.12-13 are a side view and a perspective view,
respectively, of the a portion of the frame assembly of the
FES orthosis of FIG. 4.

[0018] FIG. 14 is a side view of a portion of the frame
assembly of the FES orthosis of FIG. 4.

[0019] FIG. 15 is a rear view of a portion of a frame
assembly of the FES orthosis of FIG. 4, in an uncoupled
configuration.

[0020] FIG. 16 is a rear view of a portion of a frame
assembly of the FES orthosis of FIG. 4 in an uncoupled
configuration.

[0021] FIGS. 17A-17B are cross-sectional views of por-
tions of the frame assembly of the FES orthosis of FIG. 4
according to embodiments.

[0022] FIGS. 18A-18B are front and rear views, respec-
tively of a portion of a frame assembly of the FES orthosis
of FIG. 4, in an uncoupled configuration.

[0023] FIGS. 19A-19B are top and bottom views, respec-
tively, of an electrode configured for use with the FES
orthosis of FIG. 4 according to an embodiment.

[0024] FIGS. 19C-19D are perspective views of an elec-
trode base configured for use with the FES orthosis of FIG.
4 according to an embodiment.
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[0025] FIGS. 20A-20B are top and bottom views, respec-
tively, of an electrode configured for use with the FES
orthosis of FIG. 4 according to an embodiment.

[0026] FIGS. 20C-20D are perspective views of an elec-
trode base configured for use with the FES orthosis of FIG.
4 according to an embodiment.

[0027] FIGS. 21-24 are front views of an electrode assem-
bly of the FES orthosis of FIG. 4 according to embodiments.
[0028] FIGS. 25-44 are schematic illustrations of electri-
cal stimulation channels formed, in part, by providing elec-
trical stimulation from an electric stimulator of the FES
orthosis of FIG. 4 to an electrode assembly according to
embodiments.

[0029] FIGS. 45A-45B are bottom and top views, respec-
tively of an electrode assembly of the FES orthosis of FIG.
4 according to an embodiment.

[0030] FIGS. 46A-46B are bottom and top views, respec-
tively of an electrode assembly of the FES orthosis of FIG.
4 according to an embodiment.

[0031] FIG. 47 is a schematic illustration of a system for
functional electrical stimulation of a limb according to an
embodiment.

[0032] FIG. 48 is a front view of a portion of an orthosis
according to an embodiment.

[0033] FIG. 49 is a perspective rear view of the orthosis of
FIG. 48.
[0034] FIG. 50 is an enlarged view of a portion of the

orthosis of FIG. 49.

[0035] FIGS. 51A-51B are front and rear views of a
portion of a frame assembly of the FES orthosis of FIG. 48,
in an uncoupled configuration.

[0036] FIG. 52 is arear view of a portion of an FES system
according to an embodiment including the orthosis of FIG.
48, a housing, and electrodes according to an embodiment.
[0037] FIG. 53 is a perspective view of the portion of the
FES system of FIG. 52 with the electrodes coupled to the
orthosis according to an embodiment.

[0038] FIGS. 54-55 are front and rear views of a patient
with electrodes disposed in a first configuration and a second
configuration, respectively.

[0039] FIGS. 56-63 are various views of portions of strap
assemblies of the orthosis of FIG. 48 according to embodi-
ments.

[0040] FIG. 64 is a side view of the orthosis of FIG. 48
with a housing disposed thereon.

[0041] FIG. 65 is a front view of a limb of a patient with
the orthoses of FIGS. 4 and 48 disposed thereon.

[0042] FIG. 66 is a schematic illustration of a FES system
including the FES orthosis of FIG. 4 and the FES orthosis of
FIG. 48, according to an embodiment.

[0043] FIGS. 67-68 are schematic illustrations of user
interfaces of a control device according to an embodiment.

DETAILED DESCRIPTION

[0044] The embodiments and methods described herein
relate to an improved functional electrical stimulation (FES)
orthosis for users suffering from an impaired limb. More
particularly, the embodiments and methods described herein
relate to an improved FES orthosis for users suffering from
gait problems such as drop foot. In some embodiments, an
apparatus includes a frame assembly, an electrode assembly,
and an electric stimulator. The frame assembly is configured
to be removably coupled to a portion of a limb such that the
portion of the limb is substantially enveloped by the frame.
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The electrode assembly is configured to be in electrical
communication with a portion of a neuromuscular system of
the limb. The electrode assembly is at least partially dis-
posed between the frame assembly and the limb when the
limb is substantially enveloped by the frame. The electrode
assembly includes a first set of electrodes and a second set
of electrodes. The electric stimulator is in electrical com-
munication with the electrode assembly. The electric stimu-
lator is configured to send a first signal substantially during
a first time period and via a first channel to the first set of
electrodes operable to provide an electrical stimulation to a
neuromuscular system of the limb. The electric stimulator is
configured to send a second signal via a second channel to
the second set of electrodes operable to provide electrical
stimulation to the neuromuscular system of the limb. The
electric stimulator is configured to send the second signal
substantially during at least one of the first time period or a
second time period subsequent the first time period.

[0045] In some embodiments, an apparatus includes a
frame assembly, an electrode assembly and an electric
stimulator. The frame assembly is configured to be remov-
ably coupled to a portion of a limb such that the portion of
the limb is substantially enveloped by the frame. The
electrode assembly is configured to be in electrical commu-
nication with a portion of a neuromuscular system of the
limb. The electrode assembly is removably coupled to an
inner surface of the frame assembly and includes a panel of
flexible material and a plurality of surface electrodes
coupled to the panel. The plurality of surface electrodes
includes a set of cathodic electrodes and a set of anodic
electrodes. The electric stimulator is removably coupled to
the frame assembly. The electric stimulator is configured to
apply a first electrical current to the electrode assembly such
that the first electrical current is transmitted through bodily
tissue between a first cathodic electrode from the set of
cathodic electrodes and a first anodic electrode from the set
of anodic electrodes. The electric stimulator is configured to
apply a second electrical current to the electrode assembly
such that the second electrical current is transmitted through
bodily tissue between a second cathodic electrode from the
set of cathodic electrodes and at least one of the first anodic
electrode or a second anodic electrode from the set of anodic
electrodes.

[0046] In some embodiments, a method includes sending
a first signal via a first channel from an electric stimulator to
an electrode assembly to cause a first set of electrodes from
the electrode assembly to provide an electric stimulation
having a first set of parameters substantially during a time
period to a neuromuscular system of a limb. The first set of
electrodes includes a first cathodic electrode and a first
anodic electrode. The method also includes sending a second
signal via a second channel from the electric stimulator to
the electrode assembly to cause a second set of electrodes
from the electrode assembly to provide an electric stimula-
tion having a second set of parameters to the neuromuscular
system of a limb. The electric stimulation is provided
substantially during at least one of the first time period or a
second time period subsequent the first time period. The
second set of electrodes includes a second cathodic electrode
and at least one of the first anodic electrode or a second

anodic electrode.
[0047] As used in this specification and the appended
claims, the singular forms “a,” “an” and “the” include plural

referents unless the context clearly dictates otherwise. Thus,
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for example, the term “a member” is intended to mean a
single member or a combination of members, “a material” is
intended to mean one or more materials, or a combination
thereof.

[0048] As used herein, the terms “limb” and “limb seg-
ment” refer to at least a portion of a mammalian appendage.
For example, the embodiments described herein can be
coupled to and/or otherwise placed in contact with a limb
segment that can include a portion of the arm (e.g., the
shoulder, upper arm, lower arm, or hand), or a portion of the
leg (e.g., the hip, upper leg, lower leg, or foot) of a human
body.

[0049] As used herein, the terms “envelop,” “enveloping,”
and/or the like, with regard to a limb segment and an article
or device coupled thereto, refer to an article or device that
substantially surrounds and/or covers at least one half the
circumference of a limb segment when coupled thereto. For
example, if when coupled to a limb, an article or device
substantially circumscribes a portion of the limb, the article
or device can be said to envelop the portion of the limb.
[0050] As used herein, the terms “FES orthosis,” “ortho-
sis,” “neuroprosthetic,” “FES system,” “FES device,”
“device,” and/or the like can be used interchangeably and
refer generally to a medical apparatus that is selectively
placed in contact with a portion of a patient or user. As
described herein, such devices can include one or more
electrodes that can transmit a flow of electrical current to a
portion of a neuromuscular system associated with the
portion of the patient or user, thereby providing functional
electrical stimulation to, for example, an impaired limb.
[0051] As used herein, the terms “reversible,” “

9 <

revers-
ibly,” and/or the like when used to described a process
and/or procedure generally refer to a non-destructive process
or procedure that can be subsequently undone by a similar
yet substantially opposed, inverse, and/or opposite non-
destructive process or procedure. When used herein with
respect to attachment and/or detachment of an element or
assembly, a reversible attachment refers to a non-destruc-
tive, repeatable attachment and/or detachment of the ele-
ment or assembly.

[0052] As used herein, the term “set” can refer to multiple
features or a singular feature with multiple parts. For
example, when referring to a set of walls, the set of walls can
be considered as one wall with multiple portions, or the set
of walls can be considered as multiple, distinct walls. Thus,
a monolithically constructed item can include a set of walls.
Such a set of walls may include multiple portions that are
either continuous or discontinuous from each other. A set of
walls can also be fabricated from multiple items that are
produced separately and are later joined together (e.g., via a
weld, an adhesive, or any suitable method).

[0053] As used herein, the terms “about” and/or “approxi-
mately” when used in conjunction with numerical values
and/or ranges generally refer to those numerical values
and/or ranges near to a recited numerical value and/or range.
For example, in some instances, “about 40 [units]” can mean
within +25% of 40 (e.g., from 30 to 50). In some instances,
the terms “about” and “approximately” can mean within
+10% of the recited value. In other instances, the terms
“about” and “approximately” can mean within +9%, £8%,
7%, 6%, 5%, +4%, £3%, £2%, +1%, less than +1%, or
any other value or range of values therein or therebelow. The
terms “about” and “approximately” may be used inter-
changeably. In some instances, such as when assessing a gait
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phase of a stimulation parameter and/or the like, the terms
“about” and “approximately” can generally mean less than
plus or minus 10% of the value stated. Furthermore,
although a numerical value modified by the term “about” or
“approximately” can allow for and/or otherwise encompass
a tolerance of the stated numerical value, it is not intended
to exclude the exact numerical value stated.

[0054] In a similar manner, term “substantially” when
used in connection with, for example, a geometric relation-
ship, a numerical value, and/or a range is intended to convey
that the geometric relationship (or the structures described
thereby), the number, and/or the range so defined is nomi-
nally the recited geometric relationship, number, and/or
range. For example, two structures described herein as being
“substantially parallel” is intended to convey that, although
a parallel geometric relationship is desirable, some non-
parallelism can occur in a “substantially parallel” arrange-
ment. By way of another example, a structure defining a
volume that is “substantially 0.50 milliliters (mL)” is
intended to convey that, while the recited volume is desir-
able, some tolerances can occur when the volume is “sub-
stantially” the recited volume (e.g., 0.50 mL). Such toler-
ances can result from manufacturing tolerances,
measurement tolerances, and/or other practical consider-
ations (such as, for example, minute imperfections, age of a
structure so defined, a pressure or a force exerted within a
system, and/or the like). As described above, a suitable
tolerance can be, for example, of 1%, +2%, +3%, +4%,
5%, £6%, 7%, 8%, £9%, +10%, or more of the stated
geometric construction, numerical value, and/or range. Fur-
thermore, although a numerical value modified by the term
“substantially” can allow for and/or otherwise encompass a
tolerance of the stated numerical value, it is not intended to
exclude the exact numerical value stated.

[0055] As used herein, the terms “communication chan-
nel,” “communication mode,” and/or “modality” can be
used interchangeably and refer generally to one or more
modes of communication using, for example, one or more
electronic devices. Such modes of communication can be
associated with a specific format (e.g., a data unit format)
that, in some instances, can be unique to that mode of
communication (e.g., a different protocol, a different data
unit structure or arrangement, etc.). For example, a cellular
telephone (e.g., a smart phone) can send a communication to
another electronic device such as an electric stimulator via
a modality and/or via a network that is associated with the
cellular telephone (e.g., a short message service (SMS)
modality, a multimedia message service (MMS) modality, a
Bluetooth® modality, a wireless fidelity (WiFi®) modality,
etc.). Thus, when referring to a channel and/or modality, the
channel and/or modality includes, defines, and/or otherwise
is associated with a data unit format suitable for transmis-
sion of data via that communication mode.

[0056] As used herein, the term “module” refers to any
assembly and/or set of operatively-coupled electrical com-
ponents that can include, for example, a memory, a proces-
sor, electrical traces, optical connectors, software (executing
in hardware), and/or the like. For example, a module
executed in the processor can be any combination of hard-
ware-based modules (e.g., a field-programmable gate array
(FPGA), an application specific integrated circuit (ASIC), a
digital signal processor (DSP)) and/or software-based mod-
ules (e.g., a module of computer code stored in memory
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and/or executed at the processor) capable of performing one
or more specific functions associated with that module.
[0057] As used herein, and unless the context clearly
indicates otherwise, the words “proximal” and “distal” refer
to the direction closer to and away from, respectively, the
torso of a user or wearer of a medical device.

[0058] FIG. 1 is a schematic illustration of a system 100
used for gait modulation according to an embodiment. For
example, in some instances, the system 100 can be used by
a human patient who has one or more impaired limbs as a
result of injury and/or disease (e.g., stroke, spinal cord
injury, head injury, traumatic brain injury, cerebral palsy,
multiple sclerosis, etc.). More specifically, the system 100
includes a functional electrical stimulation (FES) orthosis
105 (also referred to herein as “orthosis™ and/or “device”)
that is placed in physical and electrical contact with a limb
10 of the patient such as, for example, a lower limb segment
of an impaired leg. As such, the patient and/or a health care
professional (e.g., doctor, nurse, technician, physician,
physical therapist, etc.) can engage the system 100 in such
a manner as to cause the orthosis 105 to selectively provide
electrical stimulation to a portion of a neuromuscular system
of the limb 10, which can, in turn, facilitate gait of the
patient who might otherwise experience, for example, drop
foot or the like, as described in further detail herein.
[0059] More particularly, the orthosis 105 can be config-
ured for multiple channel stimulation of the portion of the
neuromuscular system of the limb 10, as described in more
detail herein. In this manner, the orthosis 105 can direct or
steer a stimulation current within the portion of the neuro-
muscular system of the limb 10 to achieve more targeted
stimulation therein to achieve improvements in the patient’s
gait over that which is possible using known single channel
FES systems with known electrode configurations. In some
embodiments, the orthosis 105 is selectively operable to
provide single channel stimulation, dual channel stimula-
tion, and optionally three channel stimulation, to the portion
of the neuromuscular system of the limb 10, as described in
more detail herein. In some embodiments, the orthosis 105
is selectively operable to provide up to six channel stimu-
lation. In some embodiments, the orthosis 105 is selectively
operable to provide monopolar and/or bipolar stimulation to
the portion of the neuromuscular system of the limb.
[0060] The orthosis 105 includes a frame assembly 110, an
electrode assembly 120, and an electric stimulator 140. In
some embodiments, at least a portion of the orthosis 105 can
be substantially similar in form and function as those
described in U.S. Pat. No. 7,899,556 entitled, “Gait Modu-
lation System and Method,” filed Apr. 27, 2006 (referred to
henceforth as the “’556 patent”), U.S. Pat. No. 8,209,036
entitled, “Gait Modulation System and Method,” filed Nov.
12, 2006 (referred to henceforth as the “’036 patent”), U.S.
Pat. No. 8,694,110 entitled, “Orthosis for Gait Modulation,”
filed Jun. 25, 2012 (referred to henceforth as the “’110
patent”), and U.S. patent application Ser. No. 14/223,340
entitled “Systems and Apparatus for Gait Modulation and
Methods of Use,” filed Mar. 24, 2014 (referred to henceforth
as the “’340 application™), the disclosures of which are
incorporated herein by reference in their entireties.

[0061] The frame assembly 110 is configured to be remov-
ably coupled to a portion of a limb such that the portion of
the limb is substantially enveloped by the frame assembly.
In some embodiments, a portion of the frame assembly 110
includes one or more locators configured to facilitate proper
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positioning of the orthosis 105 with respect to the limb of the
patient. The locator can be formed by a recess or concavity
along an edge of the frame assembly 110 such that the recess
or concavity is configured to be aligned with a predeter-
mined location of the patient’s anatomy (e.g., a lower end of
a patella of the patient’s leg, a ridge of the tibial crest, or the
like). In some embodiments, an orthosis 105 includes a
locator configured to provide a visual indication of the
position of the orthosis, such as a line or arrow disposed
thereon that should be aligned with a predetermined portion
of the patient’s anatomy.

[0062] The frame assembly 110 can include one or more
layers. In some embodiments, at least a portion of the frame
assembly 110, such as a first layer, can be formed from a
semi-rigid material such as, for example, a relatively thin
metal, a thermoplastic, a polymer, and/or the like, which can
enable the frame assembly 110 to provide structural support
for the orthosis 105. Such a first layer of the frame assembly
110 is also referred to herein as a “frame”. At least a portion
of the frame assembly 110, such as a second or inner layer,
can be formed from a soft and/or flexible material, such as
a nylon. At least a portion of the frame assembly 110, such
as the second or inner layer, can be formed from a brushed
fabric, a hook and/or loop material, or the like, such as those
offered commercially by Nam Liong Enterprise Co., Ltd. In
some embodiments, the frame assembly 110 includes a third
or outer layer, which can be formed, at least in part, from a
flexible and/or elastic material such as elastane or spandex
(such as Lycra®) or any other suitable material. In some
embodiments, the first layer (or frame) is disposed between
the second (or inner) layer and the third (or outer) layer of
the frame assembly 110. In some embodiments, the frame
assembly 110 is devoid of a rigid or semi-rigid layer. In other
words, in some embodiments, the frame assembly 110 can
include one or more soft and/or flexible layers configured to
be removably coupled to (or disposed about) a portion of the
limb such that the portion of the limb is substantially
enveloped by the frame assembly and such that the one or
more soft and/or flexible layers provide the structural sup-
port for the orthosis 105. The layers of the frame assembly
can be coupled together using any suitable coupling mecha-
nism including, but not limited to an adhesive, welding,
stitching or the like.

[0063] The frame assembly 110 can have any suitable
shape and/or size that can be, for example, associated with
a segment of the limb 10 (e.g., a lower segment of a patient’s
leg, an upper segment of a patient’s leg, a lower segment of
a patient’s arm, an upper segment of a patient’s arm, a
patient’s hand). Moreover, at least a portion of the frame
assembly 110 can be transitioned between a first configu-
ration and a second configuration to couple the frame
assembly 110 to the limb 10. For example, in some embodi-
ments, the frame assembly 110 can include a coupling
portion or the like that can be transitioned between a first
(e.g., open) configuration and a second (e.g., closed) con-
figuration to at least temporarily couple the frame assembly
110 to the limb 10. Expanding further, when the orthosis 105
is coupled to the limb 10, the frame assembly 110 can be
configured to substantially envelop and/or circumscribe the
limb 10. In some embodiments, the coupling portion can
include one or more straps, clips, ratchets, and/or the like
that can allow for facile placement and coupling of the frame
assembly 110 to the limb 10, as described in further detail
herein.
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[0064] The electrode assembly 120 of the orthosis 105 is
coupled to an inner surface of the frame assembly 110. As
such, when the frame assembly 110 is coupled to the limb 10
(e.g., moved from its first configuration to its second con-
figuration), at least a portion of the electrode assembly 120
is placed in contact with a surface of the limb 10, as
described in further detail herein. The electrode assembly
120 can be any suitable arrangement of hardware and/or
software. For example, in some embodiments, the electrode
assembly 120 can include one or more electrodes that are
each electrically coupled to a wire, electrical trace, and/or
the like that are operable in electrically coupling the one or
more electrodes to the electric stimulator 140. In some
embodiments, at least a portion of the electrode assembly
120 can be disposed within a portion of the frame assembly
110. For example, in such embodiments, the electrode
assembly can include a set of wires that are substantially
enclosed by a portion of the frame assembly 110. In some
embodiments, at least a portion of the set of wires is
disposed within or otherwise extended through an opening
defined by the frame assembly 110. The wires can include
end portions that each include a connector or the like that
can, for example, be electrically coupled to the electric
stimulator 140 at a first end portion and that can, for
example, be electrically coupled to the electrodes at a second
end portion.

[0065] Although the connectors are described with respect
to orthosis 105 as being included in the electrode assembly
120, in some embodiments, the electrode assembly 120 is
electrically coupled to the electric stimulator 140 by a
connector assembly, as described in more detail herein. For
example, in such embodiments, the connector assembly can
include a set of wires that are substantially enclosed by a
portion of the frame assembly 110. The wires can include
end portions that each include a connector or the like that
can, for example, be electrically coupled to the electric
stimulator 140 at a first end portion and that can, for
example, be electrically coupled to the electrodes at a second
end portion. In some embodiments, a second end portion of
each wire is electrically coupled to a connector, electrode
base, or the like, configured to couple an electrode of the
electrode assembly to the frame assembly 110. In some
embodiments, at least a portion of the connector assembly is
disposed within or otherwise extended through an opening
defined by the frame assenibly 110. In some embodiments,
the electrode assembly 120 can be substantially similar in
many respects in form and/or function as those described in
the *556 patent, the *036 patent, the *110 patent, and/or the
*340 application.

[0066] In some embodiments, the electrode assembly 120
includes at least one electrode configured to provide an
electric stimulation to at least a portion of a neuromuscular
system of the limb. As described in more detail herein, each
electrode can be engaged by the system 100, and the electric
stimulator 140 particularly, to promote desired movement of
the limb, such as dorsiflexion, plantarflexion, inversion,
and/or eversion of the foot. Selective electrode activation
and selective flow of electrical current via one or more
channels affects the flow of the electrical current through the
portion of the neuromuscular system of the limb 10, and thus
can be referred to as “steering” or directing the current, or
more simply “current steering”.

[0067] More specifically, as described in more detail
herein, the orthosis 105 is configured for multi-channel
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stimulation of the neuromuscular system of the limb. As
such, the electrode assembly 120 can include any suitable
number of electrodes to provide such multi-channel stimu-
lation. In some embodiments, the electrode assembly 120
includes at least three electrodes. For example, the electrode
assembly 120 can include two cathodic electrodes and one
anodic electrode. In such an embodiment, an electrical
current can flow via a first channel (e.g., from the electric
stimulator 140) such that stimulation is provided to the
portion of the neuromuscular system of the limb 10 between
a first cathodic electrode and the anodic electrode, and
electrical current can flow via a second channel such that
stimulation is provided to the portion of the neuromuscular
system of the limb 10 between a second cathodic electrode
and the anodic electrode, as described in more detail herein.
In other embodiments, the electrode assembly 120 can
include two anodic electrodes and one cathodic electrode,
which can similarly provide electrical stimulation via two
channels. In other words, the orthosis 105 can be configured
for multi-channel stimulation such that at least one electrode
of the electrode assembly 120 is used to deliver stimulation
via at least two different channels. In this manner, the
electrode assembly 120 can include at least one electrode
that is shared between two or more stimulation channels
during FES using the orthosis 105.

[0068] In some embodiments, the electrode assembly 120
includes four, five, six, or more electrodes. For example, the
electrode assembly 120 can include two cathodic electrodes
and two anodic electrodes. In such an embodiment, an
electrical current can flow via a first channel (e.g., from the
electric stimulator 140) such that stimulation is provided to
the portion of the neuromuscular system of the limb 10
between a first cathodic electrode and a first anodic elec-
trode, and electrical current can flow via a second channel to
the portion of the neuromuscular system of the limb 10
between a second cathodic electrode and a second anodic
electrode, as described in more detail herein. In some
embodiments, the electrical current can flow via the first
channel substantially concurrently with the flow of electrical
current via the second channel. In some embodiments, the
electrical current can flow via the first channel before or after
the flow of electrical current via the second channel. In some
embodiments, electrical current can be provided by the first
channel and the second channel in an alternating pattern.

[0069] In another example, the electrode assembly 120
can include three cathodic electrodes and one anodic elec-
trode. In such an embodiment, an electrical current can flow
via a first channel (e.g., from the electric stimulator 140)
such that stimulation is provided to the portion of the
neuromuscular system of the limb 10 between a first
cathodic electrode and the anodic electrode, electrical cur-
rent can flow via a second channel such that stimulation is
provided to the portion of the neuromuscular system of the
limb 10 between a second cathodic electrode and the anodic
electrode, and electrical current can flow via a third channel
such that stimulation is provided to the portion of the
neuromuscular system of the limb 10 between a third
cathodic electrode and the anodic electrode. In this manner,
the anodic electrode is a shared electrode between the three
stimulation channels. In some embodiments, the electrode
assembly 120 can include three anodic electrodes and one
cathodic electrode, which can similarly provide electrical
stimulation via three channels
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[0070] 1In still another example, the electrode assembly
120 can include three cathodic electrodes and two anodic
electrodes. In such an embodiment, an electrical current can
flow via a first channel (e.g., from the electric stimulator
140) such that stimulation is provided to the portion of the
neuromuscular system of the limb 10 between a first
cathodic electrode and a first anodic electrode, electrical
current can flow via a second channel such that stimulation
is provided to the portion of the neuromuscular system of the
limb 10 between a second cathodic electrode and the first
anodic electrode, and electrical current can flow via a third
channel such that stimulation is provided to the portion of
the neuromuscular system of the limb 10 between a third
cathodic electrode and a second anodic electrode, as
described in more detail herein. In yet another example, the
electrode assembly 120 can include three cathodic elec-
trodes and three anodic electrodes.

[0071] In some embodiments, the electrode assembly 120
includes a set of electrodes configured to provide stimulation
to a portion of the neuromuscular system of the limb that
results in dorsiflexion of a foot of the patient. In some
embodiments, the electrode assembly 120 includes a set of
electrodes configured to provide stimulation to a portion of
the neuromuscular system of the limb that results in inver-
sion or eversion of the foot such that a sole of the foot is
moved towards a neutral position with respect to a midline
of the patient’s body and away from an everted or inverted
position, respectively (referred to herein as a “balanced” or
“neutral” position). In some embodiments, the electrode
assembly 120 includes a set of electrodes configured to
provide stimulation to a portion of the neuromuscular sys-
tem of the limb that causes plantarflexion of the foot. One or
more electrodes from the electrode assembly can be
included in one or more of the foregoing sets of electrodes.
In other words, in some embodiments, at least one electrode
is “common” to or “shared” by at least two of the foregoing
sets of electrodes. In other words, one or more electrodes can
provide stimulation that results in both dorsiflexion and
movement of the foot towards a neutral position. Any one or
more of the foregoing sets can be selectively and concur-
rently operable, for example, to promote a desired degree of
dorsiflexion of the foot concurrently with a desired degree of
inversion or eversion of the foot towards a neutral position,
or a desired degree of plantarflexion of the foot concurrently
with a desired degree of inversion or eversion of the foot
towards a neutral position.

[0072] In some embodiments, the electrode assembly 120
includes a set of electrodes coupled to, disposed on, or
otherwise formed on a panel configured to be coupled to an
inner surface of the frame assembly 110. The panel can be
coupled to the frame assembly 110 using any suitable
coupling mechanism, such as one or more mechanical
fasteners (e.g., snaps, hook-and-loop, or the like).

[0073] The panel can be constructed of a flexible material
to facilitate placement of the electrodes on the skin of the
patient when the orthosis 105 is donned. In some embodi-
ments, the panel is formed of a non-conductive material. In
some embodiments, the panel includes non-conductive
regions separating each electrode from the set of electrodes.
In some embodiments, the set of electrodes is coupled to or
included in a single panel. For example, at least two, three,
four, five, or six electrodes can be coupled to or included in
the panel.
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[0074] In other embodiments, the set of electrodes can be
distributed among more than one panel. Such an arrange-
ment can be beneficial for use with an orthosis configured to
provide FES to promote plantarflexion, in addition to dor-
siflexion, of the foot, because the separate panels permit the
placement of electrodes on opposing, or otherwise spaced
apart, locations of the inner surface of the frame assembly
such that the electrode assembly can be positioned on
opposing sides of the patient’s limb. For example, in some
embodiments, the electrode assembly includes a first panel
and a second panel, each of which includes multiple elec-
trodes. The first panel can include one, two, three, four, five
or more electrodes, and the second panel can include one,
two, three, four, five or more electrodes. More specifically,
in some embodiments, the first panel can include three
electrodes and the second panel can include two electrodes.
In other embodiments, the first panel can include four
electrodes and the second panel can include two electrodes.
In other embodiments, however, a single panel can include
two, three, four, five or more electrodes positioned or
disposed thereon such that at least one electrode is spaced a
distance from at least another electrode that the electrode
assembly is positioned on opposing sides of the patient’s
limb when the orthosis 100 is donned for FES.

[0075] A position of one or more electrodes with respect
to the panel can be fixed. In other words, one or more of the
electrodes can be fixedly coupled to the panel, which facili-
tates repeatable placement of the electrode with respect to
the frame assembly when the electrode assembly 120 is
coupled to the frame assembly 110. At least a first electrode
can be positioned with respect to the panel such that, when
the panel is coupled to the frame assembly 110 and donned
on the limb 10, the first electrode is disposed over or
proximate to a target nerve (e.g., a tibial nerve or a peroneal
nerve) or muscle of the neuromuscular system of the limb
10. For example, at least one cathodic electrode of the
electrode assembly can be positioned on the panel such that,
in use, the at least one cathodic electrode provides or
facilitates steering of electrical stimulation at least to the
target nerve or muscle of the neuromuscular system of the
limb 10. At least a second electrode can be coupled to the
panel in a position such that, when coupled to the frame
assembly 110 and donned on the limb 10, the second
electrode is disposed over or proximate to a target nerve or
muscle of the neuromuscular system of the limb. For
example, at least one anodic electrode of the electrode
assembly can be positioned on the panel such that, in use, the
at least one anodic electrode facilitates steering of electrical
stimulation to at least the target nerve or muscle of the
neuromuscular system of the limb 10.

[0076] The electric stimulator 140 of the orthosis 105 is
configured to apply functional electrical stimulation to the
neuromuscular system of the patient’s limb, and can include
any suitable combination of hardware and software. For
example, the electric stimulator 140 can be an electronic
device or module that can include one or more electrical
circuits operable in providing a flow of electrical current to
at least a portion of the neuromuscular system of the limb 10.
More specifically, in some embodiments, the electric stimu-
lator 140 can be configured to provide the flow of electrical
current via multiple channels to one or more portions of the
neuromuscular system of the limb 10, as described herein.

[0077] The electric stimulator 140 of the orthosis 105 is
removably coupled to the frame assembly 110. For example,
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in some embodiments, the frame assembly 110 can form a
cradle and/or the like that can be configured to at least
temporarily retain the electric stimulator 140 therein, as
described herein. In this manner, the electric stimulator 140
can be mounted to and supported by the frame assembly 110.
[0078] The electric stimulator 140 is configured to be
placed in electrical communication with the electrode
assembly 120, for example, when the electric stimulator 140
is removably coupled to the frame assembly. In some
embodiments, the cradle of the frame assembly can include
at least one electrical contact configured to electrically
couple the electric stimulator 140 to the electrode assembly
120. The electrode assembly 120 can be operably coupled to
the electric stimulator 140 via any suitable wiring, connec-
tor, interface, and/or structure. For example, in some
embodiments, the frame assembly 110 can include a con-
nection assembly including one or more wires, connectors
and/or the like configured to place the electric stimulator 140
in electrical communication with, for example, the electrode
assembly 120. In some embodiments, at least a portion of
such a connection assembly is disposed in the cradle of the
frame assembly 110.

[0079] In some embodiments, the electric stimulator 140
can receive and/or send signals to a set of external and/or
implanted electrical devices via any suitable communication
mode. For example, in some embodiments, the electric
stimulator 140 can include two, three, four, five, six, or more
communication and/or electrical channels that can be oper-
able in sending and/or receiving signals to and/or from,
respectively, the electrode assembly 120, a sensor 130
associated with the orthosis 105, and/or any other suitable
electronic device operably coupled thereto. In some embodi-
ments, at least a portion of the communication and/or
electrical channels can be associated with sending and/or
receiving a signal via a wireless communication modality
(e.g., a modality, format, and/or the like associated with
WiFi®, Bluetooth®, near field communication (NFC), cel-
lular communication such as, short message service (SMS)
or multimedia message service (MMS), and/or the like), as
described in further detail herein.

[0080] As discussed above, the electric stimulator 140 can
be configured to provide multi-channel electrical stimula-
tion. The electric stimulator 140 can include at least two
channels for providing a flow of electrical current to at least
a portion of the neuromuscular system of the limb 10 via the
electrode assembly, as described herein. In some embodi-
ments, the electric stimulator 140 includes three channels for
providing the flow of electrical current to the neuromuscular
system of the limb 10. In this manner, the electric stimulator
140 can selectively and independently control one or more
parameters associated with the flow of electrical current via
each channel.

[0081] Such parameters can include, but are not limited to,
the electrical current’s amplitude, voltage, pulse rate, wave-
form, phase duration, or the like. For example, the electric
stimulator 140 can provide a flow of electrical current
having a first intensity via a first channel, and a flow of
electrical current having a second intensity via a second
channel. The intensity of the electrical current associated
with each channel can be controlled or otherwise affected by
the value of one or more of the foregoing parameters, or any
combination thereof. The second intensity can be less than,
substantially equal to, or greater than the first intensity. Said
another way, the value of the first intensity is independent of
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the value of the second intensity. In some embodiments, the
first intensity includes a first amplitude and the second
intensity includes a second amplitude. Each of the first
amplitude and the second amplitude can be within the range
of about 10 milliamperes (mA) to about 50 mA. For
example, in some embodiments, the first amplitude is within
the range of about 10 milliamperes (mA) to about 50 mA,
and the second amplitude is within the range of about 10 mA
to about 30 mA. More specifically, in some embodiments,
the first amplitude can be about 30 mA and the second
amplitude can be about 25 mA. It should be noted that by
using dual-channel stimulation, similar or improved foot
movement can be promoted utilizing lower intensities that
resulting from stimulation at a higher intensity using a
known FES system. In some embodiments, the electrical
current provided via at least one of the first channel or the
second channel has a pulse rate within the range of 10 hertz
(“Hz”) to 60 Hz. For example, in one embodiment, the pulse
rate of the current provided by both the first channel and the
second channel is 30 Hz. In another example, in one
embodiment, the pulse rate of the current provided by both
the first channel and the second channel is 40 Hz. In some
embodiments, the electrical current provided via at least one
of the first channel or the second channel has a symmetric
waveform, however, in other embodiments the current can
produce a different waveform, such as an asymmetric wave-
form or a sine waveform (such as that produced using what
is conventionally known as “Russian stimulation,” or “Burst
Mode Alternating Current” stimulation). In some embodi-
ments, the electrical current provided via at least one of the
first channel or the second channel has a phase duration
within the range of 50 microseconds (us) to 300 ps. For
example, in one embodiment, the phase duration of the
current provided by both the first channel and the second
channel is 200 ps.

[0082] In some embodiments, the electric stimulator 140
can provide and control one or more of the parameters of the
flow of electrical current via the first channel, the second
channel, and, optionally, a third channel, substantially con-
currently. In this manner, the electric stimulator 140 can
cause electrical current to flow through two or more of the
channels substantially during a time period, while the elec-
tric stimulator 140 controls the parameters of the electrical
current flowing through each channel independently of one
or more parameters of the current flowing through another
channel.

[0083] By independently controlling the flow of electrical
current through each channel, the electric stimulator 140,
and the orthosis 105 as a whole, is configured to steer the
electrical current within the neuromuscular system of the
limb 10, thereby promoting improved movement and posi-
tioning of a portion of the limb 10 (e.g., the foot) during a
gait event, than that would otherwise be achieved via known
systems utilizing single channel stimulation, as described in
more detail herein.

[0084] The electric stimulator 140 can be configured to
selectively switch each channel on to permit the flow of
electrical current through the channel, or off to prevent or
cease the flow of electrical current therethrough, even while
providing the flow of electrical current via a different
channel.

[0085] In some embodiments, the orthosis 105 of the
system 100 can optionally include the sensor 130. The
sensor 130 can be any suitable sensor device or can include
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a combination of sensor devices. For example, in some
embodiments, the sensor 130 can include tilt sensor, an
accelerometer, a gyroscope, a pressure sensor, a force sen-
sitive resistor, a speedometer, a magnetometer, a goniometer
or other mechanism for detecting and/or measuring angular
displacement of the limb segment, and/or the like. In this
manner, when the system 100 is used for gait modulation of
a patient with an impaired limb (i.e., leg), the sensor 130 can
be configured to sense and/or otherwise detect a character-
istic associated with, for example, a gait event such as a
position of the sensor 130 relative to the orthosis 105, a
position of the limb 10 relative to a reference plane or the
like, an angular position of the limb 10 relative to a reference
plane or the like, velocity, rate of change in velocity (i.e.,
acceleration), tilt of the patient’s foot, pressure (e.g., when
the foot and/or shoe contacts a surface upon which the
patient is walking), or the like. In some embodiments, the
stimulator 140 is configured to determine the speed of a
patient’s gait, the patient’s cadence during gait, whether the
patient is in a swing phase or stance phase of gait, the
patient’s range of motion (lateral, posterior, and/or anterior),
and whether the patient is sitting, based on a signal received
from the sensor 130 based on one or more of the foregoing
characteristics detected by the sensor 130.

[0086] In some embodiments, the sensor 130 can be
included in and/or integrated with the frame assembly 110,
the electrode assembly 120, and/or the electric stimulator
140. In other embodiments, the sensor can be physically
distinct from the orthosis 105 and in electrical communica-
tion with the electric stimulator 140 via a wireless commu-
nication channel. For example, in some embodiments, the
electric stimulator 140 can be coupled to the frame assembly
110, which in turn, is coupled to a first segment of the limb
(e.g., adjacent to the knee of the patient’s leg) and the sensor
can be coupled to and/or otherwise can be associated with a
second segment of the limb 10 (e.g., adjacent to the foot
and/or ankle of the patient’s impaired leg). In some embodi-
ments, the sensor can be coupled and/or otherwise can be
associated with a segment of the contralateral leg (e.g.,
adjacent to the foot and/or ankle of the patient’s leg not
donning the electric stimulator 140).

[0087] Insome embodiments, the system 100 includes two
or more sensors or sensor devices. For example, in some
embodiments, the system 100 has a first sensor 130 included
in the orthosis 105, such that the sensor is included in and/or
integrated with the fame assembly 110, the electrode assem-
bly 120 or the electric stimulator 140, and a second sensor
(not shown in FIG. 1) physically distinct from the orthosis
105 (e.g., adjacent to the foot and/or ankle of the same limb
on which the orthosis 105 is donned or of the contralateral
limb). For example, in such an embodiment, the first sensor
can include at least one of a gyroscope or an accelerometer
included in or otherwise integrated with a component of the
orthosis 105 and the second sensor can be a pressure sensor
or force sensitive resistor disposed beneath a heel of the foot.
In some embodiments, the system 100 can have one, two or
more sensors included or integrated with the electric stimu-
lator 140 and one, two or more sensors included in the frame
assembly 110. For example, in some embodiments, the
electric stimulator 140 includes a first gyroscope and the
frame assembly 110 includes a second gyroscope. In another
example, in some embodiments, the electric stimulator 140
can include two gyroscopes (or two other sensor or combi-
nation of sensors). In still another example, the frame
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assembly 110 can include two gyroscopes (or two other
sensors or combination of sensors). In yet another example,
the system 100 can include a gyroscope and an accelerom-
eter (e.g., a three-axis accelerometer), which can both be
physically integrated a single component (e.g., the electric
stimulator 140, the frame assembly 110, the electrode
assembly 120, or the like) of the system, integrated into
different components of the system, coupled to a different
portion of the orthosis 105, or physically distinct from the
orthosis. The sensor(s) is configured to send a signal to the
electric stimulator 140 based on a parameter associated with
the patient’s gait. In some embodiments, the electric stimu-
lator 140 is configured (e.g., via the microprocessor) to
calculate a gait parameter based on the signal received from
the sensor.

[0088] As described above, in some instances, the system
100 can be used for gait modulation of patients with an
impaired limb. More specifically, the system 100 can be used
to enhance the limb function of a patient experiencing drop
foot. In such instances, the patient can manipulate the
orthosis 105 in such a manner as to couple the orthosis 105
to the impaired limb. For example, the patient can position
the orthosis 105 adjacent to the knee of an impaired leg and
can transition the frame assembly 110 from a first configu-
ration to a second configuration (as described above) to
removably couple the orthosis 105 to the leg.

[0089] The placement of the orthosis 105 can be such that
a set of electrodes included in the electrode assembly 120 are
disposed in a location relative to the leg that is associated
and/or corresponds to a desired portion of the neuromuscular
system of the leg. For example, as described above, one or
more electrodes can be disposed in a location relative to one
or more target nerves of the leg, and/or one or more
electrodes can be disposed in a location relative to one or
more target muscles of the leg. As described herein, when
applied to different parts of the limb, current steering can be
used to achieve balanced movement of at least a portion of
the limb. More specifically, to enhance the leg function of a
patient experiencing drop foot during gait, the orthosis 105
can be positioned relative to the leg to place one or more
electrodes in electric communication with the peroneal
nerve and/or the tibial nerve. Thus, the electrodes can
transmit functional electrical stimulation to the peroneal
nerve, which can result in dorsiflexion of the foot, the tibial
nerve, which can result in plantarflexion of the foot, and/or
one or more additional nerves or muscles of the leg, which
can result in reduced or eliminated inversion or eversion of
the foot (i.e., the foot is balanced in a neutral position or is
moved towards a neutral position from an inverted or
everted position) thereby enhancing the function of the
impaired leg to mitigate the effects of drop foot, as described
in further detail herein. In another example, the sciatic nerve
(or, more specifically, the main branch of the sciatic nerve
before the sciatic nerve divides into its two branches of the
tibial nerve and the common peroneal nerve) can be stimu-
lated to activate the hamstrings. In another example, the
femoral nerve can be stimulated to activate the quadriceps.

[0090] With the frame assembly 110 retained in the
desired position relative to the impaired leg, the patient can
begin walking. During walking, the sensor 130 can be
configured to sense and/or detect a set of characteristics
(such as those described above) associated with a gait event
and can send a signal associated with the characteristic to the
electric stimulator 140. For example, in some embodiments,
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the gait event can be associated with a “heel-off” event (i.e.,
the point during gait at which the heel is lifted off the surface
upon which the patient is walking). The sensor 130 can send
the signal to the electric stimulator 140 via any suitable
communication channel. For example, if the sensor 130 is
collocated with at least a portion of the electric stimulator
140 and/or the frame assembly 110, the sensor 130 can send
the signal via a communication channel associated with a
wired signal transmission. If, however, the sensor 130 is
physically distinct from the other portions of the orthosis
105, the sensor can send the signal via a communication
channel associated with a wireless signal transmission, such
as those described above. In some embodiments, the electric
stimulator 140 can receive a signal from multiple sensors
130 that can be configured to sense and/or detect a charac-
teristic associated with a gait event at different segments
along the limb (e.g., leg) of the patient.

[0091] Upon receiving the signal from the sensor 130, the
electric stimulator 140 can be configured to transmit an
electrical current (e.g., generated by a power supply or the
like included in the electric stimulator 140) along a first
portion or channel of an electric circuit and along a second
portion or channel of the electric circuit. Referring to FIG.
2, the current flowing via a first channel Chl of the electric
circuit is transmitted to at least a first electrode 122 of the
electrode assembly 120, through one or more nerves and/or
muscles of the limb 10, and at least a portion of the current
is returned through at least a second electrode 124 of the
electrode assembly 120 to the electric stimulator 140. In this
manner, the first channel Chl of stimulation includes the first
electrode 122 and the second electrode 124, as shown in
FIG. 2. The current flowing via a second channel Ch2 of the
electric circuit is transmitted to at least a third electrode 123
of the electrode assembly 120, through one or more nerves
and/or muscles of the limb 10, and at least a portion of the
current is returned through a fourth electrode 125 of the
electrode assembly 120 to the electric stimulator 140. In
some embodiments, however, at least a portion of the current
flowing in the second channel can be returned through the
second electrode 124. In this manner, the second channel
Ch2 of stimulation includes the third electrode 123 and the
fourth electrode 125, and/or, in some embodiments, the
second electrode 124.

[0092] Optionally, in some embodiments, the electric
stimulator 140 is configured to transmit an electrical current
along a third portion or channel of an electric circuit, which
is electrically coupled to the electrode assembly. Referring
to FIG. 3, in some embodiments, electrical current is pro-
vided in a first channel Chl between a first electrode 222 of
an electrode assembly 220 (which can be similar in many
respects to electrode assembly 120) and a second electrode
224 of the electrode assembly, through one or more nerves
or muscles of the limb 10, in a second channel Ch2 between
a third electrode 223 and fourth electrode 225 of the elec-
trode assembly 120, through one or more nerves or muscles
of the limb 10, and via a third channel Ch3 between a fifth
electrode 226 and a sixth electrode 227, through one or more
nerves or muscles of the limb 10.

[0093] Although each of electrodes 224, 225 and 227 are
shown and described above as returning a current from
electrodes 222, 223 and 226, respectively, and thus forming
a portion of the first, second and third stimulation channels,
respectively, in some embodiments, one or more of elec-
trodes 224, 225, and 227 can be selectively configured to
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return at least a portion of the current flowing from a
different one or an additional one of electrodes 222, 223,
226. In this manner, for example, electrode 224 can selec-
tively form a portion of the second channel Ch2 and/or the
third channel Ch3 in addition to and/or instead of the first
channel Chl. In another example, electrode 225 can selec-
tively form a portion of the first channel Ch1 and/or the third
channel Ch3 in addition to or instead of the second channel
Ch2. In still another example, electrode 227 can selectively
form a portion of the first channel Chl and/or the second
channel Ch2 in addition to or instead of the third channel
Ch3.

[0094] The current flowing via each of the first and second
(and, optionally, third) channels provides FES to one or
more nerves or muscles of the limb, such as the peroneal
nerve of the leg thereby resulting in dorsiflexion and/or
plantarflexion of the foot as well as a neutral foot (or at least
reduced inversion or eversion of the foot) substantially at the
time of the heel-off event (e.g., a very short time after the
sensor 130 detects the heel-off event consistent with a rate
of electrical signal and/or electrical current transmission
such as, 0.10 seconds, 0.05 seconds, 0.01 seconds, 0.001
seconds, 0.0001 seconds, or less). In some embodiments,
electrical current flowing via the first channel has a first
intensity and electrical current flowing via the second chan-
nel has a second intensity, which can promote a balanced or
neutral foot position in conjunction with the foot’s dorsi-
flexion (also referred to herein as “balanced dorsiflexion”™).
In other words, multiple-channel (e.g., dual-channel or
triple-channel) FES is configured to reduce the degree of or
eliminate eversion or inversion of the foot that may other-
wise occur in the presence of dorsiflexion or plantarflexion
of the foot resulting from single-channel FES. As a result,
the foot of the patient flexes toward the leg and moves
towards a neutral position, enhancing a portion of the
patient’s gait.

[0095] In some instances, the sensor 130 can sense and/or
detect a characteristic associated with a second gait event
such as, for example, a “heel-on” event (i.e., the point during
gait at which the heel is placed in contact with the surface
of upon which the patient is walking). As described above,
the sensor 130 can send a signal associated with the char-
acteristic to the electric stimulator 140 and, upon receipt, the
electric stimulator 140 can terminate the flow of electrical
current to the electrodes. In some embodiments, the electric
stimulator 140 can send an electrical current along an
electric circuit, such as via at least two of the first channel,
the second channel, or an optional third channel of the
electrical circuit, that is electrically coupled to one or more
electrodes in electrical communication with one or more
target nerves or muscles of the leg (e.g., the tibial nerve).
Thus, the electrodes can provide FES to the tibial nerve
resulting in a balanced or neutral foot position in conjunc-
tion with the foot’s plantarflexion (referred to herein as
“balanced plantarflexion”) substantially at the time of the
heel-on event (as described above). In this manner, the
termination of the FES to a first target nerve (e.g., the
peroneal nerve) relaxes the portion of the neuromuscular
system resulting in a relaxation of the dorsiflexion, while
substantially concurrently, the FES provided to a second
target nerve (e.g., the tibial nerve) results in plantarflexion of
the foot, and also substantially concurrently the FES is
provided to at least another nerve and/or muscle of the leg
to reduce and/or eliminate eversion or inversion of the foot.
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As such, the foot flexes away from the leg and the foot is in
or moves toward a neutral position, thereby enhancing a
portion of the patient’s gait.

[0096] In some embodiments, the electric stimulator 140
can include a microprocessor, such as, for example, an
application-specific integrated circuit (ASIC) or a combina-
tion of ASICs, which are designed to perform one or more
specific functions. In some embodiments, the stimulator 140
can include an analog or digital circuit, or a combination of
multiple circuits.

[0097] In some embodiments, the stimulator 140 can
include a memory, such as, for example, a read only memory
(ROM) component, a random access memory (RAM) com-
ponent, electronically programmable read only memory
(EPROM), erasable electronically programmable read only
memory (EEPROM), and/or flash memory. In some embodi-
ments, the electric stimulator 140 can include, for example,
a memory or the like that can be configured to store
information at least partially defining a set of parameters
associated with the FES. For example, in some embodi-
ments, the electric stimulator 140 can be configured to store
information associated with an amplitude, voltage, pulse
rate, waveform, and/or current level associated with the
FES, a sensitivity associated with the sensor 130, a reposi-
tory of actions to perform based on information received
from the sensor 130, and/or any other suitable information
and/or logic. Thus, the electric stimulator 140 can be con-
figured to provide FES to the impaired leg with a set of
characteristics that can be uniquely associated with the
patient. In some embodiments, the electric stimulator 140 is
configured to store data, including, but not limited to, usage
data (e.g., historical data associated with the FES provided
to the patient via the orthosis 105, including the set(s) of
parameters associated with the FES, the frequency of use,
the duration of use over a time period, e.g., on a daily,
weekly and/or monthly basis), data associated with the
patient’s gait (e.g., multiple individual parameters associ-
ated with the patient’s gait), data associated with the
patient’s number of daily steps taken, data associated with a
distance traveled by the patient during gait or other physical
activity (e.g., cycling, rowing, paddling, or the like), data
associated with the patient’s daily range of motion for the
impaired limb, data indicative of the frame assembly or
assemblies to which the electric stimulator has been coupled
to (or attempted to be coupled to) and the duration of such
coupling, or the like.

[0098] In some instances, the patient and/or a health care
professional can manipulate the electric stimulator 140 to
change one or more parameters and/or characteristics asso-
ciated with the FES provided to the impaired leg. For
example, in some embodiments, a health care professional
can adjust (e.g., increase or decrease) the intensity of elec-
trical current flowing via the first channel of the stimulator
140 and can adjust the intensity of electrical current flowing
via the second channel of the stimulator 140 until a neutral
foot position is achieved (e.g., the foot is in a neutral position
or inversion or eversion of the foot is reduced), and the
intensity for each channel resulting in the desired foot
position can be stored as a parameter associated with the
FES. More specifically, the health care professional can
adjust the amplitude of the electrical current flowing via
each of the first and second channels of the stimulator 140
until a neutral or balanced foot position and/or dorsiflexion
is achieved, and the amplitude for each channel resulting in
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the desired foot position can be stored in the stimulator 140
as a parameter associated with the FES. Such adjustment of
the one or more parameters can be performed, for example,
by a healthcare professional during an initial session to set
up the orthosis 105 with the patient, or during one or more
other sessions, check-ups, or the like. Additionally such
adjustment of the one or more parameters can be performed,
in one embodiment, directly via a user interface of the
electric stimulator 140 (e.g., accessible on or through the
housing of the electric stimulator). In other embodiments,
such adjustment can be performed via a control device
distinct from the electric stimulator 140, as described in
more detail herein with respect to control devices 3500,
3550. In some embodiments, the electric stimulator 140 is
configured for wireless communication with the control
device, as also described in more detail herein. More spe-
cifically, the electric stimulator 140 can be configured to
receive a wireless signal from the control device, to send a
wireless signal to the control device, or both. In this manner,
for example, the electric stimulator 140 can be controlled via
wireless signal(s) by the control device, and can wirelessly
transmit to the control device data stored in the electric
stimulator 140 (e.g., usage data or the like).

[0099] Insomeembodiments, at least one of the stimulator
140 (e.g., via the microprocessor or other suitable compo-
nent therein) or the control device is configured to change
one or more parameters and/or characteristics associated
with the FES provided to the impaired leg. For example, in
some embodiments, the stimulator 140 (and/or control
device) is configured to receive one or more signals asso-
ciated with the patient’s gait from one or more sensors 130.
The stimulator 140 (and/or control device) can be configured
to process such signal(s) in a manner to measure, calculate
or the like a different parameter associated with the patient’s
gait. The stimulator 140 (and/or control device) can be
configured to change one or more parameters and/or char-
acteristics associated with the FES provided to the impaired
leg based on the measured or calculated parameter. For
example, in some embodiments, the stimulator 140 is con-
figured to receive from a gyroscope at a first time a signal
associated with a first gait parameter (e.g., a first angle of a
portion of the leg during a gait event, such as during a step
or swing phase) and to receive from the gyroscope at a
second time subsequent the first time a second signal asso-
ciated with a second gait parameter (e.g., a second angle of
the portion of the leg during the gait event or a subsequent
gait event). Cumulatively, the first and second signals
received by the stimulator 140 from the gyroscope are
indicative of a range of motion of the limb. The stimulator
140 can be configured to measure or calculate (e.g., via
execution of a set of stored instructions) a distance traveled
on the first signal and the second signal. Said another way,
the stimulator 140 can be configured to measure or calculate
a distance traveled based on the range of motion measure-
ments associated with the limb. In some embodiments, the
stimulator 140 is configured to adjust one or more param-
eters associated with the FES based on the measured or
calculated range of motion.

[0100] In some embodiments, the stimulator 140 is con-
figured to send to the control device a signal associated with
the first and second signals received from the gyroscope, and
the control device is configured to calculate the distance
traveled (or other gait parameter). The control device can be
configured to send to the stimulator 140 a signal that
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includes instructions to adjust one or more parameters
and/or characteristics associated with the FES based on the
calculated distance traveled. The control device can be
configured to send to the stimulator 140 a signal associated
with the calculated distance traveled, and the stimulator can
be configured to adjust, based on the received signal, one or
more parameters and/or characteristics associated with the
FES.

[0101] Insome embodiments, at least one of the stimulator
140 (e.g., via the microprocessor or other suitable compo-
nent therein) or the control device is configured to change
one or more parameters and/or characteristics associated
with the FES provided to the impaired leg based at least in
part on motion capture technology. For example, in some
embodiments, the FES system includes motion capture
technology configured to image a portion of the limb (e.g,,
the patient’s foot) during at least a portion of the gait cycle.
The stimulator 140 (or the control device 160) can be
configured to adapt one or more stimulation parameters
based on the image, and more particularly, with one or more
data points associated with the image, and optionally also
based on one or more signals associated with the patient’s
gait received from one or more sensors 130. For example,
the system can be configured to image the patient’s foot
during gait, and depending on whether data derived from the
image indicated inversion or eversion of the foot, the stimu-
lator 140 (or the control device 160) can adaptively adjust
one or more stimulation parameters based on the data from
the image, and optionally also based on one or more sensors
received from one or more sensors 130.)

[0102] In some embodiments, the electric stimulator 140
is configured for use with more than one orthosis (for
example, as described in more detail with respect to FIG.
66). For example, the electric stimulator 140 can be config-
ured for use with the FES orthosis 105, which can be an
orthosis configured to be donned on the right leg of the user,
and configured for use with a FES orthosis (not shown in
FIG. 1) configured to be donned on the left leg of the user.
Such an orthosis can be identical in function to the FES
orthosis 105, however, components of the orthosis can be
arranged in a substantially mirror image to facilitate place-
ment on the opposing leg, and thus are not described in detail
herein. The electric stimulator 140 can be configured for use
with an orthosis configured to be disposed on a different
limb or limb segment of the patient’s body, such as the
patient’s upper leg or thigh, or the patient’s arm. For
example, the electric stimulator 140 can be configured for
use with an orthosis 505, shown and described herein with
respect to FIG. 47. In such embodiments, the electric stimu-
lator 140 can be configured to store information associated
with each FES orthosis (e.g., in the stimulator’s memory),
including one or more stimulation parameters associated
with each FES orthosis. In some embodiments, the electric
stimulator 140 includes a sensor or other mechanism con-
figured to detect to which orthosis the stimulator is coupled.
In some embodiments, the orthosis 105 includes an identi-
fication mechanism configured to be detected and/or read by
the stimulator 140 and by which the stimulator can deter-
mine to which orthosis the stimulator is coupled. In this
manner, the electric stimulator 140 can be configured to
select a stimulation program, or the like, based on the
detected orthosis. In some embodiments, the stimulator 140
is configured to determine whether it is programmed for use
with an orthosis. The stimulator 140 can be configured to
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prevent initiating an electrical current or stimulation signal
if the stimulator 140 determines that it is not programmed
for use with the orthosis. In some embodiment, the stimu-
lator 140 can be configured to provide an indicium that it has
determined that it is not programmed for use with the
orthosis. The indicium can be, for example, audible (e.g., a
beep, alarm or other audible signal), visual (e.g., a displayed
message, light, symbol, or the like), or tactile (e.g., a
vibration or the like), or any combination of the foregoing.
In some embodiments, the electric stimulator 140 is config-
ured 10 be in electrical communication with an electric
stimulator of another orthosis, as also described herein with
respect to FIG. 66.

[0103] As shown in FIG. 1, in some embodiments, the
electric stimulator 140 can be in communication with a
control device 160. The control device 160 can be any
suitable electronic device that can provide an interface for a
user (e.g., the patient and/or a health care professional) to
manipulate one or more characteristics and/or parameters
associated with the FES. For example, in some embodi-
ments, the control device 160 can be, for example, a
personal computer (PC), a personal digital assistant (PDA),
a smart phone, a laptop, a tablet PC, a server device, a
workstation, and/or the like. The electronic device can
include at least a memory (e.g., a random access memory
(RAM), a memory buffer, a hard drive, a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM), and/or the like); a processor (e.g., a general
purpose processor, a central processing unit (CPU), an
accelerated processing unit (APU), and Application Specific
Integrated Circuit (ASIC), and/or the like); a network inter-
face (e.g., a network interface card and/or the like that can
include at least an Ethernet port and/or a wireless radio (e.g.,
a WiFi® radio, a Bluetooth® radio, etc.)); and an output
device (e.g., a display such as a cathode ray tube (CRT)
monitor, a liquid crystal display (LCD) monitor, a light
emitting diode (LED) monitor, and/or the like, a Universal
Serial Bus (USB) drive, an ANT+ compatible device or
application, and/or any other suitable output device). In this
manner, the control device 160 can be in communication
with the electric stimulator 140 via the network interface and
the processor can be configured to run or execute a set of
instructions or code stored in the memory associated with
using, for example, a PC application, a mobile application,
an internet web browset, a cellular and/or wireless commu-
nication (via a network), and/or the like to communicate
with and/or otherwise control at least a portion of the electric
stimulator 140, as described herein with respect to specific
embodiments. In such embodiments, the electric stimulator
140 can be devoid of a user interface, such as a user interface
accessible via an outer surface of a housing of the stimulator,
thereby reducing manufacturing costs for the stimulator,
simplifying usage of the FES system 100, and also reducing
potential damage to the electrical circuit that may occur in
the event of moisture ingress via such a user interface.

[0104] FIGS. 4-22 are illustrations of portions of a system
1000 used, for example, in gait modulation according to an
embodiment. For example, in some instances, the system
1000 can be used by a human patient who has one or more
impaired limbs as a result of injury and/or disease (e.g.,
stroke, spinal cord injury, head injury, cerebral palsy, mul-
tiple sclerosis, etc.). More specifically, the system 100
includes a functional electrical stimulation (FES) orthosis
1050 (also referred to herein as “orthosis” and/or “device™)
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that is placed in physical and electrical contact with, for
example, a lower limb segment of an impaired leg (not
shown in these figures). In some embodiments, at least a
portion of the orthosis 1050 can be substantially similar in
form and/or function to those described in the 556 patent,
the 036 patent, the *110 patent, and/or the *340 application
incorporated by reference in their entireties above, or any
other orthosis shown and/or described herein (e.g., orthosis
105). As such, the patient and/or a health care professional
(e.g., doctor, nurse, technician, physician, physical therapist,
etc.) can engage the system 1000 in such a manner as to
cause the orthosis 1050 to selectively provide functional
electrical stimulation to a portion of a neuromuscular system
of the leg, which can, in turn, facilitate gait of the patient
who might otherwise experience, for example, drop foot or
the like, as described in further detail herein.

[0105] As shown in FIGS. 4-22, the orthosis 1050 includes
a frame assembly 1100, an electrode assembly 1200, and an
electric stimulator 1400. Although not shown in FIGS. 4-22,
the orthosis 1050 can also include and/or otherwise be
operably coupled to one or more sensors shown and
described herein.

[0106] The frame assembly 1100 is configured to be
removably coupled to a portion of a limb such that the
portion of the limb is substantially enveloped by the frame
assembly. The frame assembly 1100 of the orthosis 1050 can
have any suitable shape and/or size that can be, for example,
associated with a segment of the leg and includes at least a
portion that can be transitioned between a first (or open)
configuration and a second (or closed) configuration to
couple the frame assembly 1100 to the leg. In some embodi-
ments, the frame assembly 1100 can have a shape and size
that are associated with a portion of the lower leg (e.g.,
between the knee and the foot of the lower leg). As such, an
upper portion 1105 of the frame assembly 1100 can form an
ergonomic contour (e.g., a locator portion 1106) that can, for
example, substantially correspond with a shape of an infe-
rior border of a patella of a knee of the leg. A lower portion
1115 of the frame assembly 1100 can form an ergonomic
contour (e.g., a locator portion 1117) that can, for example,
substantially correspond with a shape of the tibial crest.
Moreover, the frame assembly 1100 can define an ergonomic
cross-sectional shape taken about a plane that is normal to a
longitudinal axis of the frame assembly 1100 (e.g., substan-
tially coaxial with an axis defined by the segment of the leg)
that corresponds to and/or otherwise is associated with a
shape of a tibial crest of the lower leg. The orthosis 1105
optionally includes a visual locator 1104 that is configured
to be aligned with a predetermined portion of the patient’s
anatomy (e.g., a center of the knee, the tibial crest, or the
like). In some embodiments, the frame assembly 1100 can
be substantially similar in form and/or function as those
described in the *556 patent, the 036 patent, the *110 patent,
and/or the 340 application, incorporated by reference
above, or any frame assembly described herein (e.g., frame
assembly 110).

[0107] As shown in FIGS. 4-16, the frame assembly 1100
includes a frame 1110 (also referred to herein as a “first
layer” or “inner structure”), a cradle 1130, a coupling
portion 1140, an inner layer 1160 (also referred to herein as
a “second layer”), and an outer layer 1170 (also referred to
herein as a “third layer” or “cover”). At least a portion of the
frame assembly 1100, such as the frame 1110, can be formed
from a semi-rigid material such as, for example, a relatively
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thin metal, a thermoplastic, a polymer, and/or the like. In this
manner, the frame 1110 can be sufficiently rigid to provide
structural support for the orthosis 1050, while being suffi-
ciently flexible to allow the limb about which the frame 1110
is disposed to increase or decrease during, for example,
muscle flexion or muscle relaxation, respectively.

[0108] As shown in FIGS. 9-13, the frame 1110 can be
substantially C-shaped such as to allow the frame 1110 to
expand and contract in response to the expansion and
contraction of the leg, respectively. Moreover, the arrange-
ment of the frame 1110 can be such that when the size of the
leg is reduced (e.g., after expansion due to muscle flexion),
the rigidity of the frame 1110 can be sufficient to transition
the frame 1110 to a size and shape associated with the
reduced size of the leg. Similarly stated, the frame 1110 can
be biased such that when an external force that expands the
frame 1110 to an expanded size is removed, the frame 1110
returns to an unexpanded size, smaller than the expanded
size. For example, the frame 1110 can include one or more
spring members (not shown) coupled to the frame 1110 and
configured to bias opposing ends of the frame 1110 towards
each other, as indicated by arrows A and B in FIG. 10, thus
reducing a cross-sectional area defined within the C-shaped
of the frame 1110. A first spring member can be coupled to
the frame 1110 at one or more upper spring connectors 1113
formed on an upper portion of the frame 1110, and a second
spring member can be coupled to the frame 1110 at one or
more lower spring connectors 1112, 1114 formed on a lower
portion of the frame 1110. Note that reference to “upper” and
“lower” in this section refer to respective positions when the
frame assembly 1100 is donned on the leg of a standing
patient. In the absence of such spring members, in use, the
opposing ends of the frame 1110 can tend to move away
from each other, as indicated by arrows C1 and C2 in FIG.
11.

[0109] In another example, the frame 1110 can be con-
structed of an inner portion 1116 and an outer portion 1118.
In this manner, at the manufacturing stage, the inner portion
1116 can be formed, and then the outer portion 1118 of the
frame 1110 can be over-molded or otherwise coupled to the
inner portion of the frame 1110. The inner portion 1116 of
the frame 1110 includes a plurality of retaining members
1120, 1122, 1124, 1126, each of which is inwardly biased
towards the interior volume defined by the C-shaped frame
1110. Although the inner portion 1116 is shown and
described as included four retaining members 1120, 1122,
1124, 1126, in other embodiments, any suitable number of
retaining members may be included in the inner portion of
the frame (e.g., one, two, three, five, or more).

[0110] Thus, this arrangement enables the frame assembly
1100 to substantially envelop the portion of the leg, and
serves to effectively disperse a pressure and/or strain that
would otherwise be exerted on the portion of the leg, thereby
retaining the natural profile and geometry of the leg tissue
and/or muscles when coupled thereto. In some embodi-
ments, at least a portion of the frame 1110, such as one or
more portions of the inner portion 1116 of the frame, can
define a plurality of openings 1128 configured to allow
airflow through the frame, as shown in FIG. 10, and thus
enhance patient comfort. In some embodiments, the frame
1110 can be substantially similar in form and/or function as
a central frame or inner structure described in the 556
patent, the *036 patent, the *110 patent, and/or the *340
application, incorporated by reference above.
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[0111] The inner layer 1160 (see, e.g., FIGS. 6 and 15) of
the frame assembly 1100 is configured to substantially cover
an inner surface of the frame 1110. The inner layer 1160 can
be formed from any suitable material and/or combination of
materials. For example, in some embodiments, the inner
layer 1160 can be formed from a relatively flexible and/or
soft material that can elastically deform when exposed to an
external force. At least a portion of the inner layer 1160 can
be formed from a brushed fabric, a hook and/or loop
material, or the like, such as those offered commercially by
Nam Liong Enterprise Co., Ltd. In this manner, the inner
layer 1160 can be configured to help retain the electrode
assembly 1200 to the frame assembly 1100. More specifi-
cally, at least a portion of the inner layer 1160 can include
a hook and/or loop material configured to engage with and
couple to a complementary material (e.g., the other of the
hook and/or loop material) on an electrode base (not shown).
Also in this manner, the inner layer 1160 can enhance the
ergonomics (e.g., comfort) of the frame assembly 1100 by
forming a relatively flexible and/or soft layer that is placed
in contact with the patient. In some embodiments, at least a
portion of the inner layer 1160, such as a portion of the inner
layer 1160 defining openings 1162, 1164, 1166, 1168, is
formed of a polypropylene material.

[0112] The outer layer 1170 of the frame assembly 1100
can be configured to be disposed on an outer surface of the
frame 1110. Referring to FIG. 16, the outer layer 1170
defines an opening 1172 (shown in dashed lines in FI1G. 16)
configured to be disposed about at least a portion of the
cradle 1130. The outer layer 1170 can be formed from any
suitable material and/or combination of materials. In some
embodiments, the outer layer 1170 can be formed from a
relatively flexible and/or soft material that can elastically
deform when exposed to an external force. For example, the
outer layer 1170 can be formed, at least in part, from elastane
or spandex (such as Lycra®) or any other suitable material.
In this manner, the outer layer 1170 can enhance the ergo-
nomics (e.g., comfort) of the frame assembly 1100 by
forming a relatively flexible and/or soft layer that may
contact with the patient. In some embodiments, the outer
layer 1170 includes a membrane 1174 extended from an
inner surface of the outer layer 1170 and configured to be
inserted between portions of the frame 1110 such that the
membrane 1174 is disposed on an inner surface of a base
plate 1134 of the frame 1110. The membrane 1174 can be
configured, for example, to help limit the ingress of moisture
(e.g., water, sweat, or the like) into the frame assembly 1100
that may enter through an opening of the cradle 1130.

[0113] The inner layer 1160 and the outer layer 1170 can
be coupled to the frame in any suitable manner. In some
embodiments, for example, at least one of the inner layer
1160 and the outer layer 1170 is welded to the frame 1110.
As shown in FIG. 17A, the inner layer 1160 and outer layer
1170 can each abut a shoulder portion 1107, 1109, respec-
tively, formed by an edge of the frame 1110 and be welded
at regions 1161, 1171, respectively, to the frame 1110. As
also shown in FIG. 17A, in some embodiments, the frame
assembly 1100 includes a layer of padding 1108 disposed
between at least a portion of the outer layer 1170 and the
frame 1110. In some embodiments, such padding 1108 can
be integrally formed with the outer layer 1170. In another
example, as shown in FIG. 17B, in some embodiments, an
edge of the frame 1110 defines an inner channel 1107' and an
outer channel 1109'. Edges 1161', 1171' of the inner layer
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1160 and the outer layer 1170, respectively, are disposed in
the channels 1107', 1109', respectively, and are welded to the
frame 1110. In other embodiments, at least one of the inner
layer 1160 and the outer layer 1170 can be, for example,
over-molded about portions of the frame 1110. In still other
embodiments, at least one of the inner layer 1160 and the
outer layer 1170 can be removably disposed about or
coupled to the frame 1110.

[0114] In some embodiments, as shown in FIGS. 18A-
18B, the frame assembly 1100 includes a removable layer or
panel 1180 that is removably coupleable to an inner surface
(e.g., the inner layer 1160) of the frame assembly. The panel
1180 can, for example, provide a hygienic barrier between
the frame assembly 1100 and the patient’s body during use,
thus facilitating the frame assembly 1100 to be shared
between or used on multiple patients or users in a more
sanitary manner. The removable panel 1180 includes a first
side 1182, at least a portion of which is configured to be in
contact with at least a portion of an inner surface (e.g., the
inner layer 1160) of the frame assembly 1100. The panel
1180 includes a second side 1184, opposite the first side
1182, at least a portion of which is configured to be in
contact with the limb segment. The panel 1180 can be
removably coupled to the frame assembly 1100 in any
suitable manner, including, but not limited to, a hook and
loop fastener, a clip, a snap connector, a magnet, a protrusion
and receiving sleeve or recess combination, or any other
suitable fastening mechanism, or combination thereof. For
example, in some embodiments, the first side 1182 of the
removable panel 1180 includes at least a portion of a hook
and loop fastener configured to removably couple to a
complementary portion of the hook and loop fastener dis-
posed on an inner surface (e.g., the inner layer 1160) of the
frame assembly 1100. In another example, the first side 1182
of the removable panel 1180 includes a strap 1183 (see, e.g.,
FIG. 18B) connected at each end to the panel 1180 and that
is configured to receive therethrough a portion of frame
assembly 1100 (e.g., of the inner layer 1160) to removably
couple the panel 1180 to the frame assembly 1100.

[0115] The removable panel 1180 can have a perimeter
profile that is substantially similar to the perimeter profile of
the inner surface (e.g., the inner layer 1160) of the frame
assembly 1100, including, for example, contoured portions
corresponding to the locator portions of the frame assembly.
In this manner, the panel 1180 can substantially prevent
direct contact between the inner layer 1160 of the frame
assembly 1100 and the limb segment during use. Also in this
manner, in some embodiments, substantially no portion of
the panel 1180 extends beyond the perimeter profile of the
frame assembly 1100 (e.g., of the inner layer 1160 of the
frame assembly).

[0116] The removable panel 1180 defines a set of connec-
tor openings 1186 through which at least a portion of the
electrode assembly 1200 can be disposed. For example, one
or more wires 1240, 1242, 1244, 1246 of the electrode
assembly 1200 can each be disposed through a respective
opening of the set of connector openings 1186 to electrically
couple the electrode assembly 1200 to the electric stimulator
1400. The set of openings 1186 can include one, two, three,
four (as shown in FIGS. 18A-18B), five, six, or more
connector openings. Although the openings 1186 are shown
as being substantially circular in shape, in other embodi-
ments, the openings can be any suitable shape or dimension.
In some embodiments, a polypropylene layer 1187 is cir-
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cumferentially disposed about one or more openings of the
set of openings 1186 on the first side 1182 of the panel 1180.
Although the polypropylene layer 1187 is shown and
described as circumscribing an entirety of the circumference
of the opening 1186, in some embodiments, the polypropyl-
ene layer is circumferentially disposed about a portion of the
opening. In some embodiments, the polypropylene layer
1187 or a layer of another suitable material is disposed
around each opening in the set of openings 1186, or only a
portion of the openings in the set of openings.

[0117] In some embodiments, a fastener 1188 (or portion
thereof) is circumferentially disposed about one or more
openings of the set of openings 1186 on the second side 1184
of the panel 1180. For example, as shown in FIG. 18A, at
least a portion of a hook and loop fastener (e.g., such as that
commercially marketed as Velcro®) is circumferentially
disposed about one or more openings 1186. Although the
fastener 1188 is shown and described as circumscribing an
entirety of the circumference of the opening 1186, in some
embodiments, the fastener is circumferentially disposed
about a portion of the opening 1186. In this manner, the
fastener is configured to couple at least a portion of the
electrode assembly 1200 (e.g., an electrode base of the
electrode assembly) to the panel 1180, and thus to the frame
assembly 1100.

[0118] The cradle 1130 of the frame assembly 1100 is
disposed on the frame 1110 to define a receiving portion
1132 (see, e.g., FIG. 14) on or within which the electric
stimulator 1400 (e.g., a housing of the electric stimulator)
can be at least partially disposed. The base plate 1134 (see,
e.g., FIG. 13) defined by the frame 1110 can be coupled to,
and provide support for, the cradle 1130 coupled thereto.
The base plate 1134 can include openings 1136, 1137
through which the electrodes can be coupled to the stimu-
lator 1400 (e.g., via one or more wires or connectors). The
cradle 1130 includes a rear wall 1135 and one or more walls
1138 extended from the rear wall (e.g., from a perimeter or
portion thereof of the rear wall). The receiving portion 1132
is defined by the rear wall 1135 and the one or more walls
1138 extended from the rear wall. In some embodiments, as
shown in FIG. 14, at least one wall 1138 can define a cut-out
or recess 1139 configured to facilitate gripping of the
stimulator 1400 by the user, for example, during removal of
the stimulator 1400 from the cradle 1130. As shown, the wall
1138 defines a recess 1139 at opposing ends (e.g., the top and
bottom) of the cradle 1130, however, in other embodiments,
the wall can define a single recess (e.g., disposed at a top,
bottom, or side of the cradle) or two or more recesses at
different locations of the wall (e.g., at opposing side portions
of the wall extending between the top and bottom of the
cradle).

[0119] The cradle 1130 can include any suitable surface
finish, protrusion, detent, etc. that can act to at least tempo-
rarily retain the electric stimulator 1400 within or with
respect to the set of walls forming the cradle 1130. For
example, in some embodiments, the cradle 1130 can form
and/or define a set of detents that can matingly receive a set
of corresponding protrusions extending from an outer sur-
face of the electric stimulator 1400 when therein (or vice
versa). In some embodiments, the stimulator can be coupled
to and retained by the cradle using single or multiple snap-fit
connectors. In other embodiments, an inner surface of the
cradle 1130 can have a finish and/or can be formed from a
material with a relatively high coeflicient of friction. Thus,
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when the electric stimulator 1400 is disposed on the cradle
1130, an outer surface of the electric stimulator 1400 and an
inner surface of the cradle 1130 can form and/or define a
friction fit that can at least temporarily retain the electric
stimulator 1400 in the cradle 1130.

[0120] As shown in FIG. 14, the cradle 1130 includes
and/or forms a set of connectors 1131 via which the orthosis
1050, and more specifically connectors (not shown) of the
electrode assembly 1200 (or a connection assembly), can be
electrically coupled to corresponding connectors (not
shown) of the electric stimulator 1400. Therefore, when the
electric stimulator 1400 is positioned on the cradle 1130, the
electric stimulator 1400 is placed in electrical communica-
tion with the electrode assembly 1200, as described in
further detail herein.

[0121] The coupling portion 1140 of the frame assembly
1100 can be transitioned between a first (e.g., open) con-
figuration and a second (e.g., closed) configuration (e.g., as
shown in FIG. 6) to reversibly couple the frame assembly
1100 to the leg. Said another way, the frame assembly 1100
can be positioned about a portion of the leg and the coupling
portion 1140 can be transitioned to the second configuration
to removably couple (i.e., at least temporarily couple) the
frame assembly 1100 to the leg. The coupling portion 1140
includes substantially parallel, modular straps 1142, 1144
(e.g., elastic straps, inelastic straps, and/or straps including
one or more elastic portions and one or more inelastic
portions) connecting between the frame assembly 1100 and
a handle 1150. The handle 150 is coupled at an end portion
of each strap 1142, 1144 (see, e.g., FIG. 6), and an opposing
end of each strap 1142, 1144, respectively, is coupled to the
frame assembly 1100 (see, e.g., FIGS. 4 and 5). The arrange-
ment of the coupling portion 1140 is such that during
donning, the straps 1142, 1144 wrap circumferentially
around a portion of the limb segment (e.g., the leg), to
securely couple the orthosis 1050 to the limb segment. In
some embodiments, the handle 1150 can form and/or pro-
vide a structure that can facilitate the engagement of the
coupling portion 1140. For example, the handle 1150 can
define an opening shaped to be disposed about the stimulator
1400 (e.g., the housing of the stimulator), when the stimu-
lator is coupled to the frame assembly 1100, as shown in
FIGS. 5 and 6, and/or disposed about a portion of the cradle
1130, as shown in FIG. 14. In some embodiments, the handle
can facilitate the engagement and/or manipulation of the
coupling portion 1140 by a patient who may have impair-
ment in one or both hands. For example, as shown in FIG.
14, a portion 1152 of the handle can be contoured (e.g.,
between a top portion of the handle and a bottom portion of
the handle) such that an opening 1154 is defined between the
handle 1150 and the cradle 1130 when the handle 1150 is
coupled about the cradle 1130. The opening 1154 is config-
ured to facilitate gripping of the handle 1150 (e.g., by a
finger of the user) during coupling and or decoupling of the
handle 1150 from about the cradle 1130 and/or the stimu-
lator 1400.

[0122] The frame assembly 1100 includes electrode con-
nectors configured to engage a portion of the electrode
assembly 1200. The electrode connectors are configured to
mechanically couple one or more electrodes to the frame
assembly 1100, and to electrically couple one or more
electrodes to the electric stimulator 1400, as described
herein. In the embodiment shown in FIG. 6, the frame
assembly 1100 includes four electrode connectors 1230,
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1232, 1234, 1236. As described herein, in some embodi-
ments, two electrodes 1230, 1234 are associated with a first
stimulation channel, and two electrodes 1232, 1236 are
associated with a second stimulation channel. Each elec-
trode connector 1230, 1232, 1234, 1236 is coupled to, and
optionally at least partially disposed within or extended
through, an opening 1162, 1164, 1166, 1168, respectively, of
the inner layer 1160 of the frame assembly 1100, such that
the electrode connectors 1230, 1232, 1234, 1236 are acces-
sible via an inner surface of the frame assembly 1100. The
openings 1162, 1164, 1166, 1168 of the inner layer 1160
correspond to openings 1121, 1123, 1125, 1127 defined by
the frame 1110 (see, e.g., FIG. 7) when the inner layer 1160
is coupled to the frame 1110, thus at least a portion of the
electrode connectors 1230, 1232, 1234, 1236 can be dis-
posed within or extended through the openings 1121, 1123,
1125, 1127 defined by the frame 1110.

[0123] In some embodiments, as described herein, at least
one electrode connector 1230, 1232, 1234, 1236 is config-
ured to be unused (e.g., not coupled to an electrode) when
the electrode assembly 1200 is coupled to the frame assem-
bly 1100. The unused electrode connector(s) 1230, 1232,
1234, 1236 can optionally have one or more connector
covers disposed thereon to prevent the inadvertent flow of
electrical current therefrom during FES. For example, as
shown in FIG. 6A, a connector cover 1270 according to an
embodiment is configured to be removably coupled to an
unused electrode connector (e.g., electrode connectors 1230,
1232, 1234, 1236). The connector cover 1270 includes an
outer layer 1272, an inner layer 1274, an outer snap portion
1276, and an inner snap portion 1278. At least one of the
outer layer 1272 of the cover 1270 and the inner layer 1274
of the cover 1270 is formed from a non-conductive material.
At least one of the outer layer 1272 of the cover 1270 and
the inner layer 1274 of the cover 1270 has a sufficient size
and shape to wholly cover at least one of the openings 1162,
1164, 1166, 1168 of the inner layer 1160 of the frame
assembly 1100. The outer snap portion 1276 is at least
partially disposed between the outer and inner layers 1272,
1274 and includes a protrusion that extends through an
opening 1275 of the inner layer 1274. The outer snap portion
1276 is configured to matingly engage the inner snap
portion. The inner snap portion 1278 is configured to snap-fit
with at least one of the electrode connectors (e.g., electrode
connectors 1230, 1232, 1234, 1236). In use, the connector
cover 1270 is coupled to an unused connector to prevent the
inadvertent flow of electrical current from the unused con-
nector during FES. In other embodiments, however, the
connector cover can be differently configured (e.g., to
include a single non-conductive layer) and/or be configured
to couple to the frame assembly 1100 and/or one or more of
the electrode connectors 1230, 1232, 1234, 1236 in a dif-
ferent manner.

[0124] In some embodiments, as shown in FIG. 15, wires
1240, 1242, 1244, 1246 substantially extend between the
electrode connectors 1230, 1232, 1234, 1236, respectively,
and the electric stimulator 1400 (or one or more connectors
of the frame assembly 1100 configured to be electrically
coupled to the electric stimulator, such as via the openings
1136, 1137 of the base plate 1134 of the inner portion 1116
of the frame and/or via the set of connectors 1131 of the
cradle 1130) and are configured to electrically couple the
electric stimulator 1400 to the electrode assembly 1200.
More specifically, in some embodiments, wires 1240, 1244
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can be configured to electrically couple two electrode con-
nectors 1230, 1234 to the electric stimulator 1400 via a first
connector (not shown, e.g., through one of the cradle con-
nector openings), thereby forming at least a portion of a first
electrical stimulation channel, and wires 1242, 1246 can be
configured to electrically couple the other two electrode
connectors 1232, 1236 to the electric stimulator 1400 via a
second connector (not shown, e.g., through the other of the
cradle connector openings), thereby forming at least a por-
tion of a second electrical stimulation channel. This arrange-
ment facilitates dual-channel functional electrical stimula-
tion by the system 1000, as described in further detail herein.

[0125] The electrode connectors 1230, 1232, 1234, 1236
can be any suitable shape, size, or configuration. As shown,
the electrode connectors 1230, 1232, 1234, 1236 are in the
form of snap connectors. In other embodiments, the elec-
trode connectors can form a button, a detent, a protrusion,
one half of a hook-and-loop coupler (i.e., Velcro®), and/or
the like. As such, the electrode connectors 1230, 1232, 1234,
1236 can each be matingly placed in contact with a corre-
sponding portion of an electrode included in the electrode
assembly 1200 to at least temporarily retain the electrodes in
a substantially fixed position relative to the frame assembly
1100. In some embodiments, the position of the electrode
connectors 1230, 1232, 1234, 1236, and hence the electrodes
coupled thereto, can be associated with a target portion of
the neuromuscular system of the leg such as, for example,
the peroneal nerve and/or the tibial nerve. Thus, when the
electric stimulator 1400 is coupled to the frame assembly
1100, the first and second connectors of the frame assembly
1100 and corresponding connectors of the electrode assem-
bly 1200 electrically couple the electric stimulator 1400 to
the electrodes 221 such that at least two channels of elec-
trical current can flow from the electric stimulator 1400 and
through the electrodes 221 to provide functional electrical
stimulation to the portion of the neuromuscular system of
the leg, as described in further detail herein.

[0126] Although the frame assembly 1100 is shown and
described herein as including an at least semi-rigid frame
1110, in other embodiments, the frame assembly 1100 can be
devoid of such a frame 1110. For example, in some embodi-
ments, the frame assembly 1100 can include only the inner
layer 1160, only the outer layer 1170, only the inner layer
1160 and the outer layer 1170, or any combination of the
inner layer 1160, outer layer 1170 and/or a different soft
and/or flexible layer or cuff. For example, in such embodi-
ments, the cradle 1130 can be coupled to and/or supported
at least in part by the inner layer 1160, the outer layer 1170,
the different soft and/or flexible layer or cuff, or any com-
bination of the foregoing. In another example, in such
embodiments, the electric stimulator 1400 is not supported
by the frame assembly 1100 of the orthosis 1050, as
described herein, but rather can be electronically (and,
optionally, mechanically) coupled to the electrodes of the
orthosis 1050 by only a cable or wire, or any suitable
electrical (and/or mechanical) connection.

[0127] As discussed above, the electrode assembly 1200 is
removably coupled to the frame assembly 1100. The elec-
trode assembly 1200 can include electrodes in any suitable
configuration, and can be substantially similar in form and
function to electrode assembly 120 described herein. Each
electrode can be engaged by the system 1000, and the
electric stimulator 1400 particularly, to promote desired
movement of the limb, such as dorsiflexion, plantarflexion,
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inversion, and/or eversion of the foot. Selective electrode
activation and selective flow of electrical current via one or
more channels through the neuromuscular system of the
limb via the electrodes affects the flow of the electrical
current through the portion of the neuromuscular system of
the limb to facilitate steering the electrical current there-
through.

[0128] As shown in FIG. 21, the electrode assembly 1200
includes four electrodes or electrode regions (referred to
generally herein as “electrodes™) 1210, 1212, 1214, 1216.
The electrodes 1210, 1212, 1214, 1216 can be formed on,
disposed on, or otherwise coupled to a first surface 1204 of
a panel 1202. The panel 1202 can be coupled to an inner
surface of the frame assembly 1100 (e.g., the inner layer
1160) using any suitable coupling mechanism, such as one
or more mechanical fasteners (e.g., snaps, hook-and-loop, or
the like), or combination thereof. In the embodiment shown
in FIG. 21, the panel 1202 is configured to be coupled to the
frame assembly 1100 via complementary male connectors
(not shown) extended from a second surface (not shown) of
the panel 1202 and configured to be coupled (or snapped) to
the connectors 1230, 1232, 1234, 1236 of the frame assem-
bly 1100. In particular, each complementary male connector
of the electrode assembly is associated with a respective
electrode 1210, 1212, 1214, 1216, thus when the electrode
assembly 1200 is coupled to the frame assembly 1100, each
electrode 1210, 1212, 1214, 1216 is associated with a
respective connector 1230, 1232, 1234, 1236 of the frame
assembly 1100, and, optionally, a respective wire 1240,
1242, 1244, 1246 of the frame assembly, and thus forms a
portion of one of the first or second electrical stimulation
channels (described above). More particularly, two elec-
trodes (e.g., electrodes 1210, 1214) can form a portion of the
first stimulation channel, and two electrodes (e.g., electrodes
1212, 1216) can form a portion of the second stimulation
channel. The first stimulation channel can be characterized
as a medial stimulation channel, and the second stimulation
channel can be characterized as a lateral stimulation channel,
or vice versa. In this manner, the electrode assembly 1200 is
configured for dual-channel function electrical stimulation
of a portion of the neuromuscular system of the limb.

[0129] The panel 1202 can be constructed of a flexible
material to facilitate placement of the electrodes 1210, 1212,
1214, 1216 on the skin of the patient when the orthosis 1050
is donned. In some embodiments, the panel is formed of a
non-conductive material. As shown, the panel 1202 includes
a non-conductive region 1208 separating each electrode
1210, 1212, 1214, 1216 from the other electrodes. In some
embodiments, the panel 1202 includes a conductive layer
(e.g., formed of foil, mesh, or the like, or any combination
thereof).

[0130] The position of each electrode 1210, 1212, 1214,
1216 with respect to the panel 1202 can be fixed. In other
words, the electrodes 1210, 1212, 1214, 1216 can be fixedly
coupled to the panel 1202, thereby facilitating repeatable
placement of the electrodes with respect to the frame assem-
bly 1100 when the electrode assembly 1200 is coupled to the
frame assembly. As described herein, current steering is
provided by the application of stimulation via multiple
channels from the electric stimulator 1400 via the electrode
assembly 1200 to the neuromuscular tissue, and thus it is not
necessary for the electrodes of the electrode assembly 1200
to be movable to achieve a desired stimulation of the tissue.
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[0131] The electrodes can be positioned with respect to the
panel such that, when the panel is coupled to the frame
assembly 1100 and donned on the limb, the electrodes are
disposed over or proximate to a target portion of the neu-
romuscular system of the limb. For example, electrodes
1210, 1212 can each be cathodic electrodes positioned on
the panel 1202 such that, in use, the cathodic electrodes
provide or facilitate steering of electrical stimulation at least
to a target nerve (e.g., the tibial nerve or the peroneal nerve
for the lower leg, or the sciatic or femoral nerves for the
upper leg or thigh) of the neuromuscular system of the limb.
In another example, electrodes 1214, 1216 can each be
anodic electrodes positioned on the panel 1202 such that, in
use, the anodic electrodes provide or facilitate steering of
electrical stimulation at least to a target muscle of the
neuromuscular system of the limb. The target muscle can
include, for example, the tibialis anterior, extensor hallucis
longus, extensor digitorum longus and/or fibularis tertius
(e.g., for dorsiflexion). The target muscle can include, for
example, the gastrocnemius medial head, gastrocnemius
lateral head, soleus, plantaris, tibialis posterior, flexor hal-
lucis longus, flexor digitorum longus, fibularis longus, and/
or fibularis brevis (e.g., for plantarflexion).

[0132] As shown in FIG. 21, the electrodes 1210, 1212,
1214, 1216 are substantially arranged in each of four quad-
rants of the panel 1202. In some embodiments, electrodes
1210, 1212 are each cathodic electrodes and electrodes
1214, 1216 are each anodic electrodes, and the electrodes
are positioned with respect to the panel 1202 such that the
cathodic electrodes are disposed above the anodic electrodes
(e.g., each cathodic electrode is vertically disposed over a
respective anodic electrode) when the electrode assembly
1200 is coupled to the frame assembly 1100 and the frame
assembly is donned on the limb of a standing patient (or such
that the cathodic electrodes are disposed between the anodic
electrodes and the torso of the patient when the orthosis
1050 is donned). In other embodiments, however, the elec-
trodes, and the distribution of cathodic electrodes and anodic
electrodes in particular, can be differently arranged or con-
figured, as described herein.

[0133] Although the electrode assembly 1200 is shown
and described with respect to FIG. 21 as including four
electrodes, in some embodiments, the electrode assembly
includes a different number of electrodes. For example, as
shown in FIG. 22, in some embodiments, an electrode
assembly 1201 includes three electrodes (or electrode
regions) 1220, 1222, 1224 formed on, disposed on, or
otherwise coupled to a panel 1226. The electrode assembly
1201 is configured for use with the frame assembly 1100,
and is configured to be coupled to the frame assembly 1100
in a similar manner as described herein with respect to
electrode assembly 1200. The electrodes 1220, 1222, 1224
can be arranged with respect to the panel 1226 in any
suitable manner, such as that described herein with respect
to electrode assembly 1200. The electrode assembly 1201
includes connectors (e.g., male snap-fit connectors) disposed
on a side of the panel opposite the electrodes 1220, 1222,
1224 that are configured to couple the electrode assembly to
the frame assembly 1110 and to electrically couple the
electrodes 1220, 1222, 1224 to the stimulator 1400. For
example, a male complementary connector 1221 (shown in
dashed lines in FIG. 22) is associated with electrode 1220
and is configured to be coupled to electrode connector 1230
of the frame assembly 1110 and a male complementary
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connector 1223 (shown in dashed lines in FIG. 22) is
associated with electrode 1222 and is configured to be
coupled to electrode connector 1232 of the frame assembly
1110. Electrode 1224 can include or be associated with two
male complementary connectors 1225, 1227 (shown in
dashed lines in FIG. 22) that are configured to be coupled to
electrode connectors 1234, 1236, respectively, of the frame
assembly 1110. As such, the electrode 1224 can form a part
of each of the first and second stimulation channels. In this
mannet, the electrode 1224 can be “common” to each of the
first and second stimulation channels. As shown, the “com-
mon” electrode 1224 has a conductive surface area config-
ured to contact the patient’s skin that is larger than the
conductive surface area of one or more of the other elec-
trodes 1220, 1222. More specifically, as shown, electrode
1224 has a conductive surface area configured to contact the
patient’s skin that is equal to or greater than the conductive
surface areas of the other electrodes 1220, 1222 combined.

[0134] More specifically, in some embodiments, two elec-
trodes 1220, 1222 are cathodic electrodes and one electrode
1224 is an anodic electrode. In use, the cathodic electrodes
1220, 1222 are disposed vertically above the anodic elec-
trode 1224, as described above with respect to electrode
assembly 1200. The first cathodic electrode 1220 and the
anodic electrode 1224 can form a portion of a first stimu-
lation channel, as described above with respect to system
1000. The second cathodic electrode 1222 and the anodic
electrode 1224 can form a portion of a second stimulation
channel, as described above with respect to system 1000. In
this manner, the anodic electrode 1224 can be “common” to
each of the first and second stimulation channels. As shown,
the anodic electrode 1224 has a conductive surface area that
is equal to or greater than the combined conductive surface
areas of the cathodic electrodes 1220, 1222.

[0135] In another example, as shown in FIG. 23, an
electrode assembly 1203 according to an embodiment
includes a panel 1231 and six electrodes (or electrode
regions) 1230, 1232, 1233, 1234, 1236, 1235 arranged
thereon. A non-conductive region 1238 of the panel 1231 is
disposed between each of the electrodes. Electrodes 1230,
1232 and electrodes 1234, 1236 can be substantially similar
in form and/or function to electrodes 1210, 1212 and elec-
trodes 1214, 1216, respectively, and thus are not described
in detail here. For example, electrodes 1230, 1232 and
electrodes 1234, 1236 can be cathodic electrodes and anodic
electrodes, respectively, configured to form a portion of first
and second stimulation channels, as described above with
respect to electrode assembly 1200. Electrodes 1233, 1235
each are associated with a connector configured to be
electrically coupled to the electric stimulator 1400 via a
frame assembly (not shown in FIG. 23), substantially similar
to frame assembly 1100, that includes corresponding con-
nectors for each electrode (e.g., six connectors in total) on an
inner surface thereof. Electrodes 1233, 1235 are configured
to form a portion of a third stimulation channel in electrical
communication with the electric stimulator 1400 via the
frame assembly.

[0136] Although the electrode assembly 1203 is shown
and described as including six electrodes 1230, 1232, 1233,
1234, 1236, 1235 disposed on a single panel 1231, in
another embodiment, an electrode assembly 1205 includes
five or six electrodes distributed on two panels. More
specifically, in the embodiment shown in FIG. 24, four
electrodes (or electrode regions) 1240, 1242, 1244, 1246 are
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disposed on a first panel 1241 that includes a non-conductive
region 1248 between the electrodes. The first panel 1241 and
respective electrodes 1240, 1242, 1244, 1246 can be sub-
stantially similar, or identical, in form and function to
electrode assembly 1200, and thus are not described in detail
herein. In other embodiments, however, the first panel can be
substantially similar to the panel of the electrode assembly
1201 shown and described herein with respect to FIG. 22.
Referring again to FIG. 24, the electrode assembly can
include a second panel 1247 includes two electrodes (or
electrode regions) 1243, 1245, which are configured to form
a portion of a third stimulation channel in a similar manner
as that described above with respect to electrodes 1233,
1235. In some embodiments, the second panel 1247 is
configured to be coupled to the frame assembly 1100 such
that the second panel 1247 is disposed adjacent a portion of
the limb segment that is opposite the portion of the limb
segment adjacent the first panel 1241, when the orthosis
1050 is donned.

[0137] Although the electrode assembly 1200 is shown
and described herein as including the panel 1202 with a
plurality of electrodes (e.g., electrodes 1210, 1212, 1214,
1216) fixedly coupled thereto, in some embodiments, the
electrode assembly can include one, two, three, four or more
electrodes configured to be coupled to the frame assembly
1100 in a different manner. For example, in some embodi-
ments, the electrode assembly 1200 can include one or more
conventional electrodes (e.g., a hydrogel electrode, a small
cloth electrode, or the like).

[0138] As shown in FIGS. 19A-19B, an electrode assem-
bly 2250 can include a set of gel electrodes 2252, which each
electrode of the set having a first side 2254 and a second side
2256 opposite the first side. The first side 2254 of the
electrode 2252 includes a gel (e.g., hydrogel) and is con-
figured to be placed in contact with a skin of the patient’s
limb. The second side 2256 of the electrode 2252 includes
a connector 2257 configured to place the electrode in
electrical communication with the stimulator 1400. The
electrode 2252 can optionally be configured to be in contact
with and/or received at least partially by an electrode base,
such as electrode base 1250 shown and described herein
with respect to FIGS. 19C-19D, to couple the electrode 2262
to the frame assembly 1100. In other embodiments, the
electrode 2252 (or electrode assembly 2250) can be coupled
to the frame assembly 1100 in a different manner.

[0139] In another example, as shown in FIGS. 20A-20B,
an electrode assembly 2260 can include a set of cloth
electrodes 2262, which each electrode of the set having a
first side 2264 and a second side 2266 opposite the first side.
The first side 2264 of the electrode 2262 includes a cloth and
is configured to be placed in contact with a skin of the
patient’s limb. In use, the cloth may be wetted before being
placed in contact with the patient’s skin to facilitate trans-
mission of a stimulation current therethrough. The second
side 2266 of the electrode 2262 includes a connector 2267
configured to place the electrode in electrical communica-
tion with the stimulator 1400. The electrode 2262 can
optionally be configured to be in contact with and/or
received at least partially by an electrode base, such as
electrode base 1260 shown and described herein with
respect to FIGS. 19C-19D, to couple the electrode 2262 to
the frame assembly 1100. In other embodiments, the elec-
trode 2262 (or electrode assembly 2260) can be coupled to
the frame assembly 1100 in a different manner.
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[0140] The one or more conventional electrodes can be
used with the orthosis 1050 in addition to or instead of the
panel 1202 including the plurality of fixedly coupled elec-
trodes 1210, 1212, 1214, 1214. Such one or more conven-
tional electrodes can be coupled to the frame assembly 1100
in any suitable manner. For example, as shown in FIGS.
19C-19D, an electrode assembly according to an embodi-
ment can include an electrode base 1250 coupled via a wire
1252 (or other suitably circuitry) to a snap connector 1254.
The snap connector 1254 is configured to mechanically and
electrically couple the electrode base 1250 to one of the
connectors 1230, 1232, 1234, 1236 of the frame assembly
1100. The wire 1252 between the snap connector 1254 and
the electrode base 1250 can be flexible, and thus can permit
selective positioning of the base 1250 with respect to the
inner layer 1160 of the frame assembly 1100. The electrode
base 1250 is configured to be coupled to or otherwise
engaged with, for example, a hydrogel electrode.

[0141] In another example, as shown in FIGS. 20C-20D,
an electrode assembly according to an embodiment can
include an electrode base 1260 coupled via a wire 1262 (or
other suitably circuitry) to a snap connector 1264. The snap
connector 1264 is configured to mechanically and electri-
cally couple the electrode base 1260 to one of the connectors
1230, 1232, 1234, 1236 of the frame assembly 1100. The
wire 1262 between the snap connector 1264 and the elec-
trode base 1260 can be flexible, and thus permits selective
positioning of the base 1260 with respect to the inner layer
1160 of the frame assembly 1100. As shown in FIG. 20B, at
least a portion of the wire 1262 can be disposed within the
electrode base 1260. The electrode base 1260 is configured
to be coupled to or otherwise engaged with, for example, a
soft cloth electrode.

[0142] Although the electrode assemblies (e.g., electrode
assembly 1200) have been shown and described herein as
including a panel (e.g., panel 1202) with a plurality of
electrodes (e.g., electrodes 1210, 1212, 1214, 1216) fixedly
coupled thereto, in some embodiments, one or more elec-
trodes can be removably couplable to the panel. For
example, the electrode(s) can be coupled to the panel via a
hook and loop fastener, a removable adhesive, or the like.
The electrode assembly can include a flexible wire or other
suitable flexible electrical extension with one end attached to
the electrode and the opposite end electrically coupled to the
connector via the panel. The flexible wire is configured to
permit a range of movement of the electrode with respect to
the panel. In this manner, the electrode can be selectively
positioned on the side of the panel facing the limb segment
in one of multiple different positions.

[0143] Although the electrode assembly 1200, and elec-
trodes more generally, have been shown and described
herein as being removably coupled to an inner surface of the
frame assembly 1100, in some embodiments, at least one of
the electrode assembly 1200 or an electrode is disposed on
or otherwise coupled to the patient’s body independently of
the frame assembly 1100. For example, in some embodi-
ments, one, two, three, four or more electrodes, which can
be coupled to the electric stimulator 1400 via a cable or wire,
are coupled directly to the patient’s body (e.g., skin) without
the use of the frame assembly 1100. Such electrodes and
electric stimulator 1400 can be collectively configured to
apply stimulation in any suitable manner, including any one
or more of the stimulation patterns described herein.
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[0144] The electric stimulator 1400 of the orthosis 1050 is
configured to apply functional electrical stimulation to the
patient’s body, and can include any suitable combination of
hardware and software. The electric stimulator 1400 can be
substantially similar in form and/or function to the electric
stimulator 140 described herein. For example, the electric
stimulator 140 can be an electronic device that includes one
or more electrical circuits operable in providing a flow of
electrical current to at least a portion of the neuromuscular
system of the limb. More specifically, the electric stimulator
1400 is configured to provide the flow of electrical current
via multiple channels to one or more portions of the neu-
romuscular system of the limb, as described herein. For
example, the electric stimulator 1400 can be configured or
programmed to provide multi-channel electrical stimulation,
such as dual-channel or three channel FES. Said another
way, the electric stimulator 1400 is selectively operable to
provide a flow of electrical current to at least a portion of the
neuromuscular system of the limb via the electrode assem-
bly using two channels (or stimulation channels) or three
channels. In some embodiments, the stimulator 1400
includes a dedicated contact or connector configured to
electrically interface with the orthosis 1050 for each stimu-
lation channel.

[0145] The electric stimulator 1400 can include, for
example, at least a memory, a processor, and a power source
disposed within a housing of the stimulator. The electric
stimulator 1400 of the orthosis 1050 can be removably
coupled to the cradle 1130 of the frame assembly 1100. The
cradle 1130 is configured to at least temporarily retain the
electric stimulator 1400 therein, as described herein. In this
manner, the electric stimulator 1400 (e.g., the housing of the
electric stimulator) can be mounted to and supported by the
frame assembly 1100.

[0146] The electric stimulator 1400 is configured to be
placed in electrical communication with the electrode
assembly 1200 (or, optionally, another electrode assembly
described herein, including, but not limited to, electrode
assembly 1201), for example, when the electric stimulator
1400 is removably coupled to the assembled frame assembly
1100. The electric stimulator 1400 includes at least one
electrical contact or connector configured to electrically
couple the electric stimulator 1400 to at least one connector
(or electrode connector) of the frame assembly 1100. More
specifically, the electric stimulator 1400 can include a first
connector and a second connector (not shown) configured to
be electrically coupled to corresponding connectors (not
shown) of the frame assembly, such as via openings 1136,
1137 of the base plate 1134 of the inner portion 1116 of the
frame and/or via the set of connectors 1131 of the cradle
1130. In this manner, the electric stimulator 1400 can be
configured for dual-channel stimulation of a portion of the
neuromuscular system of the limb of the patient. The first
and second connector of the electric stimulator 1400 can
include any suitable wiring, connector, contact, interface,
and/or structure.

[0147] Insome embodiments, a first set of components of
the orthosis 1050 is configured to provide FES via a first
channel. The first set of components can include, for
example, the electric stimulator 1400, electrodes 1210,
1214, and one or more connectors, wiring, other circuitry, or
the like therebetween. In use, the electric stimulator 1400
sends a first signal according to a first set of parameters to
electrode 1210 (e.g., a cathodic electrode), resulting in the
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electrode 1210 providing an electric current according to the
first set of parameters to a portion of neuromuscular system
of the limb and to electrode 1214 (e.g., an anodic electrode)
via the tissue, thereby defining a first stimulation channel.

[0148] A second set of components of the orthosis 1050
can be configured to provide FES via a second channel. The
second set of components can include, for example, the
electric stimulator 1400, electrodes 1212, 1216, and one or
more connectors, wiring, other circuitry, or the like therebe-
tween. In use, the electric stimulator 1400 sends a second
signal according to a second set of parameters to electrode
1212 (e.g., a cathodic electrode), resulting in the electrode
1212 providing an electric current according to the second
set of parameters to a portion of neuromuscular system of
the limb, and at least a portion of the electrical current being
received from the tissue by the electrode 1216 (e.g., an
anodic electrode), thereby defining a second stimulation
channel. In such an embodiment, the system 1000 can be
configured to provide monopolar stimulation to the limb
substantially concurrently during a time period via the first
channel and the second channel.

[0149] The electric stimulator 1400 can selectively and/or
independently control one or more parameters associated
with the flow of electrical current via each channel. Such
parameters can include, but are not limited to, the electrical
current’s amplitude, voltage, pulse rate, waveform, or the
like, which can collectively define the electrical current’s
intensity, and whether the flow of electrical current is on or
off. For example, during a time period, the electric stimu-
lator 1400 can provide a flow of electrical current having a
first intensity via a first channel (e.g., Chl, as shown in FIG.
25, et seq.) and a flow of electrical current having a second
intensity via a second channel (e.g., Ch2, as shown in FIG.
25, et seq.), such that the current flows via the first channel
substantially concurrently with the flow of the current via
the second channel. The second intensity can be less than,
substantially equal to, or greater than the first intensity. In
some embodiments, the first intensity is greater than the
second intensity.

[0150] In some embodiments, the electrical current pro-
vided via the first channel has an amplitude different from an
amplitude of the electrical current provided via the second
channel. The electrical current provided via at least one of
the first channel or the second channel can have an ampli-
tude within the range of about 10 milliamperes (mA) to
about 50 mA. For example, in some embodiments, the
amplitude of the electrical current for the first channel is
within the range of about 10 mA to about 50 mA, and the
amplitude of the electrical current for the second channel is
within the range of about 10 mA to about 30 mA. More
specifically, in some embodiments, the amplitude of the
electrical current associated with the first channel can be
about 30 mA and the amplitude of the electrical current
associated with the second channel can be about 25 mA. It
should be noted that by using dual-channel stimulation,
similar or improved foot movement can be promoted uti-
lizing lower intensities, including lower current amplitudes,
than that resulting from stimulation at a higher intensity
using a known FES system.

[0151] In some embodiments, the electrical current pro-
vided via at least one of the first channel or the second
channel has a pulse rate within the range of 10 hertz (“Hz”)
to 60 Hz. For example, in one embodiment, the pulse rate of
the current provided by both the first channel and the second
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channel is 30 Hz. In another example, in one embodiment,
the pulse rate of the current provided by both the first
channel and the second channel is 40 Hz. In some embodi-
ments, the electrical current provided via at least one of the
first channel or the second channel has a symmetric wave-
form, however, in other embodiments the current can pro-
duce a different waveform, such as an asymmetric waveform
or a sine waveform. In some embodiments, the electrical
current provided via at least one of the first channel or the
second channel has a phase duration within the range of 50
microseconds (ps) to 300 ps. For example, in one embodi-
ment, the phase duration of the current provided by both the
first channel and the second channel is 200 ps.

[0152] In this manner, the electric stimulator 1400 can
cause electrical current to flow through each of the two
channels substantially during a time period, while the elec-
tric stimulator 1400 controls the parameters of the electrical
current flowing through each channel independently of one
or more parameters of the current flowing through another
channel. By independently controlling the flow of electrical
current through each channel, the electric stimulator 1400,
and the orthosis 1050 as a whole, is configured to steer the
electrical current within the neuromuscular system of the
limb, thereby promoting improved movement and position-
ing of a portion of the limb 10 (e.g., the foot) during a gait
event, over that which would otherwise be caused using
known FES systems utilizing single channel stimulation. For
example, the multi-channel FES systems described herein
promote better balanced dorsiflexion and/or better balanced
plantarflexion that that resulting from the use of known FES
systems.

[0153] The electric stimulator 1400 can be programmed to
provide multiple stimulation configurations or patterns uti-
lizing the orthosis 1050, including any stimulation param-
eters described herein. For example, referring to FIG. 25, in
one embodiment, the system 1000 is configured for stimu-
lation of at least a portion of a neuromuscular system of a
limb (e.g., a leg) via a first channel Chl and a second
channel Ch2. The first channel Chl is formed, at least in
part, by a first cathodic electrode 1210 and a first anodic
electrode 1214 of the electrode assembly 1200, as well as the
stimulator 1400 and circuitry and/or connectors (e.g., elec-
trode connectors 1230, 1234) therebetween. The second
channel Ch2 is formed, at least in part, by a second cathodic
electrode 1212 and a second anodic electrode 1216, as well
as the stimulator 1400 and circuitry and/or connectors (e.g.,
electrode connectors 1232, 1236) therebetween. In some
embodiments, such as when the orthosis 1050 is donned on
the right leg of the patient or another limb on the right half
of the patient’s body, the first channel Chl can be considered
a medial (stimulation) channel and the second channel Ch2
can be considered a lateral (stimulation) channel.

[0154] The electric stimulator 1400 is configured to pro-
vide stimulation during a time period via the first channel
Ch1 such that an electrical current flows from at least one of
the first cathodic electrode 1210 and the first anodic elec-
trode 1214 into the neuromuscular system of the limb and
through a portion of the neuromuscular system of the limb
between the first cathodic electrode 1210 and the first anodic
electrode 1214. More specifically, the electric stimulator
1400 can be configured to provide stimulation via the first
channel Ch1 such that the electrical current flows from the
first cathodic electrode 1210 through the neuromuscular
system to the first anodic electrode 1214. In some embodi-
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ments, the stimulation is bipolar. In some embodiments, the
stimulation is monopolar. The electric stimulator 1400 is
configured to provide stimulation via the second channel
Ch2 such that an electrical current flows from at least one of
the second cathodic electrode 1212 and the second anodic
electrode 1216 into the neuromuscular system of the limb
and through a portion of the neuromuscular system of the
limb between the second cathodic electrode 1212 and the
second anodic electrode 1216. In some embodiments, the
stimulation is bipolar. In other embodiments, the stimulation
is monopolar. In this manner, the system 100 can be con-
figured to provide parallel stimulation channels through the
neuromuscular system, as represented by arrows D and E in
FIG. 25. In some embodiments, the stimulation is provided
via the first channel Chl during a first time period, and the
stimulation is provided via the second channel Ch2 substan-
tially concurrently during the first time period. In other
embodiments, the stimulation is provided via the first chan-
nel Chl during the first time period, and the stimulation is
provided via the second channel Ch2 during a second time
period different than the first time period (e.g., during an
earlier time period or a subsequent time period, or during
alternating time periods).

[0155] In another example, referring to FIG. 26, in one
embodiment, the system 1000 is configured for stimulation
of at least a portion of a neuromuscular system of a limb
(e.g., a leg) via a first channel Chl and a second channel
Ch2. The first channel Ch1 is formed, at least in part, by the
first cathodic electrode 1210 and the second anodic electrode
1216 of the electrode assembly 1200, as well as the stimu-
lator 1400 and circuitry and/or connectors therebetween.
The second channel Ch2 is formed, at least in part, by the
second cathodic electrode 1212 and the first anodic electrode
1214, as well as the stimulator 1400 and circuitry and/or
connectors therebetween. In some embodiments, such as
when the orthosis 1050 is donned on the right leg of the
patient or another limb on the right half of the patient’s body,
the first channel Chl can be considered a medial (stimula-
tion) channel and the second channel Ch2 can be considered
a lateral (stimulation) channel.

[0156] The electric stimulator 1400 is configured to pro-
vide stimulation during a time period via the first channel
Ch1 such that an electrical current flows from at least one of
the first cathodic electrode 1210 and the second anodic
electrode 1216 into the neuromuscular system of the limb
and through a portion of the neuromuscular system of the
limb between the first cathodic electrode 1210 and the
second anodic electrode 1216. More specifically, the electric
stimulator 1400 can be configured to provide the stimulation
via the first channel Chl such that the electrical current flows
from the first cathodic electrode 1210 to the second anodic
electrode 1216 via the neuromuscular system of the limb. In
some embodiments, the stimulation is bipolar. In other
embodiments, the stimulation is monopolar.

[0157] The electric stimulator 1400 is configured to pro-
vide stimulation via the second channel Ch2 such that an
electrical current flows from at least one of the second
cathodic electrode 1212 and the first anodic electrode 1214
into the neuromuscular system of the limb and through a
portion of the neuromuscular system of the limb between the
second cathodic electrode 1212 and the first anodic electrode
1214. More specifically, the electric stimulator 1400 can be
configured to provide the stimulation via the second channel
Ch2 such that the electrical current flows from the second
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cathodic electrode 1212 to the first anodic electrode 1214 via
the neuromuscular system of the limb. In some embodi-
ments, the stimulation is bipolar. In other embodiments, the
stimulation is monopolar. In this manner, the system 100 can
be considered to be configured to provide diagonal stimu-
lation channels through the neuromuscular system, as rep-
resented by arrows F and G in FIG. 26. In some embodi-
ments, the stimulation is provided via the first channel Chl
during a first time period, and the stimulation is provided via
the second channel Ch2 substantially concurrently during
the first time period. In other embodiments, the stimulation
is provided via the first channel Chl during the first time
period, and the stimulation is provided via the second
channel Ch2 during a second time period different than the
first time period (e.g., during an earlier time period or a
subsequent time period, or during alternating time periods).
To implement such a stimulation configuration, in some
embodiments, the connection of wires 1244, 1246 to the
electrode connectors 1234, 1236, respectively, may be re-
routed or reversed, or the connection of wires 1244, 1246 to
the connector or contact of the stimulator may be re-routed
or reversed.

[0158] In another example, referring to FIG. 27, in one
embodiment, the system 1000 is configured for stimulation
of at least a portion of a neuromuscular system of a limb
(e.g., a leg) via a first channel Chl and a second channel
Ch2. The first channel Chl is formed, at least in part, by the
first cathodic electrode 1220, which is coupled to the first
electrode connector 1230 of the frame assembly 1100, and
the anodic electrode 1224, via the third electrode connector
1234 which is coupled to the anodic electrode 1224, of the
electrode assembly 1201, as well as the stimulator 1400 and
circuitry and/or additional connectors therebetween. The
second channel Ch2 is formed, at least in part, by the second
cathodic electrode 1222, which is coupled to the second
electrode connector 1232 of the frame assembly 1100, and
the anodic electrode 1224, via the fourth electrode connector
1236 which is coupled to the anodic electrode 1224, as well
as the stimulator 1400 and circuitry and/or additional con-
nectors therebetween. In some embodiments, such as when
the orthosis 1050 is donned on the right leg of the patient or
another limb on the right half of the patient’s body, the first
channel Chl can be considered a medial (stimulation) chan-
nel and the second channel Ch2 can be considered a lateral
(stimulation) channel.

[0159] The electric stimulator 1400 is configured to pro-
vide stimulation during a time period via the first channel
Chl such that an electrical current flows from the first
cathodic electrode 1220 into the neuromuscular system of
the limb and through a portion of the neuromuscular system
of the limb between the first cathodic electrode 1220 and the
anodic electrode 1224. In some embodiments, at least a
portion of the electrical current flowing via the first channel
Ch1 is returned to the electric stimulator 1400 via the anodic
electrode 1224 and one or more of connectors 1234, 1236.
In some embodiments, the stimulation is monopolar. In other
embodiments, the stimulation is bipolar. The electric stimu-
lator 1400 is configured to provide stimulation via the
second channel Ch2 such that an electrical current flows
from the second cathodic electrode 1222 into the neuromus-
cular system of the limb and through a portion of the
neuromuscular system of the limb between the second
cathodic electrode 1222 and the anodic electrode 1224. In
some embodiments, at least a portion of the electrical current
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flowing via the second channel Ch2 is returned to the electric
stimulator 1400 via the anodic electrode 1224 and one or
more of connectors 1234, 1236. In some embodiments, the
stimulation is provided via the first channel Chl during a
first time period, and the stimulation is provided via the
second channel Ch2 substantially concurrently during the
first time period. In other embodiments, the stimulation is
provided via the first channel Chl during the first time
period, and the stimulation is provided via the second
channel Ch2 during a second time period different than the
first time period (e.g., during an earlier time period or a
subsequent time period, or during alternating time periods).
In some embodiments, the stimulation is monopolar. In other
embodiments, the stimulation is bipolar.

[0160] Inthis manner, the system 100 can be considered to
be configured to provide two stimulation channels through
the neuromuscular system of the limb using a common
anode, with a current flow through the tissue generally
represented by arrows H and I in FIG. 27. An FES system
implementing one or more common anode configurations, as
described herein, for providing FES to neuromuscular sys-
tem can provide a greater disbursement of the flow of
electrical current through the neuromuscular tissue than that
provided by a single-channel stimulation system. Addition-
ally, because one or more parameters of the current flow, and
thus the current’s intensity, along each channel (i.e., the first
channel Ch1 and the second channel Ch2) are independently
programmed to or selected by the stimulator, the disburse-
ment of the electrical current through the neuromuscular
system can be targeted or otherwise manipulated by con-
trolling the one or more parameters (e.g., by increasing or
decreasing a current’s amplitude), thereby promoting a
desired response by the neuromuscular system, such as
dorsiflexion, plantarflexion, inversion or eversion of the
foot.

[0161] In still another example, referring to FIG. 28, in
one embodiment, the system 1000 is configured for stimu-
lation of at least a portion of a neuromuscular system of a
limb (e.g., a leg) via a first channel Chl and a second
channel Ch2. The first channel Chl is formed, at least in
part, by the first cathodic electrode 1210 and the first anodic
electrode 1214 of the electrode assembly 1200, as well as the
stimulator 1400 and circuitry and/or connectors therebe-
tween. The second channel Ch2 is formed, at least in part, by
a second cathodic electrode 1212 and a second anodic
electrode 1216, as well as the stimulator 1400 and circuitry
and/or connectors therebetween. In some embodiments,
such as when the orthosis 1050 is donned on the right leg of
the patient or another limb on the right half of the patient’s
body, the first channel Chl can be considered a medial
(stimulation) channel and the second channel Ch2 can be
considered a lateral (stimulation) channel, and the electrodes
associated with the channels Chl, Ch2 can be considered
medial and lateral electrodes, respectively.

[0162] The electric stimulator 1400 is configured to pro-
vide stimulation during a time period via the first channel
Chl such that an electrical current flows from the first
cathodic electrode 1210 into the neuromuscular system of
the limb and through a portion of the neuromuscular system
of the limb between the first cathodic electrode 1210 and at
least one of or both the first and second anodic electrodes
1214, 1216, as represented by arrow J in FIG. 28. The
electric stimulator 1400 is configured to provide stimulation
via the second channel Ch2 such that an electrical current
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flows from the second cathodic electrode 1212 into the
neuromuscular system of the limb and through a portion of
the neuromuscular system of the limb between the first
cathodic electrode 1210 and at least one of or both the first
and second anodic electrodes 1214, 1216, as represented by
arrow K in FIG. 28. At least a portion of the current flowing
via the first channel Chl can be returned (or flow) from the
tissue to the stimulator 1400 via the first anodic electrode
1214 and/or the second anodic electrode 1216, and at least
a portion of the current flowing via the second channel Ch2
can be returned (or flow) from the tissue to the stimulator
1400 via the first anodic electrode 1214 and/or the second
anodic electrode 1216. In this manner, the first and second
anodic electrodes are collectively operable as a common
anodic electrode. In some embodiments, the stimulation is
provided via the first channel Chl during a first time period,
and the stimulation is provided via the second channel Ch2
substantially concurrently during the first time period. In
other embodiments, the stimulation is provided via the first
channel Ch1 during the first time period, and the stimulation
is provided via the second channel Ch2 during a second time
period different than the first time period (e.g., during an
earlier time period or a subsequent time period, or during
alternating time periods). In some embodiments, to achieve
operation of the first and second anodic electrodes 1214,
1216 as a common anodic electrode, and electrical short is
included between the first anodic electrode 1214 and the
second anodic electrode 1216, as represented by line L in
FIG. 28. In such an embodiment, the electric stimulator 1400
can be configured to provide monopolar stimulation.

[0163] In yet another example, referring to FIG. 29 and
FIGS. 39-44, in one embodiment, the system 1000 is con-
figured for selectively controlled stimulation of at least a
portion of a neuromuscular system of a limb (e.g., a leg) via
a first channel Chl and a second channel Ch2. The first
channel Ch1 is formed, at least in part, by the first cathodic
electrode 1210, the first anodic electrode 1214, and the
second anodic electrode 1216 of the electrode assembly
1200, as well as the stimulator 1400 and circuitry and/or
connectors therebetween. The second channel Ch2 is
formed, at least in part, by a second cathodic electrode 1212,
the first anodic electrode 1214, and the second anodic
electrode 1216, as well as the stimulator 1400 and circuitry
and/or connectors therebetween. In some embodiments,
such as when the orthosis 1050 is donned on the right leg of
the patient or another limb on the right half of the patient’s
body, the first channel Chl can be considered a medial
(stimulation) channel and the second channel Ch2 can be
considered a lateral (stimulation) channel, and the electrodes
associated with the channels Chl, Ch2 can be considered
medial and lateral electrodes, respectively.

[0164] The electric stimulator 1400 is configured to pro-
vide stimulation during a first time period via the second
channel Ch2 such that an electrical current flows from the
second cathodic electrode 1212 into the neuromuscular
system of the limb and through a portion of the neuromus-
cular system of the limb between the second cathodic
electrode 1212 and each of the first and second anodic
electrodes 1214, 1216, as represented by arrows N1 and N2
in FIGS. 29 and 39. More particularly, as better shown in
FIG. 39, during the first time period, the electric stimulator
1400 sends a first stimulation signal to the to the second (or
lateral) cathodic electrode 1212 causing the second cathodic
electrode 1212 to provide an electrical current (or stimula-
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tion) to a portion of the neuromuscular system of the limb
and to the first (or medial) anodic electrode 1214 and the
second (or lateral) anodic electrode 1216. The first stimu-
lation signal causes the second cathodic electrode 1212 to
provide an electrical current having a first set of parameters.
At least a portion of the electrical current provided by the
second cathodic electrode 1212 can be returned to the
stimulator 1400 via the first anodic electrode 1214 and the
second anodic electrode 1216. In this manner, the electric
stimulator 1400 is configured (or programmed) to provide,
a first stimulation to the portion of the neuromuscular system
of the limb via the second channel Ch2, which is formed at
least during the first time period, in part, by both anodic
electrodes 1214, 1216 of the electrode assembly 1200. The
first channel Chl can be open (or incomplete or non-
functional) during the first time period, as shown in FIG. 39.

[0165] The electric stimulator 1400 is configured to pro-
vide stimulation during a second time period, after the first
time period, via the first channel Chl such that an electrical
current flows from the first cathodic electrode 1210 into the
neuromuscular system of the limb and through a portion of
the neuromuscular system of the limb between the first
cathodic electrode 1210 and each of the first and second
anodic electrodes 1214, 1216, as represented by arrows M1
and M2 in FIGS. 29 and 40. More particularly, as better
shown in FIG. 40, during the second time period, the electric
stimulator 1400 sends a second stimulation signal to the to
the first (or medial) cathodic electrode 1210 causing the first
cathodic electrode 1210 to provide an electrical current (or
stimulation) to a portion of the neuromuscular system of the
limb and to the first (or medial) anodic electrode 1214 and
the second (or lateral) anodic electrode 1216 via the neuro-
muscular system of the limb. The second stimulation signal
causes the first cathodic electrode 1210 to provide an
electrical current having a second set of parameters, which
can be different from the first set of parameters of the
electrical current provided by the second cathodic electrode
1212 during the first time period. At least a portion of the
electrical current provided by the first cathodic electrode
1210 can be returned to the stimulator 1400 via the first
anodic electrode 1214 and/or the second anodic electrode
1216. In this manner, the electric stimulator 1400 is config-
ured (or programmed) to provide and return, a second
stimulation to the portion of the neuromuscular system of
the limb via the first channel Chl, which is formed at least
during the second time period, in part, by both anodic
electrodes 1214, 1216 of the electrode assembly 1200. The
second channel Ch2 can be open (or incomplete or non-
functional) during the second time period, as shown in FIG.
40.

[0166] The first time period and the second time period
can occur substantially during a gait event, such as a
“heel-off” event or a “heel-on” event. In some embodiments,
the system includes a sensor (e.g., sensor 130) configured to
detect the gait event. The sensor can be configured to send
a signal to the electric stimulator 1400 when the gait event
is detected. The electric stimulator 1400 can be configured
to send at least one of the first signal or the second signal in
response to the signal received from the sensor.

[0167] The electrical current having the first set of param-
eters and the electrical current having the second set of
parameters are collectively configured to produce a desired
movement or position of the foot during the gait event. Said
another way, each of the first set of parameters and the
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second set of parameters is selected to produce a desired
response of the neuromuscular system of the limb to the
electrical currents having such parameters. For example, the
first set of parameters can include a first electrical current
intensity and the second set of parameters can include a
second electrical current intensity, different from the first
intensity, configured to produce a dorsiflexion, plantarflex-
ion, eversion and/or inversion of the foot. At least one of the
stimulation signals via the first channel Chl and/or the
second channel Ch2 can be monopolar.

[0168] In the embodiment shown in FIGS. 29 and 39-40,
the first and second anodic electrodes are collectively oper-
able as a common anodic electrode. In some embodiments,
an electrical short L can be provided between the first anodic
electrode 1214 and the second anodic electrode 1216 to
facilitate their collective operability as a common anode, as
described herein with respect to FIG. 28. In such an embodi-
ment, the electric stimulator 1400 can be configured to
provide monopolar stimulation.

[0169] Another stimulation sequence according to an
embodiment utilizing the FES system 1000 described herein
to provide FES using a segmented electrode assembly
described herein (e.g., electrode assembly 1200) such that
the first (or medial) anodic electrode 1214 and the second (or
lateral) anodic electrode 1216 substantially operate as a
common anodic electrode (e.g., as shown in FIG. 29) is
shown in FIGS. 41-44. The electric stimulator 1400 is
configured (or programmed) to provide a sequence of stimu-
lation signals (e.g., monopolar stimulation) to the electrode
assembly. The electric stimulator can be configured to send
one or more of the stimulation signals in response to a signal
received from a sensor, as described above.

[0170] As shown in FIG. 41, during a first time period, the
electric stimulator 1400 sends a first stimulation signal to the
second cathodic electrode 1212 to cause the second cathodic
electrode 1212 to provide an electrical current to the second
anodic electrode 1216, which forms a portion of the second
channel Ch2 at least during the first time period, through a
portion of the neuromuscular system of the limb between the
second cathodic electrode 1212 and the second anodic
electrode 1216.

[0171] As shown in FIG. 42, during a second time period,
the electric stimulator 1400 sends a second stimulation
signal to the second cathodic electrode 1212 to cause the
second cathodic electrode 1212 to provide an electrical
current to the first anodic electrode 1214, which forms a
portion of the second channel Ch2 at least during the second
time period, through a portion of the neuromuscular system
of the limb between the second cathodic electrode 1212 and
the first anodic electrode 1214. The second time period can
be subsequent to the first time period. More particularly, the
second time period can occur substantially immediately after
the first time period.

[0172] As shown in FIG. 43, during a third time period,
the electric stimulator 1400 sends a third stimulation signal
to the first cathodic electrode 1210 to cause the first cathodic
electrode 1210 to provide an electrical current to the first
anodic electrode 1214, which forms a portion of the first
channel Chl at least during the third time period, through a
portion of the neuromuscular system of the limb between the
first cathodic electrode 1210 and the first anodic electrode
1214. The third time period can be subsequent to the second
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time period. More particularly, the third time period can
occur substantially immediately after the second time
period.

[0173] As shown in FIG. 44, during a fourth time period,
the electric stimulator 1400 sends a fourth stimulation signal
to the first cathodic electrode 1210 to cause the first cathodic
electrode 1210 to provide an electrical current to the second
anodic electrode 1216, which forms a portion of the first
channel Chl at least during the fourth time period, through
a portion of the neuromuscular system of the limb between
the second cathodic electrode 1212 and the first anodic
electrode 1214. The fourth time period can be subsequent to
the third time period. More particularly, the fourth time
period can occur substantially immediately after the third
time period.

[0174] Each stimulation signal (e.g., the first, second, third
and fourth signals) is associated with a set of parameters for
an electrical current to be provided to the respective elec-
trode. In some embodiments, the first stimulation signal is
associated with a first set of parameters, the second stimu-
lation signal is associated with a second set of parameters,
the third stimulation signal is associated with a third set of
parameters, and the fourth stimulation signal is associated
with a fourth set of parameters. The foregoing sets of
parameters are collectively configured to produce a desired
movement or produce a desired position of a portion of the
limb (e.g., the foot, during a gait event). Individual param-
eters in each of the foregoing sets can have a different value
from the value of a corresponding parameter in each of the
other sets. For example, an intensity of the current produced
in response to each stimulator signal can be different, thus
providing for steering of the current in a desired manner
through the neuromuscular system of the limb. In this
manner, parameter values for each set can be adjusted or
modified, e.g., via a control device electrically coupled to
the stimulator, until the desired movement or position of the
limb portion is produced.

[0175] In some embodiments, the electric stimulator 1400
can receive and/or send signals to a set of external and/or
implanted electrical devices via any suitable communication
mode. For example, in some embodiments, the electric
stimulator 1400 can include two, three, four, five, six, or
more communication and/or electrical channels that can be
operable in sending and/or receiving signals to and/or from,
respectively, the electrode assembly 1200, a sensor (not
shown, e.g., sensor 130), and/or any other suitable electronic
device operably coupled thereto. In some embodiments, at
least a portion of the communication and/or electrical chan-
nels can be associated with sending and/or receiving a signal
via a wireless communication modality (e.g., a modality,
format, and/or the like associated with WiFi®, Bluetooth®,
near field communication (NFC), cellular communication
such as, short message service (SMS) or multimedia mes-
sage service (MMS), and/or the like), as described in further
detail herein.

[0176] Although the system 1000 has been shown and
described as including an electrode assembly (e.g., electrode
assembly 1200, 1201, 1203, 1205) including a certain num-
ber of electrodes (e.g., two, three, four, six), in some
embodiments, an electrode assembly including any suitable
number of electrodes can be included in the orthosis 1050 of
the system 1000.

[0177] Forexample, referring to FIG. 30, in some embodi-
ments, a “quick-fit” electrode assembly according to an
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embodiment including two electrodes (i.e., a cathodic elec-
trode 2212 and an anodic electrode 2214) can be used with
the system 1000. A first male connector (not shown) of the
electrode assembly 2200 is configured to be coupled to the
connector 1232 of the frame assembly 1100 to electrically
couple the cathodic electrode 2212 to the electric stimulator
1400. The cathodic electrode 2212 has a size and shape such
that the electrode 2212 overlies the connector 1236 of the
frame assembly 1110, thereby being configured to prevent
inadvertent stimulation of the tissue via the connector 1236,
which may not be mechanically and/or electrically coupled
to the electrode assembly 2200 in this embodiment. A
second male connector (not shown) of the electrode assem-
bly 2200 is configured to be coupled to the connector 1234
of the frame assembly 1100 to electrically couple the anodic
electrode 2214 to the electric stimulator 1400. The anodic
electrode 2214 has a size and shape such that the electrode
2212 overlies the connector 1230 of the frame assembly
1110, thereby being configured to prevent inadvertent stimu-
lation of the tissue via the connector 1230, which may not
be mechanically and/or electrically coupled to the electrode
assembly 2200 in this embodiment. In some embodiments,
at least one of the first male connector and the second male
connectors of the electrode assembly 2200 includes a visual
indicium configured to assist a user in identifying to which
electrode connector 1230, 1232, 1234, 1236 the respective
male connector is configured to be coupled. For example,
the first male connector can include a color coded portion
indicating that the first male connector should be coupled to
a predetermined one of electrode connectors 1230, 1232,
1234, 1236 of the electrode assembly 2200, and the second
male connector can include a color coded portion indicating
that the second male connector should be coupled to a
predetermined one of another of the electrode connectors
1230, 1232, 1234, 1236.

[0178] The electric stimulator 1400 is configured to pro-
vide stimulation during a first time period via the second
channel Ch2 such that an electrical current flows from the
cathodic electrode 2212 into the neuromuscular system of
the limb and through a portion of the neuromuscular system
of the limb between the cathodic electrode 1210 and the
anodic electrodes 2214, as represented by arrow P in FIG.
30. At least a portion of the current flowing into the tissue
via the second channel Ch2 can be returned (or flow) from
the tissue to the stimulator 1400 via the anodic electrode
2214 and the first channel Chl. In some embodiments, the
stimulation is monopolar. In other embodiments, the stimu-
lation is bipolar.

[0179] Additional examples of electrode assemblies
including two electrodes are shown in FIGS. 45A-46B. For
example, as shown in FIGS. 45A-45B, an electrode assem-
bly 2221 according to an embodiment includes a panel 2222
and two electrodes (or electrode regions) 2222, 2224
arranged thereon. A non-conductive region 2223 of the panel
2221 is disposed between the electrodes 2222, 2224. As
shown in FIG. 46B, the non-conductive region 2243
between the electrodes 2242, 2244 is curved or non-linear.
For example, in some embodiments, the non-conductive
region 2243 is in the shape of a wave. Similarly, each of the
electrodes 2242, 2244 includes a substantially wave shaped
edge or perimeter portion disposed on opposing sides of the
non-conductive region 2223, which perimeter portions can
be substantially parallel. The electrodes 2222, 2224 can be
substantially similar in form and/or function to any electrode
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described herein. For example, one of the electrodes 2222,
2224 can be a cathodic electrode and the other of the
electrodes 2222, 2224 can be an anodic electrode. The
electrode assembly 2220 is configured for use with the
orthosis 1050, and configured to be coupled to the frame
assembly 1100. The electrode assembly 2220 can be coupled
to the frame assembly 1100 in any suitable manner described
herein. The electrodes 2222, 2224 each are associated with
a connector 2226, 2228, respectively, configured to be
electrically coupled to the electric stimulator 1400 via
corresponding connectors of the frame assembly 1100. As
shown, the connectors 2226, 2228 are male connectors
configured to be removably coupled to complementary
connectors of the frame assembly 1100. Because the elec-
trode assembly 2220 includes only two male connectors,
two complementary connectors on the frame assembly may
be unused with respect to the electrode assembly 2220. As
such, a connector cover (e.g. connector cover 1270 shown
and described herein with respect to FIG. 6A) can optionally
be used with the unused connectors. Although the electrode
assembly 2220 is shown and described herein as including
two connectors, in other embodiments, the electrode assem-
bly can include any suitable number of connectors, such as
three, four or more connectors. Additionally, although the
electrode assembly 2220 is shown as including male con-
nectors, in another embodiment, the electrode assembly can
include female connectors configured to be coupled to
complementary male connectors of a frame assembly.

[0180] In another example, as shown in FIGS. 46A-46B,
an electrode assembly 2240 according to an embodiment
includes a panel 2241 and two electrodes (or electrode
regions) 2242, 2244 arranged thereon. A non-conductive
region 2243 of the panel 2241 is disposed between the
electrodes 2242, 2244. As shown in FIG. 46B, the non-
conductive region 2243 between the electrodes 2242, 2244
is substantially linear. Similarly, each of the electrodes 2242,
2244 includes a substantially linear edge or perimeter por-
tion, which perimeter portions can be substantially parallel
and disposed on opposing sides of the non-conductive
region 2243. The electrodes 2242, 2244 can be substantially
similar in form and/or function to any electrode described
herein. For example, one of the electrodes 2242, 2244 can be
a cathodic electrode and the other of the electrodes 2242,
2244 can be an anodic electrode. The electrode assembly
2240 is configured for use with the orthosis 1050, and
configured to be coupled to the frame assembly 1100. The
electrode assembly 2240 can be coupled to the frame
assembly 1100 in any suitable manner described herein. The
electrodes 2242, 2244 each are associated with a connector
2246, 2248, respectively, configured to be electrically
coupled to the electric stimulator 1400 via a corresponding
connector of the frame assembly 1100. As shown, the
connectors 2246, 2248 are male connectors configured to be
removably coupled to complementary connectors of the
frame assembly 1100. Because the electrode assembly 2240
includes only two male connectors, two complementary
connectors on the frame assembly may be unused with
respect to the electrode assembly 2240. As such, a connector
cover (such as connector cover 1270 shown and described
herein with respect to FIG. 6A) can optionally be used with
the unused connectors. Although the electrode assembly
2240 is shown and described herein as including two male
connectors, in other embodiments, the electrode assembly
can include any suitable number of connectors, such as
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three, four or more connectors. Additionally, although the
electrode assembly 2240 is shown as including male con-
nectors, in another embodiment, the electrode assembly can
include female connectors configured to be coupled to
complementary male connectors of a frame assembly.
[0181] Although the electrode assemblies 2220, 2240 are
shown with different electrode shapes, the electrode assem-
blies 2220, 2240 can otherwise be substantially similar or
identical in many respects to electrode assembly 2200, and
can be used for FES in a manner similar to that described
above with respect to electrode assembly 2200, and so such
details are not reproduced here.

[0182] Although the system 1000 has been shown and
described as including an electrode assembly (e.g., electrode
assembly 120, 1200, 1201, 1203, 1205) in which the
cathodic electrodes (e.g., electrodes 1210, 1212) are dis-
posed vertically above the anodic electrode(s) when the
electrode assembly is coupled to the frame assembly 1110
and the orthosis 1050 is donned by the patient (or proximally
to the anodic electrode(s) with respect to the patient’s torso),
in some embodiments, an electrode assembly configured for
use with the orthosis 1050 can include cathodic and anodic
electrodes that are differently positioned or distributed with
respect to the panel (and thus with respect to the patient’s
limb when the orthosis 1050 is donned).

[0183] For example, referring to FIG. 31, an electrode
assembly 2300 is configured for use with the FES system
1000 described herein. The electrode assembly 2300
includes four electrodes 2310, 2312, 2314, 2316 formed on,
disposed on, or otherwise coupled to a panel 2302, of which
two electrodes 2312, 2316 are cathodic electrodes disposed
on substantially a first half of the panel 2302 such that the
first cathodic electrode 2312 is proximal to the second
cathodic electrode 2316 with respect to the patient’s torso
when the orthosis 1050 is donned on the patient’s leg and the
patient is standing. The other two electrodes 2310, 2314 of
the electrode assembly 2300 are anodic electrodes disposed
on substantially a second half of the panel 2302 such that the
first anodic electrode 2310 is proximal to the second anodic
electrode 2314 with respect to the patient’s torso when the
orthosis 1050 is donned on the patient’s leg and the patient
is standing.

[0184] The electric stimulator 1400 can be configured to
provide stimulation during a time period via the second
channel Ch2 such that an electrical current flows from the
stimulator 1400 to the first cathodic electrode 2312 and the
second cathodic electrode 2316 and from the cathodic
electrodes 2312, 2316 into the neuromuscular system of the
limb and through a portion of the neuromuscular system of
the limb between the cathodic electrodes 2312, 2316 and the
first and second anodic electrodes 2310, 2314, as generally
represented by arrows Q in FIG. 31. The first cathodic
electrode 2312 and the second cathodic electrode 2316 can
be operable as a “common” cathode, for example, by
including an electrical short (represented by line R in FIG.
31) between the first cathodic electrode 2312 and the second
cathodic electrode 2316. The first anodic electrode 2310 and
the second anodic electrode 2314 can be operable as a
“common” anode, as described herein, which can be facili-
tated by an electrical short provided between the first and
second anodic electrodes 2310, 2314, as represented by line
S in FIG. 31.

[0185] At least a portion of the electrical current flowing
into the tissue via the second channel Ch2 can be returned
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(or flow) from the tissue to the stimulator 1400 via the
anodic electrodes 2310, 2314 and the first channel Chl.

[0186] In another example, referring to FIG. 32, an elec-
trode assembly 2400 is configured for use with the FES
system 1000 described herein. The electrode assembly 2400
can be substantially similar in form to electrode assembly
2300 shown and described herein with respect to FIG. 31.
The electrode assembly 2400 includes four electrodes 2410,
2412, 2414, 2416 formed on, disposed on, or otherwise
coupled to a panel 2402, of which two electrodes 2412, 2416
are cathodic electrodes disposed on substantially a first half
of the panel 2402 such that the first cathodic electrode 2412
is proximal to the second cathodic electrode 2416 with
respect to the patient’s torso when the orthosis 1050 is
donned on the patient’s leg and the patient is standing. The
other two electrodes 2410, 2414 of the electrode assembly
2400 are anodic electrodes disposed on substantially a
second half of the panel 2402 such that the first anodic
electrode 2410 is proximal to the second anodic electrode
2414 with respect to the patient’s torso when the orthosis is
donned 1050 on the patient’s leg and the patient is standing.
Said another way, the cathodic electrodes 2412, 2416 are
substantially vertically aligned with respect to the panel
2402 and the anodic electrodes 2410, 2414 are substantially
vertically aligned with respect to the panel 2402 when the
panel 2402 is coupled to the orthosis 1050, the orthosis 1050
is donned on the patient’s leg, and the patient is standing.

[0187] The electric stimulator 1400 can be configured to
provide stimulation during a time period via the first channel
Chl1 such that an electrical current flows from the stimulator
1400 to at least one of the first cathodic electrode 2412 and
the first anodic electrode 2410 and from the at least one of
the first cathodic electrode 2412 and/or the first anodic
electrode 2410 into a portion of the neuromuscular system of
the limb and through a portion of the neuromuscular system
of the limb between the first cathodic electrode 2412 and the
first anodic electrode 2410. The electric stimulator can be
configured to provide stimulation during the time period via
the second channel Ch2 such that an electrical current flows
from the stimulator 1400 to at least one of the second
cathodic electrode 2416 and the second anodic electrode
2414 and from the at least one of the second cathodic
electrode 2416 and/or the second anodic electrode 2414 into
a portion of the neuromuscular system of the limb between
the second cathodic electrode 2416 and the second anodic
electrode 2414. The flow of electrical current from each of
the first channel Ch1 and the second channel Ch2 can flow
through the neuromuscular system of the limb as generally
represented by arrows T in FIG. 32. Thus, in use, the
electrode assenbly 2400 can provide a current flow through
the tissue that has a similar pattern and/or physiological
effect on the neuromuscular system as that resulting from
operation of the electrode assemblies 2200, 2300 shown and
described herein with respect to FIGS. 30-31. At least a
portion of the electrical current flowing into the tissue via the
first channel Chl and/or the second channel Ch2 can be
returned (or flow) from the tissue to the stimulator 1400 via
the first anodic electrode the first channel Chl and/or via the
second anodic electrode 2414 and the second channel Ch2.
In some embodiments, the stimulation is monopolar. In
some embodiments, the stimulation is bipolar.

[0188] Although the FES system 1000 has been illustrated
and described herein as including an electrode assembly
(e.g., electrode assembly 120, 1200, 1201, 1203, 1205,
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2200, 2300, 2400) having a plurality of electrodes fixedly
coupled to a panel, in some embodiments, the system 1000
is configured for use with one or more conventional elec-
trodes (e.g., a hydrogel electrode, a small cloth electrode, or
the like). For example, referring to FIG. 33, in one embodi-
ment, an electrode assembly 2500 includes a cathodic elec-
trode 2510 and an anodic electrode 2514, each of which can
be one of a hydrogel electrode, small cloth electrode, or the
like. The cathodic electrode 2510 is removably coupled to
the first electrode connector 1230 of the frame assembly
1100, and the anodic electrode 2514 is removably coupled to
the third electrode connector 1234 of the frame assembly
1100. Thus, the cathodic electrode 2510 and the anodic
electrode 2514 form at least a portion of a first channel Chl.
As shown, in this embodiment, the second stimulation
channel is operably disabled or otherwise non-functional,
and thus no stimulation is provided via the second stimula-
tion channel Ch2. In some embodiments, no electrodes are
coupled to the second stimulation channel Ch2, e.g., to the
second electrode connector 1232 and/or the fourth electrode
connector 1236. In such embodiments, the unused electrode
connectors 1232, 1236 can optionally have one or more
connector covers disposed thereon to prevent the inadvertent
flow of electrical current therefrom during FES using the
first channel Chl.

[0189] The electric stimulator 1400 can be configured to
provide stimulation during a time period via the first channel
Ch1 such that an electrical current flows from the stimulator
1400 to at least one of the cathodic electrode 2510 and the
anodic electrode 2514 and from the cathodic electrode 2510
and/or the anodic electrode 2514 into a portion of the
neuromuscular system of the limb and through a portion of
the neuromuscular system of the limb between the cathodic
electrode 2510 and the anodic electrode 2514. For example,
the electrical current can be caused to flow from the cathodic
electrode 2510 towards the anodic electrode 2514, as gen-
erally represented by arrow U in FIG. 33. In this manner,
although the system 1000 is configured for multi-channel
stimulation, the system 1000, and stimulator 1400 particu-
larly, can be configured to selectively provide single-channel
stimulation of at least a portion of the neuromuscular system
of the limb. In some embodiments, at least a portion of the
electrical current can be returned to the stimulator 1400 from
the tissue via the anodic electrode 2514 and the first channel
Chl. In some embodiments, the stimulation is monopolar. In
some embodiments, the stimulation is bipolar.

[0190] In another example, referring to FIG. 34, in one
embodiment, an electrode assembly 2500 includes a
cathodic electrode 2612 and an anodic electrode 2616. The
cathodic electrode 2612 is removably coupled to the second
electrode connector 1232 of the frame assembly 1100, and
the anodic electrode 2616 is removably coupled to the fourth
electrode connector 1236 of the frame assembly 1100. Thus,
the cathodic electrode 2612 and the anodic electrode 2614
form at least a portion of the second channel Ch2. As shown,
in this embodiment, the first stimulation channel Chl is
operably disabled or otherwise non-functional, and thus no
stimulation is provided via the first stimulation channel Chl.
In some embodiments, no electrodes are coupled to the first
stimulation channel Chl, e.g., to the first electrode connector
1230 and/or the third electrode connector 1234. In such
embodiments, the unused electrode connectors 1230, 1234
can optionally have one or more connector covers disposed
thereon.
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[0191] The electric stimulator 1400 can be configured to
provide stimulation during a time period via the second
channel Ch2 such that an electrical current flows from the
stimulator 1400 to at least one of the cathodic electrode 2612
and the anodic electrode 2616 and from the cathodic elec-
trode 2612 and/or the anodic electrode 2616 into a portion
of the neuromuscular system of the limb and through a
portion of the neuromuscular system of the limb between the
cathodic electrode 2612 and the anodic electrode 2616. For
example, the electrical current can be caused to flow from
the cathodic electrode 2612 towards the anodic electrode
2616, as generally represented by arrow V in FIG. 34. In this
manner, although the system 1000 is configured for multi-
channel stimulation, the system 1000, and stimulator 1400
particularly, can be configured to selectively provide single-
channel stimulation of at least a portion of the neuromus-
cular system of the limb. In some embodiments, at least a
portion of the electrical current can be returned to the
stimulator 1400 from the tissue via the anodic electrode
2616 and the second channel Ch2. In some embodiments,
the stimulation is monopolar. In some embodiments, the
stimulation is bipolar.

[0192] In still another example, referring to FIG. 35, in
one embodiment, an electrode assembly 2700 includes a
cathodic electrode 2712 and an anodic electrode 2714. The
cathodic electrode 2712 is removably coupled to the second
electrode connector 1232 of the frame assembly 1100, and
the anodic electrode 2714 is removably coupled to the third
electrode connector 1234 of the frame assembly 1100. Thus,
the cathodic electrode 2510 forms at least a portion of the
second channel Ch2, and the anodic electrode 2714 forms at
least a portion of the first channel Ch1. The first electrode
connector 1230 and fourth electrode connector 1236 are
optionally not coupled to an electrode. As such, the unused
electrode connectors 1230, 1236 can optionally have one or
more connector covers disposed thereon to prevent the
inadvertent flow of electrical current therethrough during
FES with an orthosis 1050 including the electrode assembly
2700.

[0193] The electric stimulator 1400 can be configured to
provide stimulation during a time period via the second
channel Ch2 such that an electrical current flows from the
stimulator 1400 to the cathodic electrode 2712 and/or via the
first channel Chl such that an electrical current flows from
the stimulator 1400 to the anodic electrode 2714. More
particularly, the electric stimulator 1400 can be configured to
provide a flow of electrical current via the second channel
Ch2 to the cathodic electrode 2712 such that the cathodic
electrode 2712 provides the flow of electrical current to at
least a portion of a neuromuscular system of the limb such
that the electrical current flows through a portion of the
neuromuscular system of the limb between the cathodic
electrode 2712 and the anodic electrode 2714, as generally
represented by arrow W in FI1G. 35. At least a portion of the
electrical current can be returned to the stimulator 1400 from
the tissue via the anodic electrode 2714 and the first channel
Chl. In this manner, the electric stimulator 1400 can be
configured to provide cross-channel stimulation of the tissue
of the neuromuscular system of the limb. In some embodi-
ments, the stimulation is monopolar. In some embodiments,
the stimulation is bipolar.

[0194] Although the orthosis 1050 has been shown and
described herein with respect to FIG. 27 having a “common
anode” configuration and as including the first channel Chl
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formed in part by the first cathodic electrode 1220, the
anodic electrode 1224 and electrode connectors 1230, 1234
(and associated wiring), and the second channel Ch2 formed
in part by the second cathodic electrode 1222, the anodic
electrode and electrode connectors 1232, 1236 (and associ-
ated wiring), in other embodiments, the orthosis 1050 can
have a different “common anode” configuration. For
example, referring to FIG. 36, a system is configured for
stimulation of at least a portion of a neuromuscular system
of a limb (e.g., a leg) via a first channel Chl and a second
channel Ch2. The first channel Chl is formed, at least in
part, by a first cathodic electrode 2810, which is coupled to
the first electrode connector 1230 of the frame assembly
1100, and the anodic electrode 2814, via the fourth electrode
connector 1236 which is coupled to the anodic electrode
2814, as well as the stimulator 1400 and circuitry and/or
additional connectors therebetween. The second channel
Ch2 is formed, at least in part, by the second cathodic
electrode 2812, which is coupled to the second electrode
connector 1232 of the frame assembly 1100, and the anodic
electrode 2814, via the third electrode connector 1234 which
is coupled to the anodic electrode 2814, as well as the
stimulator 1400 and circuitry and/or additional connectors
therebetween. In some embodiments, the connection of
wiring (e.g., wires 1244, 1246) associated with the electrode
connectors 1234, 1236 to the electric stimulator 1400 is
reversed. In some embodiments, such as when an orthosis
including the electrode assembly 2800 is donned on the right
leg of the patient or another limb on the right half of the
patient’s body, the first channel Chl can be considered a
medial (stimulation) channel and the second channel Ch2
can be considered a lateral (stimulation) channel.

[0195] The electric stimulator 1400 is configured to pro-
vide stimulation during a time period via the first channel
Chl such that an electrical current flows from the first
cathodic electrode 1220 into the neuromuscular system of
the limb and through a portion of the neuromuscular system
of the limb between the first cathodic electrode 1220 and the
anodic electrode 1224. In some embodiments, at least a
portion of the electrical current flowing via the first channel
Chl is returned to the electric stimulator 1400 via the anodic
electrode 1224 and one or more of connectors 1234, 1236.
In some embodiments, the stimulation is monopolar. In other
embodiments, the stimulation is bipolar. The electric stimu-
lator 1400 is configured to provide stimulation during the
time period via the second channel Ch2 such that an elec-
trical current flows from the second cathodic electrode 1222
into the neuromuscular system of the limb and through a
portion of the neuromuscular system of the limb between the
second cathodic electrode 1222 and the anodic electrode
1224. In some embodiments, at least a portion of the
electrical current flowing via the second channel Ch2 is
returned to the electric stimulator 1400 via the anodic
electrode 1224 and one or more of connectors 1234, 1236.
In some embodiments, the stimulation is monopolar. In other
embodiments, the stimulation is bipolar.

[0196] Inthis manner, the system 100 can be considered to
be configured to provide two stimulation channels through
the neuromuscular system using a common anode, with a
current flow through the tissue generally represented by
arrows X and Y in FIG. 36. An FES system implementing
such a common anode configuration for providing FES to
neuromuscular system can provide a greater disbursement of
the flow of electrical current through the neuromuscular
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system than that provided by a single-channel stimulation
system. Additionally, because one or more parameters of the
current flow, such as the current’s intensity, along each
channel (i.e., the first channel Chl and the second channel
Ch2) are independently programmed to or selected by the
stimulator, the disbursement of the electrical current through
the neuromuscular system can be targeted or otherwise
manipulated by controlling the one or more parameters (e.g,,
increasing or decreasing a current’s amplitude), thereby
promoting a desired response by the neuromuscular system,
such as dorsiflexion, plantarflexion, inversion or eversion of
the foot.

[0197] Although the orthosis 1050 has been shown and
described herein with respect to FIG. 30 as including an
electrode assembly 2200 including two electrodes (i.e.,
electrodes 2212, 2214) coupled to the orthosis 1050 such
that the first channel Chl is formed in part by the anodic
electrode 2214 and electrode connector 1234 (and associated
wiring), and the second channel Ch2 formed in part by the
cathodic electrode 2212 and electrode connector 1236 (and
associated wiring), in other embodiments, the orthosis 1050
can have a different configuration for use with an electrode
assembly including two electrodes (e.g., a single cathodic
electrode and a single anodic electrode).

[0198] Forexample, referring to FIG. 37, a system accord-
ing to an embodiment is configured for use with a “quick-fit”
electrode assembly including two electrodes (e.g., a cathodic
electrode 2912 and an anodic electrode 2914) having a
different channel configuration than that shown in FIG. 30.
A first male connector (not shown) of the electrode assembly
2900 1s configured to be coupled to the electrode connector
1232 of the frame assembly 1100 to electrically couple the
cathodic electrode 2912 to the electric stimulator 1400, The
cathodic electrode 2912 has a size and shape such that the
electrode 2912 overlies the connector 1236 of the frame
assembly 1110, thereby being configured to prevent inad-
vertent stimulation of the tissue via the connector 1236. A
second male connector (not shown) of the electrode assem-
bly 2900 is configured to be coupled to the connector 1234
of the frame assembly 1100 to electrically couple the anodic
electrode 2914 to the electric stimulator 1400. The anodic
electrode 2914 has a size and shape such that the electrode
2914 overlies the connector 1230 of the frame assembly
1110, thereby being configured to prevent inadvertent stimu-
lation of the tissue via the connector 1230.

[0199] The system 1000 includes a second stimulation
channel Ch2 formed, at least in part, by the cathodic
electrode 2912, electrode connector 1232, anodic electrode
2914 and electrode connector 1234. Although the system
1000 is configured to provide stimulation via a first stimu-
lation channel Chl, in the embodiment shown in FIG. 37,
the first stimulation channel Chl is selectively unused or
non-functional. In some embodiments, the connection of
wiring (e.g., wires 1244, 1246) between the electrode con-
nectors 1234, 1236 and the electric stimulator 1400 is
reversed to facilitate functionality of the second channel
Ch2. In some embodiments, such as when an orthosis
including the electrode assembly 2800 is donned on the right
leg of the patient or another limb on the right half of the
patient’s body, the first channel Chl can be considered a
medial (stimulation) channel and the second channel Ch2
can be considered a lateral (stimulation) channel.

[0200] The electric stimulator 1400 is configured to pro-
vide stimulation during a time period via the second channel
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Ch2 such that an electrical current flows from the cathodic
electrode 2912 into the neuromuscular system of the limb
and through a portion of the neuromuscular system of the
limb between the cathodic electrode 2912 and the anodic
electrodes 2914, as represented by arrow Z in FIG. 37. At
least a portion of the current flowing into the tissue via the
second channel Ch2 can be returned (or flow) from the tissue
to the stimulator 1400 via the anodic electrode 2914 and the
second channel Ch2.

[0201] Although the system 1000 has been illustrated and
described herein with respect to FIG. 35 as being configured
for cross-channel stimulation utilizing an electrode assem-
bly 2700 including a panel with a first electrode 2712
coupled to the second electrode connector 1232 and forming
a portion of a second stimulation channel Ch2, and a second
electrode 2714 coupled to the third electrode connector 1234
and forming a portion of a first stimulation channel Chl, in
other embodiments, a system can define such a channel
arrangement using one or more conventional electrodes
(e.g., hydrogel, cloth, small cloth, or the like).

[0202] For example, referring to FIG. 38, an electrode
assembly 2750 includes a cathodic electrode 2762 and an
anodic electrode 2764. The cathodic electrode 2762 can be
removably coupled to the second electrode connector 1232
of the frame assembly 1100, and the anodic electrode 2764
can be removably coupled to the third electrode connector
1234 of the frame assembly 1100, which collectively form
at least a portion of the second channel Ch2. Although the
system is configured to provide stimulation via a first
stimulation channel Chl, in the embodiment shown in FIG.
38, the first stimulation channel Chl is selectively disabled,
unused or otherwise non-functional. In some embodiments,
the connection of wiring (e.g., wires 1244, 1246) between
the electrode connectors 1234, 1236 and the electric stimu-
lator 1400 is reversed to facilitate functionality of the second
channel Ch2. The first electrode connector 1230 and fourth
electrode connector 1236 are optionally not coupled to an
electrode. As such, the unused electrode connectors 1230,
1236 can optionally have one or more connector covers
disposed thereon to prevent the inadvertent flow of electrical
current therethrough during FES with an orthosis 1050
including the electrode assembly 2750.

[0203] The electric stimulator 1400 can be configured to
provide stimulation during a time period via the second
channel Ch2 such that an electrical current flows from the
stimulator 1400 to the cathodic electrode 2762 to at least a
portion of the neuromuscular system of the limb, such that
the electrical current flows through a portion of the neuro-
muscular system of the limb between the cathodic electrode
2762 and the anodic electrode 2764, as generally represented
by arrow AA in FIG. 38. In some embodiments, at least a
portion of the electrical current can be returned to the
stimulator 1400 from the tissue via the anodic electrode
2764 and the second channel Ch2. In some embodiments,
the stimulation is monopolar. In some embodiments, the
stimulation is bipolar.

[0204] Another embodiment of an orthosis system 500
that can be used for the functional electrical stimulation of
a target body tissue (e.g., nerve, muscle, ligaments, etc.) is
schematically illustrated in FIG. 47. The orthosis system 500
can include an orthosis device 505 and, optionally, a sensor
530 and/or a control unit 560. The orthosis device 505
includes a first orthosis member 510, a second orthosis
member 520, a connector 580 and an electric stimulator 540.
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[0205] The first orthosis member 510 includes one or more
electrodes 515 removably couplable to the first orthosis
member 512. The second orthosis member 520 includes one
or more electrodes 525 removably couplable to the second
orthosis member 522. The first orthosis member 510 and the
second orthosis member 520 are each configured to be
coupled to a limb 501 of a patient such that the one or more
electrodes 515 and 525 contact the skin of the patient. For
example, the first orthosis member 510 and the second
orthosis member 520 can each be coupled to an arm or aleg
of the patient. For example, the first orthosis member 510
can be coupled to a first portion of the limb and the second
orthosis member 520 can be coupled to a second portion of
the limb different from the first portion. The first portion of
the limb and second portion of the limb can be spaced apart
by a non-zero distance from the first orthosis member.

[0206] At least one of the first orthosis member 510 and
the second orthosis member 520 can be configured to at least
partially envelop the limb 501 of the patient. For example,
one or both of the orthosis members 510, 520 can be curved
or contoured to be disposed about a portion of the limb 501.
In some embodiments, at least one of the orthosis members
510, 520 has a substantially C-shaped cross-sectional profile
(e.g., when the cross-section is taken across a horizontal
plane). The orthosis members 510, 520 can be formed from
any suitable biocompatible materials. In some embodiments,
at least one orthosis member 510, 520 is formed from a
semi-rigid material such as, for example, a relatively thin
metal, a thermoplastic, a polymer, and/or the like, which can
enable the orthosis member to provide structural support for
the orthosis device 505.

[0207] The first orthosis member 510 can be coupled to or
otherwise joined with the second orthosis member 520, for
example, by a bridge connector 580. In some embodiments,
the bridge connector 580 can limit movement of the second
orthosis member 522 relative to the first orthosis member
512 along a longitudinal axis of the limb on which the
orthosis device 505 is coupled. In some embodiments, the
connector 580 can limit movement of the second orthosis
member 522 relative to the first orthosis member 512 in a
direction along a longitudinal axis of the connector 580. In
use, when the orthosis device 505 is donned on the limb of
the patient, each of the first orthosis member 510 and the
second orthosis member 520 can be extended about the limb
of the patient along substantially parallel horizontal axes and
the bridge connector 580 can be extended between the first
orthosis member 510 and the second orthosis member 520
along a substantially vertical axis.

[0208] In some embodiments, the first orthosis member
510 and the second orthosis member 520 can each include
a strap configured to secure the orthosis member to the limb
of the patient. For the sake of clarity, the strap of the orthosis
device 505 is described herein with respect to the first
orthosis member 510, however, it should be understood that
the strap of the second orthosis member 520 can be similarly
configured and/or associated with the second orthosis mem-
ber 520 in a similar manner. In some embodiments, the strap
length is adjustable. In some embodiments, the strap has a
fixed, non-adjustable length. The strap can include a first
coupling mechanism to couple a first end portion of the strap
to the first orthosis member 510. In some embodiments, the
first end portion of the strap is releasably coupled to the first
orthosis member 510. In some embodiments, the first end
portion of the strap is releasably coupled to the first orthosis
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member 510, and includes a locking mechanism configured
to prevent the inadvertent or unintentional release of the first
end portion of the strap from the first orthosis member 510.
In other embodiments, the first end portion of the strap is
fixedly coupled to the first orthosis member 510. The strap
can include a second coupling mechanism to releasably
couple a second end portion of the strap to the first orthosis
member 510.

[0209] The electrode(s) 515 and 525 can each be coupled
to an interior surface of the panels 512 and 522, respectively,
with for example, hook and loop (e.g., Velcro®) patches,
press-studs, snaps, magnets, or specialized holders that press
a conductive back of the electrode(s) 515 and 525 against a
conductive stud or panel inside the orthosis members 510
and 520, or a combination thereof. The electrode(s) 515 and
525 can each make electrical contact with the skin and can
include a conductive pad assembly that is held onto a part of
the body with the orthosis members 510, 520. In some
embodiments, the electrode(s) 515 and/or the electrode(s)
525 can be hydrogel electrodes. In some embodiments, the
electrode(s) 515 and/or the electrode(s) 525 can be cloth
electrodes. For example, in some embodiments, the elec-
trode(s) 515 and/or electrode(s) 525 can include a metal
mesh conductor and an absorbent pad, all of which can be
soaked in water. For example, the electrode(s) 515 and/or
the electrode(s) 525 can include a pad formed with an
absorptive material, such as felt, cloth, velvet, viscose, etc.,
such that the pad can be saturated with liquid (e.g., water)
prior to use. In some embodiments, the electrode(s) 515
and/or the electrode(s) 525 can include a base or panel
portion that can be attached to an interior surface of the
orthosis 505. In some embodiments, for example, the elec-
trode(s) 515 and/or the electrode(s) 525 can be included in
an electrode assembly such that the electrode(s) are fixedly
coupled to a panel of the electrode assembly, and the
electrode assembly is removably coupleable to the first
and/or second orthosis 510, 520, respectively, in a similar
manner as described herein with respect to orthosis 1050.
The electrode(s) 515 and the electrode(s) 525 can be remov-
ably coupled to the first orthosis member 512 and the second
orthosis member 522, respectively, such that the electrode(s)
515 and 525 can be easily removed and replaced as needed.
The electrode(s) 515 and 525 can be, for example, dispos-
able.

[0210] In some embodiments, the electrode(s) 515 can be
selectively positioned on the first orthosis member 512
and/or the electrode(s) 525 can be selectively positioned on
the second orthosis member 522. For example, the first
orthosis member 512 and/or the second orthosis member
522 can include a marking ring indicating where an elec-
trode 515 or 525 is to be positioned for a particular treatment
and/or a particular patient. In some embodiments, one or
more electrodes 515 and/or 525 can be positioned centered
on the first orthosis member 512 and/or the second orthosis
member 522. In some embodiments, one or more electrodes
515 and/or 525 can be positioned off-center on the first
orthosis member 512 and/or the second orthosis member
522.

[0211] The orthosis device 505 can also include a locator
(not shown in FIG. 47). At least a portion of the orthosis
device 505 can include a locator configured to facilitate
proper positioning of the orthosis device 505 with respect to
the limb of the patient, as described in more detail herein
with reference to embodiments. The locator can be tactile,
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visual, or any combination thereof. The visual can be for
example, a mark, a cutout, a raised element, a recessed
element, a separate element coupled to the orthosis device
505, etc. For example, at least one of the first orthosis
member 510, second orthosis member 510 or the bridge
connector 580 includes an elongate visual locator disposed
on the orthosis device 505 along a centerline of the bridge
connector 580. The visual locator can be configured, for
example, to be substantially aligned with a midline or other
predetermined location of the patient’s quadriceps and/or
hamstrings. In another example, at least one of the first
orthosis member 510, second orthosis member 510 or the
bridge connector 580 includes a tactile locator disposed on
the orthosis device 505 along a centerline of the bridge
connector 580. The tactile locator can be, for example, a
recessed defined by the portion of the orthosis device 505 or
a raised portion of the orthosis device 505. The tactile
locator can be configured, for example, to be substantially
aligned with a midline or other predetermined location of the
patient’s quadriceps and/or hamstrings.

[0212] The first orthosis member 510 and/or the second
orthosis member 520 can include a cradle configured to
receive the electric stimulator 540. The electric stimulator
540 can be similar in many respects, or identical to, any
electric stimulator described herein (e.g., electric stimulator
140, 1400). In some embodiments, the electric stimulator
540 can be coupled to the cradle with a snap-fit coupling
such that the electric stimulator 540 can be removed from
the orthosis member as needed. The electric stimulator 540
can be used to generate and send a signal to the electrode(s)
515 and/or the electrode(s) 525 to stimulate a portion of the
patient’s body. In some embodiments, the electric stimulator
540 can send a signal to the electrode(s) 515 and/or the
electrode(s) 525 with a wired connection. For example, the
electric stimulator 540 can be operatively connected to the
first electrode(s) 515 on the first orthosis member 510 and
the connector 580 can include an electrical conductor opera-
tively coupling the first electrode(s) 515 and/or the electric
stimulator 540 to the electrode(s) 525 on the second orthosis
member 520. In some embodiments, the electric stimulator
540 can communicate with the electrode(s) 515 and/or the
electrode(s) 525 with a radio frequency (RF) signal.

[0213] The electric stimulator 540 can receive a signal
from the control unit 560, the sensor 530, and/or an electric
stimulator of a different orthosis device (e.g., a lower leg
orthosis device, such as orthosis 105, 1050, described
herein) to turn the stimulation on and off. The electric
stimulator 540 can receive a signal from the control unit 560,
the sensor 530, and/or an electric stimulator of a different
orthosis device (e.g., a lower leg orthosis device, such as
orthosis 105, 1050, described herein) to indicating a prede-
termined stimulation program that should be initiated and
applied to the electrodes 515, 525. The stimulator 540 can
include a rechargeable battery and indicator lights (each not
shown in FIG. 47), such as a status light and a stimulation
light. The electric stimulator 540 can include a port to
receive a charging unit (not shown), such as an AC adapter,
to charge a rechargeable battery. The electric stimulator 540
can be configured to emit both visual and audio alerts.

[0214] The sensor 530 can be similar in many respects, or
identical to, any sensor described herein (e.g., sensor 130,
sensor 1300). In some embodiments, the sensor 530 is a gait
sensor. The gait sensor 530 can include, for example, a
pressure or motion sensor (not shown in FIG. 47) and a
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transmitter (not shown in FIG. 47) that can communicate
wirelessly with the electric stimulator 540. The pressure
sensor can detect a heel-off event and a heel-on event. The
transmitter can send a signal to the electric stimulator 540 in
response to the detecting the heel-off event or heel-on event
such that, upon receipt of such signal, the electric stimulator
540 provides an electrical current to the electrodes to
provide FES to move the limb (e.g., thigh, knee, foot)
accordingly. The sensor 530 can be positioned under the
insole of the shoe to be worn by the patient on the affected
leg to be treated, and can be attached to a gait sensor pad (not
shown in FIG. 47). In some embodiments, the sensor 530
can be positioned under the insole of the shoe on the
unaffected leg. The transmitter can be worn clamped to an
inner rim of the patient’s shoe. The gait sensor 530 can be
transferred between different shoes (e.g., different styles,
right or left). The gait sensor 530 can be powered with, for
example, a non-rechargeable or disposable battery. Other
examples of a gait sensor that can be used with the orthosis
system 100 are described, for example, in U.S. Pat. No.
7,632,239, which is incorporated herein by reference in its
entirety.

[0215] In one example use, the orthosis device 505 can be
disposed about a first portion of a thigh of a patient such that
the electrode(s) 515 on the first orthosis member 510 and the
electrode(s) 525 on the second orthosis member 520 can
each stimulate a different portion of a hamstring muscle of
the patient. The patient can reposition the orthosis 120 on the
thigh such that the electrode(s) 515 on the first orthosis
member 510 and the electrode(s) 525 on the second orthosis
member 520 can each stimulate a different portion of the
thigh. For example, the orthosis 120 can be disposed about
a first portion of a thigh of a patient such that the electrode(s)
515 on the first orthosis member 510 and the electrode(s)
525 on the second orthosis member 520 can each stimulate
a different portion of a quadriceps muscle or quadriceps
muscle group and/or the nerves associated with those
muscles of the patient. In another example, both the first
orthosis member 510 and the second orthosis member 520
can both be configured to stimulate different portions of a
hamstring muscle or the nerves associated with the ham-
string muscle.

[0216] FIGS. 48-65 illustrate a system 5000 including an
orthosis device 5050 according to an embodiment. The
orthosis device 5050 includes a first orthosis member 5100,
a second orthosis member 5200, a bridge connector 5800
and a stimulator unit 5400. The first orthosis member 5100,
the second orthosis member 5200 and the bridge connector
5800 collectively form a frame assembly 5055 of the ortho-
sis 5050. As described herein with respect to other orthosis
devices (e.g., orthosis 105, 1050, orthosis device 500), the
orthosis device 5050 can be used to provide electrical
stimulation to a portion of a limb of a patient, such as for
example, an arm or a leg of the patient. For example, the
orthosis 5050 can be configured to provide electrical stimu-
lation to the leg of the patient resulting in knee flexion and/or
knee extension. In some embodiments, the orthosis device
5050 can be disposed on a thigh of a patient such that the
first orthosis member 5100 is disposed at a first distance
from the knee of the patient and the second orthosis member
5200 is disposed at a second distance from the knee that is
greater than the first distance.

[0217] The first orthosis member 5100 includes a first
panel or cuff 5120 and the second orthosis member 5200
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includes a second panel or cuff 5220. The bridge connector
5800 couples the first orthosis member 5100 to the second
orthosis member 5200, and more specifically couples the
first cuff 5120 to the second cuff 5220. As shown in FIGS.
48-50, the bridge connector 5800 is fixedly coupled to each
of the first orthosis member 5100 and the second orthosis
member 5200. As such, a distance between the first orthosis
member 5100 and the second orthosis member 5200 is fixed.
In other words, the first orthosis member 5100 is spaced
apart from the second orthosis member 5200 by a predeter-
mined distance, and thus a first electrode 5150 associated
with the first orthosis member 5100 and a second electrode
5250 associated with the second orthosis member are spaced
apart by a predetermined (or fixed) distance. In some
embodiments, an inner surface of at least one of the first cuff
5120 or the second cuff 5220 includes a textured or con-
toured portion configured to prevent movement of the ortho-
sis device 5050 with respect to the limb of the patient. For
example, as shown in FIG. 50, the second cuff 5220 defines
a set of concave recesses or pores 5229. The pores 5229 help
to create friction between the second cuff 5220 and the skin
of the patient, and thus help to prevent movement of the
orthosis device 5050 with respect to the patient’s limb (e.g.,
to prevent slippage of the orthosis 5050 during use).

[0218] The first orthosis member 5100 includes a first set
of electrode connectors 5122 and the second orthosis mem-
ber 5200 includes a second set of electrode connectors 5222.
Each set of electrode connectors 5122, 5222 is substantially
aligned or centered with a centerline CL of the bridge
connector 5800, as shown in FIG. 50. In other embodiments,
however, at least one electrode connector can be offset from
the centerline of the bridge connector. As shown in FIG. 52,
a first electrode 5150 can be removably coupled to an inner
surface of the first cuff 5120 via the first set of electrode
connectors 5122 and a second electrode 5250 can be remov-
ably coupled to an inner surface of the second cuff 5220 via
the second set of electrode connectors 5222. In some
embodiments, the orthosis members 5100, 5200 and the
bridge member 5800 define one or more inner or recessed
channels (not shown) between the electrode connectors
5122, 5222 and the connectors of the cradle 5010, such that
wires or the like can be disposed in the channels for
electronically coupling the electrode connectors 5122, 5222
to the stimulator 5400 via the cradle.

[0219] The first orthosis member 5100 and the second
orthosis member 5200 are each configured to be coupled to
a limb of a patient such that the first electrode 5150 and the
second electrode 5250 can each contact the skin of the
patient. The first electrode 5150 and the second electrode
5250 can each be any suitable electrode described herein.
For example, at least one of the electrodes 5150, 5250 can
include a metal mesh conductor and an absorbent pad, all of
which can be soaked in water. For example, at least one of
the electrodes 5150, 5250 can include a pad formed with an
absorptive material, such as felt, cloth, velvet, viscose, etc.,
such that the pad can be saturated with liquid (e.g., water)
prior to use. In another example, at least one of the first
electrode 5150 or the second electrode 5250 can be a
hydrogel electrode.

[0220] The first electrode 5150 and the second electrode
5250 are each substantially aligned or centered with a
centerline CL of the bridge connector 5800 as shown in FIG.
53 when coupled to the sets of electrode connectors 5122,
5222, respectively. Each electrode 5150, 5250 has a width
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greater than a length of the electrode and defines a centerline
that can be substantially aligned or centered with the cen-
terline CL of the bridge connector 5800 when coupled to the
respective cuff 5120, 5220. The first electrode 5150 and the
second electrode 5250 can each be removably coupled to the
first cuff 5120 and the second cuff 5220, respectively, with
a snap-fit connection, as shown in FIGS. 52-53. The snap-fit
connectors (also referred to herein as “snaps”™) 5152, 5252 of
the electrodes 5150, 5250 are centered with respect to the
width of the electrode and vertically arranged with respect to
the height of the electrode such that the snap-fit connectors
are substantially aligned or centered with the centerline CL
of the bridge connector 5800, thus enabling the electrode
5150, 5250 alignment with respect to the bridge connector
5800 described above.

[0221] In some embodiments, the snap-fit connectors
5152, 5252 are sized to enhance the stability of the snap-fit
connection. For example, one or more of the snap-fit con-
nectors 5152, 5252 can have a diameter of 4.2 mm, which
provides for greater stability of the snap-fit connection, than,
for example, that provided by a snap-fit connector having a
diameter of 3.96 mm.

[0222] In some embodiments, the snap-fit connections
may be uniquely shaped or sized to ensure the use of the
appropriate electrodes. For example, as shown in FIG. 52,
the male snap connectors 5152 of the first electrode 5150 are
spaced apart by a predetermined distance D1, and the male
snap connectors 5252 of the second electrode 5250 are
spaced apart by a predetermined distance D2 different than
the predetermined distance D1. For example, the distance
D1 between the snap connectors 5152 of the first electrode
5150 is less than the distance between the snap connectors
5252 of the second electrode 5250. The female snap con-
nectors of the corresponding set of electrode connectors
5122, 5222, respectively, are spaced apart by corresponding
predetermined distances. In this manner, the electrode con-
nectors 5122, 5222 of orthosis 5050 are configured to ensure
the correct electrode 5150, 5250, respectively, is placed on
the correct cuff 5120, 5220, respectively. As discussed
herein, the orthosis 5050 is configured to be coupled to the
limb of the patient in at least two positions, such as for
stimulation of the quadriceps muscles or the hamstring
muscles. As such, coupling of the electrodes 5150, 5250 to
the cuffs 5120, 5220, respectively, helps to ensure proper
placement of the electrodes with respect to the target tissue,
for example, as shown in FIG. 54 (for the quadriceps
muscles) and FIG. 55 (for the hamstring muscles).

[0223] In some embodiments, each of the snap-fit connec-
tors can be different shapes to ensure the correct electrode is
placed on the correct cuff. In some embodiments, at least one
of the first cuff 5120 or the second cuff 5220 can include a
locator marking (not shown) on one of the electrode con-
nectors 5122, 5222, and the corresponding electrode 5150,
5250 can include a corresponding marking (not shown)
disposed on the snap connector 5152, 5252, which collec-
tively indicate to the user the correct electrode placement
with respect to the correct cuff.

[0224] Although the electrodes 5150, 5250 are shown and
described herein as being substantially centered with respect
to the centerline CL of the bridge connector 5800, in other
embodiments at least one of the first electrode 5150 or the
second electrode 5250 can be disposed offset from the
centerline CL defined by the bridge connector 5800. Said
another way, although the electrode connectors 5122, 5222
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are shown and described with respect to FIG. 52 as being are
centered, and thus the electrodes 5150, 5250 can only be
oriented in a centered position, it should be understood that
in some embodiments, at least one of the electrode connec-
tors or the snap connectors on the corresponding electrodes
can be differently configured or positioned to allow for
different or offset positioning of the at least one electrode
with respect to its corresponding cuff and/or the bride
connector 5800. In some embodiments, multiple electrode
connectors may be provided on each of the cuffs 5120, 5220
to provide for multiple possible orientations of the elec-
trodes 5150, 5250.

[0225] The orthosis device 5050 can also include a set of
locators configured to facilitate proper positioning of the
orthosis device 5050 with respect to the limb of the patient,
as described in more detail herein. Referring to FIGS. 48-51,
the first orthosis member 5100 includes a first locator 5102
configured to provide a tactile indication to the user indica-
tive of the centerline CL of the bridge connector 5800. As
shown, the first locator 5102 is formed by a recess or
concavity along an edge (e.g., a distal edge) of the first cuff
5120. The first locator 5102 is configured to be aligned with
a predetermined location of the patient’s anatomy (e.g., a
midline of the limb with respect to the quadriceps and/or
hamstrings, proximally about a portion of the patella, or the
like). The second orthosis member 5200 includes a second
locator 5202 that substantially mirrors the first locator 5102,
and is configured to provide a tactile indication to the user
indicative of the centerline of the bridge connector 5800.
The second locator 5202 is formed by a recess or concavity
along an edge (e.g., a proximal edge) of the second cuff
5220. The second locator 5202 is configured to be aligned
with a predetermined location of the patient’s anatomy (e.g,,
a midline of the limb with respect to the quadriceps and/or
hamstrings). A third locator 5104 is disposed along the
centerline CL of the bridge member 5800. As shown in FIG.
48, the third locator 5104 is configured to provide a visual
indication of the position of the orthosis 5050. The third
locator 5104 is an elongate marking substantially aligned
with the centerline CL of the bridge member 5800, however,
in other embodiments, the visual locator can have a different
shape or be differently positioned with respect to the orthosis
5050.

[0226] The first orthosis member 5100 includes a first
strap assembly 5130 and the second orthosis member 5200
includes a second strap assembly 5230. The first strap
assembly 5130 includes a strap member 5132 and the second
strap assembly 5230 includes a strap member 5232 as
shown, for example, in FIG. 57. Coupling members 5134,
5234 are coupled to first end portions of the first strap
member 5132 and the second strap member 5232, respec-
tively, and are configured to couple the strap members 5132,
5232 to the cuffs 5120, 5220, respectively, as described
herein. The coupling member 5134, 5234 and its respective
strap member 5132, 5134 can be coupled via any suitable
mechanism including, for example, an adhesive, a weld, a
resistance fit, or the like, or any combination thereof.

[0227] A retaining member 5140 is coupled to the first end
of the first cuff 5120. The retaining member 5140 includes
a protrusion 5141 defining a channel 5142 that is open
towards the first cuff 5120 (or in a direction away from the
strap member 5132). The channel 5142 of the retaining
member 5140 is configured to matingly receive at least a
portion of the coupling member 5134 of the first strap
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assembly 5130 therein. The retaining member 5140 of the
first cuff 5120 defines an elongate aperture or slot 5143 in
fluid communication with the channel 5142. In some
embodiments, the slot 5143 extends through the retaining
member 5140 to an inner surface (e.g., a surface facing the
patient’s body when the orthosis 5050 is donned on the limb)
of the retaining member 5140 of the first cuff 5120. The slot
5143 is configured to receive a nub 5135 of the coupling
member 5134 such that the nub 5135 engages a portion of
the retaining member 5140 defining the slot 5143.

[0228] In use, the coupling member 5134 of the first strap
assembly 5130 is disposed about the retaining member 5140
of the first cuff 5120 such that the protrusion 5142 of the
retaining member 5140 is received in an opening 5136
defined by the coupling member 5134, such that a portion of
the coupling member 5134 is received in the channel 5142
of the retaining member 5140, and such that the nub 5135 is
received in the slot 5143. The foregoing configuration is
configured to couple the strap member 5132 of the first strap
assembly 5130 to the first end of the first cuff 5120 such that
the coupling member 5134 of the first strap assembly can be
selectively uncoupled from the retaining member 5140, but
such that inadvertent decoupling therebetween is substan-
tially prevented. In other words, the coupling between the
coupling member 5134 of the first strap assembly 5130 and
the retaining member 5140 of the first cuff 5120 must be
overcome by an amount of force and/or angle of movement
that is greater than that encountered during normal use of the
orthosis (e.g., greater than shear forces encountered during
a gait event). As such, while the coupling member 5134 of
the first strap assembly 5130 is configured to be releasable
from the retaining member 5140 of the first cuff 5120, it is
also configured to not be unintentionally disconnected there-
from. In other embodiments, however, the coupling member
5134 of the first strap assembly 5130 can be fixedly coupled
to the retaining member 5140 of the first cuff 5120.

[0229] Similarly, a retaining member 5240 is coupled to a
first end of the second cuff 5220. The retaining member 5240
includes a protrusion 5241 defining a channel (not shown)
that is open towards the second cuff 5220. The channel 5242
is configured to matingly receive at least a portion of the
coupling member 5234 of the strap member 5232 of the
second strap assembly 5230 therein. The retaining member
5240 defines an elongate aperture or slot (not shown) in fluid
communication with the channel. In some embodiments, the
slot extends through the retaining member 5240 to an inner
surface (e.g., a surface facing the patient’s body when the
orthosis 5050 is donned on the limb) of the retaining
member 5240. The slot is configured to receive a nub (not
shown) of the coupling member 5234 such that the nub
engages a portion of the retaining member 5240 defining the
slot.

[0230] In use, the coupling member 5234 of the strap
member 5232 of the second strap assembly 5230 is disposed
about the retaining member 5240 of the second cuff 5220
such that the protrusion 5242 of the retaining member 5240
is received in an opening 5236 defined by the coupling
member 5234, such that a portion of the coupling member
5234 is received in the channel 5242 of the retaining
member 5240, and such that the nub is received in the slot.
The foregoing configuration is configured to couple the strap
member 5232 of the second strap assembly 5230 to the first
end of the second cuff' 5220 such that the coupling member
5234 can be selectively uncoupled from the retaining mem-
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ber 5240, but such that inadvertent uncoupling is substan-
tially prevented. In other words, the coupling between the
coupling member 5234 of the strap member 5232 and the
retaining member 5240 of the first cuff 5220 must be
overcome by an amount of force and/or angle of movement
that is greater than that encountered during normal use of the
orthosis 5050 (e.g., greater than shear forces encountered
during a gait event). As such, while the coupling member
5234 is configured to be releasable from the retaining
member 5240, it is also configured to not be unintentionally
disconnected therefrom. In other embodiments, however,
the coupling member 5234 can be fixedly coupled to the
retaining member 5240.

[0231] As shown in FIG. 57, buckles 5164, 5264 are
coupled to second end portions of the first strap member
5132 and the second strap member 5232, respectively, and
are configured to couple the strap members 5132, 5232 to
second end portions of the first cuff 5120 and second cuff
5220, respectively, as described herein. Each buckle 5164,
5264 and its respective strap member 5132, 5134 can be
coupled via any suitable mechanism including, for example,
an adhesive, a weld, a resistance fit, or the like, or any
combination thereof.

[0232] Retaining members 5170, 5270 are coupled to
second end portions of the first cuff 5120 and the second cuff
5220, respectively (see, e.g., FIG. 50). The retaining mem-
bers 5170, 5270 can have similar features and/or function as
the retaining member 5140, 5240 described above. The
retaining member 5170 of the first cuff 5120 defines a
channel (not shown) that is open towards the cuff 5120 (or
in a direction away from the strap member 5132 coupled
thereto). The channel of the retaining member 5170 is
configured to matingly receive at least a portion of the
buckle 5164 therein. For example, the buckle 5164 can
include an elongate member 5168 disposed across the
buckle 5164 between a first opening 5165 defined by the
buckle 5164 and a second opening 5167 defined by the
buckle. The buckle 5164 can be at least partially disposed
about the retaining member 5170 such that at least a portion
of the retaining member 5170 is disposed within the second
opening 5167 of the buckle 5164 and such that the elongate
member 5168 is at least partially disposed in the channel
defined by the retaining member 5170 of the second end of
the first cuff 5120 (see, e.g., FIG. 61). In this manner, the
buckle 5164 is configured to be coupled to the retaining
member 5170, and thus the first strap member 5130 can be
coupled to the second end of the first cuff 5120. In some
embodiments, as shown in FIG. 62, the buckle 5164 and the
retaining member 5170 collectively define a low profile,
which helps to prevent the inadvertent decoupling of the
buckle 5164 during use. The buckle 5264 associated with the
second strap member 5230 and its respectively retaining
member 5270 can similarly define a low profile.

[0233] Similarly, the retaining member 5270 of the second
cuff 5220 defines a channel (not shown) that is open towards
the cuff 5220 (or in a direction away from the strap member
5232 coupled thereto). The channel of the retaining member
5270 is configured to matingly receive at least a portion of
the buckle 5264 therein. For example, the buckle 5264 can
include an elongate member 5268 disposed across the
buckle 5264 between a first opening 5265 defined by the
buckle 5264 and a second opening 5267 defined by the
buckle. The buckle 5264 can be at least partially disposed
about the retaining member 5270 such that at least a portion
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of the retaining member 5270 is disposed within the second
opening 5267 of the buckle 5264 and such that the elongate
member 5268 is at least partially disposed in the channel
defined by the retaining member 5270 of the second end of
the first cuff 5220. In this manner, the buckle 5264 is
configured to be coupled to the retaining member 5270, and
thus the second strap member 5230 can be coupled to the
second end of the second cuff 5220. In some embodiments,
the buckle 5264 and the retaining member 5270 collectively
define a low profile, which helps to prevent the inadvertent
decoupling of the buckle 5264 during use, in a similar
manner as that described above with respect to buckle 5164.
In this manner, the buckles 5164, 5264 are configured to
reversibly couple the strap members 5130, 5230 to the
second end portions of the cuffs 5110, 5120.

[0234] In some embodiments, the first cuff 5120 includes
a grip feature 5121 disposed proximate at least one of the
retaining members 5140, 5170 to facilitate coupling of the
coupling member 5134 and/or the buckle 5164, respectively,
to its respective retaining member 5140, 5170. Similarly, in
some embodiments, the second cuff 5220 includes a grip
feature 5221 disposed proximate at least one of the retaining
member 5240, 5270 to facilitate coupling of the coupling
member 5234 and/or the buckle 5264, respectively, to its
respective retaining member 5240, 5270.

[0235] At least one of the first strap assembly 5130 and the
second strap assembly 5230 can be adjustable such that the
orthosis device 5050 can be adjustably sized to fit a par-
ticular limb and/or particular patient. For example, in some
embodiments, a length of the strap member 5132 is adjust-
able with respect to the buckle 5164 of the first strap
assembly 5130 and/or a length of the strap member 5232 is
adjustable with respect to the buckle 5264 of the second
strap assembly 5230. In some embodiments, the length of at
least one strap member 5132, 5232 is fixed. In some embodi-
ments, strap assemblies are available in various lengths, and
one or more strap assemblies are chosen based on the
anatomy of a particular patient. For example, a kit can
include one, two, three, four or more strap assemblies each
having a different length, such that one of the strap assem-
blies of the kit can be selected for use with a particular
patient. In some embodiments, at least one strap assembly
5130, 5230 includes a strap cover, as shown in FIG. 63. The
strap cover 5030 is configured to be disposed about at least
a portion of a strap member 5132, 5232. The strap cover
5030 can be made of any suitable material. In some embodi-
ments, the strap cover 5030 has a length that is greater than
its width. In some embodiments, the strap cover 5030 has a
width of about 60 mm.

[0236] As shown in FIGS. 56 and 57, the orthosis 5050
can include a strap holder 5052. The strap holder 5052
defines a first passageway 5054 through which at least a
portion of the first strap member 5132 can be disposed, and
a second passageway 5056 through which at least a portion
of the second strap member 5232 can be disposed. As such,
the strap holder 5052 is configured to maintain the portion
of the first strap member 5132 spaced apart from the portion
of the second strap member 5232. Said another way, the
strap holder 5052 is configured to maintain a minimum
distance between portions of the strap members 5132, 5232
of the first and second cuffs 5120, 5220, respectively, and a
maximum distance between the portions of the strap mem-
bers 5132, 5232 of the first and second cuffs 5120, 5220,
respectively. The strap holder 5052 is configured to disburse
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a pressure applied by the strap members 5132, 5232 across
the surface area of the strap holder 5052, and thus reduces
the amount of direct pressure produced by the strap mem-
bers 5132, 5232 on the limb. An inner surface 5058 of the
strap holder 5052 can be configured to help resist movement
(e.g., slipping or sliding) of the strap members 5132, 5232
with respect to the limb of the patient. For example, in some
embodiments, the inner surface 5058 includes silicone dis-
posed thereon to help maintain the position of the strap
holder 5052, and thus the strap members 5132, 5232, with
respect to the limb. In some embodiments, the strap holder
5052 can include a locator (e.g., visual and/or tactile) to
facilitate proper placement of the orthosis 5050 with respect
to the limb. For example, the strap holder 5052 can include
a visual locator 5051 in the form of an elongate marking, or
any other suitable visual element, indicative of a centerline
of the strap holder 5052. In another example, the strap holder
5052 can include a tactile locator 5053 in the form of a
contour or recess, or any other suitable tactile element,
indicative of a centerline of the strap holder.

[0237] In some embodiments, as shown in FIG. 64, the
orthosis 5050 includes a housing 5080 configured to be
disposed on at least a portion of the first orthosis member
5100, the second orthosis member 5200 and/or the bridge
connector 5800. For example, at least a portion of each of
the first cuff 5120 and the second cuff 5130 can be disposed
within the housing 5080, such as between a first layer of the
housing and a second layer of the housing. The housing 5080
can be configured to improve patient comfort when wearing
the orthosis 5050. For example, the housing 5080 can be
constructed of a soft and/or flexible material. In some
embodiments, the inner layer of the housing 5080 can be
constructed, for example, of biocompatible nylon, spandex,
or the like, or any combination thereof. In some embodi-
ments, the inner layer of the housing includes one or more
pores configured to help prevent movement (e.g., slipping or
sliding) of the orthosis 5050 with respect to the limb of the
patient. In some embodiments, the housing 5080 includes an
outer layer having a design scheme configured to coordinate
with a design scheme of one or more different orthoses. In
some embodiments, the housing 5080 defines an opening
through which one or more grip features 5121, 5221 can be
disposed (see, e.g., FIG. 64).

[0238] As shown in FIG. 52, non-conductive material
5124, 5224 can be included on an inner surface of the
housing 5080 with respect to the first cuff 5120 and/or the
second cuff 5220 proximate to and/or about the sets of
electrode connectors 5122, 5222, respectively. For example,
a silicone material can be disposed on (e.g., printed onto) the
inner layer of the housing 5080. The material 5122, 5224 can
have a shape that substantially corresponds to, or is slightly
larger than, an outer perimeter of the first electrode 5150 and
second electrode 5250, respectively. The non-conductive
material 5124, 5224 is configured to overlap with the edges
of its respective electrode 5150, 5250 to prevent current
leakage from about the perimeter of the electrode. In some
embodiments, the non-conductive material 5124, 5224 is
also configured to provide additional stability to its respec-
tive cuff 5120, 5220. In some embodiments, however, such
non-conductive material is disposed directly onto the first
cuff 5120 and/or the second cuff 5220.

[0239] Referring to FIG. 51, in some embodiments, the
orthosis 5050 includes a removable layer or panel 5500 that
is removably coupleable to the orthosis. More specifically,
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the panel 5500 can be couplable to at least a portion of at
least one of the first orthosis member 5100, the second
orthosis member 5200 and the bridge connector 5800. The
panel 5500 can, for example, provide a hygienic barrier
between the frame assembly 5050 and the patient’s body
during use, thus facilitating sharing or reuse of the orthosis
5050 with an additional and/or subsequent user in a more
sanitary manner. The removable panel 5500 can have a
perimeter profile or shape that is substantially similar to the
perimeter profile or shape of the inner surface of the frame
assembly 5055.

[0240] The panel 5500 has a first side 5502 (FIG. 51A)
and a second side 5504 (FIG. 51B) opposite the first side
5502. The first side 5502 of the panel 550 is configured to
face away from the limb segment (e.g., the thigh) and the
second side 5504 is configured to face towards the limb
segment, when the panel 5500 is coupled to the frame
assembly 5055 and the orthosis 5050 is donned on the limb
segment. In some embodiments, the panel 5500 includes a
first layer 5506 coupled to a second layer 5508. At a first
portion 5501 of the panel 5500, which is configured to be
associated with the first orthosis member 5100, the first layer
5506 and second layer 5508 define sleeves 5510, 5512. Each
sleeve 5510, 5512 defines an opening or lumen therethrough
that is configured to receive opposing portions of the first
orthosis member 5100. At a second portion 5503 of the panel
5500, which is configured to be associated with the second
orthosis member 5200, the first layer 5506 and second layer
5508 define sleeves 5520, 5522. Each sleeve 5520, 5522
defines an opening or lumen therethrough that is configured
to receive opposing portions of the second orthosis member
5200. The panel 5500 can be constructed of a flexible
material, which can facilitate disposing opposing portions of
the first and second orthosis members 5100, 5200 in the
sleeves 5510, 5512 and sleeves 5520, 5522, respectively.
[0241] An end portion of each sleeve 5510, 5512 disposed
at opposing end portions of the panel 5500 define openings
5511, 5513, respectively, configured to permit the retaining
members 5140, 5170, respectively, of the first orthosis
member 5100 to extend therethrough. Similarly, sleeves
5520, 5522 define openings 5521, 5523, respectively, at
opposing end portions of the panel 5500 configured to
permit the retaining members 5240, 5270, respectively, of
the second orthosis member 5200 to extend therethrough.
[0242] A portion of sleeve 5510 associated with the first
side 5502 of the panel 5500 and that is associated with the
first orthosis member 5100 can define an opening or apet-
ture, 5514 through which the grip feature 5121 of the first
orthosis member 5100 can extend. A portion of sleeve 5512
associated with the first side 5502 of the panel 5500 and that
is associated with the first orthosis member 5100 can define
an opening or aperture 5516 within which a cradle 5010,
described in more detail herein, can be disposed when the
panel 5500 is coupled to the frame assembly 5055.

[0243] A portion of each sleeve 5520, 5522 associated
with the first side 5502 of the panel 5500 and that is
associated with the second orthosis member 5200 can define
an opening or aperture, 5524, 5526, through which the grip
feature 5221 of the second orthosis member 5200 can
extend.

[0244] The removable panel 5500 defines openings 5530,
5531 through which at least a portion of at least one of the
electrode connectors 5122 or electrode snaps 5152 can be
disposed. The panel 5500 also defines openings 5532, 5533
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through which at least a portion of at least one of the
electrode connectors 5222 or electrode snaps 5252 can be
disposed. Although the openings 5530, 5531, 5532, 5533 are
shown in FIG. 51 as being substantially circular in shape, in
other embodiments, the openings can be any suitable shape
or dimension. In some embodiments, a polypropylene layer
(or layer of another suitable material) is circumferentially
disposed about one or more of the openings 5530, 5531,
5532, 5533 on the first side of the removable panel 5500, in
a similar manner as described herein with respect to panel
1180.

[0245] The orthosis member 5100 also includes a cradle
5010 or receiving portion configured to couple the electric
stimulator 5400 thereto. The cradle 5010 can be exposed
even when the housing 5080 is coupled to the orthosis 5050.
The stimulator unit 5400 can be removably coupled to the
cradle 5010 in any suitable manner described herein (e.g,,
with respect to electric stimulator 140, 1400, 540). For
example, the electric stimulator 5400 can be removably
coupled to the cradle 5010 with a snap-fit connection. The
cradle 5010 can include a snap connector configured to
receive a mating snap-fit connector (not shown) on the
electric stimulator 5400. In another example, the electric
stimulator 5400 can be removably coupled to the cradle
5010 with a resistance fit connection between a housing of
the stimulator and the cradle. The electric stimulator 5400
can include any of the features and functions as described
above for stimulator 140. The electric stimulator 5400 can
be used to generate and send a signal to the electrode 5150
and the electrode 5250 to stimulate a portion of the patient’s
body. The stimulator 5400 can be similar in form and
function to any stimulator described herein (e.g., stimulator
140, 1400, 540), and thus is not described in detail herein.
[0246] The orthosis device 5050 can be used in the func-
tional electrical stimulation treatment of various locations on
a patient’s body, such as for example, a leg, foot, arm or
hand. The orthosis device 5050 can be used for the func-
tional electrical stimulation treatment of various muscles or
muscle groups on a particular limb. FIG. 65 illustrates the
positioning and use of the orthosis device 5050 on a leg of
a patient and in particular a thigh or upper leg of the patient.
It should be understood, however, that the orthosis device
5050 can be configured for use on other portions of a
patient’s body. As described herein, although not necessary,
the orthosis device 5050 can be used in conjunction with
another orthosis device (e.g., orthosis 1050).

[0247] In one embodiment, the orthosis device 5050 can
be used to treat various muscles on a thigh of a patient. The
orthosis device 5050 can be disposed about a first portion of
a thigh of a patient such that the electrode 5150 of the first
orthosis member 5100 contacts the first portion of the thigh
and the second electrode 5250 of the second orthosis mem-
ber 5200 contacts a second portion of the thigh. The orthosis
device 5050 can then be repositioned on the thigh of the
patient such that the electrode 5150 of the first orthosis
member 5100 contacts the third portion of the thigh and the
second electrode 5250 of the second orthosis member 5200
contacts a fourth portion of the thigh.

[0248] For example, in one use of the orthosis device
5050, the first orthosis member 5100 is positioned on the
thigh of a patient such that the electrode 5150 can stimulate
a first portion of a hamstring muscle of the patient and the
second orthosis member 5200 is positioned on the thigh of
the patient such that the electrode 5250 can stimulate a
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second portion of the hamstring muscle of the patient. With
the buckles 5164, 5264 of the strap assemblies 5130, 5230
decoupled from their respective retaining members 5170,
5270, and with the coupling members 5134, 5234 coupled to
their respective retaining members 5140, 5240, a patient can
place the orthosis device 5050 on a thigh of the patient with
the aide of one more of locators 5102, 5104, 5202, 5051,
5053, e.g., such that locator 502 is disposed a predetermined
distance above the back of the patient’s knee. The buckle
5164, 5264 of each strap member 5132, 5232 can be coupled
to its respective retaining member 5170, 5270, thereby
coupling the orthosis 5050 to the thigh. In this position, the
first electrode 5150 can be actuated to stimulate a first
portion of a hamstring muscle and the second electrode 5250
can be actuated to stimulate a second portion of the ham-
string muscle (see, e.g., FIG. 55).

[0249] The orthosis device 5050 can be repositioned for
use in treating the quadriceps muscle of the patient. To
position the orthosis device 5050 to stimulate the quadriceps
muscle, the patient can again use one or more locators 5102,
5104, 5202, 5051, 5053. Specifically, with buckles 5164,
5264 the strap assemblies 5130, 5230 decoupled from the
retaining members 5170, 5270 and the coupling members
5134, 5234 of the strap assemblies 5130, 5230 coupled to
retaining members 5140, 5240 the cuffs 5120, 5220, as
described above, the orthosis device 5050 can be placed on
the thigh of the patient a predetermined distance from a top
of the patient’s knee. In this position the first electrode 5150
can be actuated to stimulate a first portion of a quadriceps
muscle and the second electrode 5250 can be actuated to
stimulate a second portion of the quadriceps muscle (see,
e.g., F1G. 54).

[0250] The electric stimulator 5400 can be configured to
apply stimulation having any suitable intensity and/or
according to any suitable stimulation pattern or program, for
example such as an intensity and/or stimulation pattern or
program described herein (e.g., with respect to orthosis
1050). The electric stimulator 5400 can be in communica-
tion with a sensor, such as any sensor described herein (e.g.,
sensor 130, 530, 1300, 3300). In some embodiments, the
electric stimulator 5400 is configured to apply stimulation to
one or more of the electrodes 5150, 5250 in response to a
signal received from the sensor, such as a signal associated
with a gait event, as described herein.

[0251] The orthosis device 5050 can also be used when the
patient is not walking. For example, the orthosis device 5050
can be used in a training mode without the gait sensor. The
training mode can be designed, for example, to facilitate
muscle re-education, prevent or retard disuse atrophy of the
lower leg and thigh muscles, maintain or improve range of
motion of the ankle and knee joints and/or improve blood
circulation.

[0252] An FES system 3000 according to an embodiment
is shown in FIG. 66. As shown in FIG. 66, in some
embodiments, the electric stimulator 1400 of orthosis 1050
and/or the electric stimulator 5400 of orthosis 5050 can be
in communication with one or more control devices 3500
and 3550. The control device 3500 can be any suitable
electronic device that can provide an interface for a user
(e.g., the patient and/or a health care professional) to
manipulate one or more characteristics and/or parameters
associated with the FES. For example, in some embodi-
ments, the control device 3500 can be, for example, a smart
phone or the like that can be manipulated to run and/or
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execute a set of instructions associated with controlling the
electric stimulator 1400, 5400, such as via a mobile appli-
cation stored on the smart phone. In some instances, the
control device 3500 can be in wireless communication with
the electric stimulator 1400, e.g., via a wireless modality,
format, and/or the like associated with WiFi®, Bluetooth®,
near field communication (NFC), cellular communication
such as, short message service (SMS) or multimedia mes-
sage service (MMS), and/or the like. In some embodiments,
the control device 3500 is any suitable electronic device
(e.g., a smart phone) that can receive data (wired and/or
wirelessly) from the electric stimulator 5400 and that can be
manipulated to run and/or execute a set of instructions
associated with analyzing, storing, parsing, or otherwise
monitoring the received data. In this manner, the application
executed on the smart phone can be used to monitor the
patient’s usage data (e.g., a log of FES provided via one or
more orthoses, including the set(s) of parameters associated
with FES provided to the patient, the frequency of use of the
system to provide FES, the duration of use of the system to
provide FES on a daily, weekly and/or monthly basis), data
associated with the patient’s gait on a daily, weekly and/or
monthly basis, data associated with the patient’s number of
daily steps taken, data associated with a distance traveled by
the patient during gait or other physical activity (e.g.,
cycling, rowing, paddling, or the like), data associated with
the patient’s daily range of motion for the impaired limb,
data indicative of the frame assembly or assemblies to which
the electric stimulator has been coupled to (or attempted to
be coupled to) and the duration of such coupling, or the like.
In this manner, the control device (e.g., the application on
the smart phone) can be configured to detect changes in the
patient’s gait, usage, or the like, over time. In such embodi-
ments utilizing a control device, the electric stimulator 5400
can optionally be dedicated to the single orthosis 1050
during a predetermined period of time (e.g., instead of being
shareable amongst different orthoses, such as orthosis 3050
and/or 5050 described herein).

[0253] Similarly, the control device 3550 can be a personal
computer (PC), a laptop, a tablet PC, a server device, a
workstation, and/or the like that can be manipulated to run
and/or execute a set of instructions associated with control-
ling the electric stimulator 1400, 5400. Although shown in
FIG. 66 as being in communication with one or more control
devices, in other embodiments, the electric stimulator 1400,
5400 can include any suitable hardware and/or software that
can, for example, enable to the electric stimulator 1400,
5400 to function as the control device. For example, in some
embodiments, the electric stimulator 1400, 5400 can include
a user interface and/or the like that can be manipulated by a
user to control at least a portion of the electric stimulator
1400, 5400.

[0254] User interfaces 4000 for a control device according
to an embodiment is shown in FIGS. 67-68. As shown, the
user interface can include a first screen with one or more
stimulation parameter input fields (FIG. 67), and a second
screen with one or more stimulation parameter input fields
(FIG. 68). The user interface 4000 can be configured to
permit the user to select an operation mode, such as a
stimulation mode, gait mode, or training mode, as indicated
by 4100. The user interface 4000 can be configured to permit
the user to input or otherwise select values for one or more
parameters. As shown in FIG. 67, for example, the user
interface 4000 can include an input field 4110 configured to
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permit the user to select or specify a type of waveform for
the stimulation to be output from or otherwise applied by the
electric stimulator 1400. The waveform can be selected via
any suitable input mechanism, including but not limited to,
a selectable drop-down menu as shown in FIG. 67. A
symmetric waveform has been selected in FIGS. 67-68,
however, a different waveform may be selected or specified
in other embodiments.

[0255] In another example, the user interface 4000 can
include an input field 4120 configured to permit the user to
select or specify a phase duration for the stimulation to be
output from or otherwise applied by the electric stimulator
1400. The phase duration can be selected or specified via any
suitable input mechanism, including but not limited to a
selectable drop-down menu as shown in FIG. 67. A phase
duration of 200 us is shown as having been selected in the
user interface shown in FIGS. 67-68, however, a different
phase duration may be selected or specified in other embodi-
ments.

[0256] In still another example, the user interface 4000 can
include an input field 4130 configured to permit the user to
select or specify a pulse rate for the stimulation to be output
from or otherwise applied by the electric stimulator 1400.
The pulse rate can be selected or specified via any suitable
input mechanism, including, but not limited to, a selectable
drop-down menu as shown in FIG. 67. A pulse rate of 30 Hz
is shown as having been selected in the user interface 4000
shown in FIGS. 67-68, however, a different pulse rate can be
selected or specified in other embodiments. Although the
foregoing parameters are shown in FIGS. 67-68 as being
selected via a drop-down menu input mechanism, in other
embodiments, one or more of the foregoing parameters, or
another parameter, can be selected or identified via a dif-
ferent input mechanism (e.g. radio buttons, checkboxes, list
boxes, buttons, toggles, or the like) or can be entered into a
text field (e.g., via a keyboard, voice command, or the like).
[0257] The user interface 4000 can include an input field
4140 configured to permit the user to select or specify an
amplitude for the stimulation to be output from or otherwise
applied by the electric stimulator 1400, as shown in FIG. 67.
As shown, the user can selectively increase or decrease the
amplitude (e.g., via plus or minus buttons) within a prede-
termined range of selectable amplitudes. As shown, the input
field 4140 can be used to select or specify the amplitude for
the stimulation to be output from the electric stimulator 1400
via two or more channels. In other words, the input field
4140 can be configured to concurrently control the stimu-
lation amplitude for two or more stimulation channels.
[0258] The user interface 4000 can include buttons 4142,
4144 configured to permit the user to separately select or
specify one or more parameters for the stimulation to be
output from or otherwise applied by the electric stimulator
1400 via two or more channels, as shown in FIG. 67.
Selection of one or more of buttons 4142, 4144 can, for
example, produce a user interface (e.g., a second screen)
including one or more additional input fields. For example,
as shown in FIG. 68, the user interface 4000 can include an
input field 4146 configured to permit the user to select or
specify a parameter (e.g., an amplitude) for the stimulation
to be output from or otherwise applied by the electric
stimulator 1400 via a first channel. As shown, for example,
the user can selectively increase or decrease (e.g., via plus
or minus buttons) a parameter (e.g., an amplitude) config-
ured to result in inversion of a foot. In another example, as
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shown in FIG. 68, the user interface 4000 can include an
input field 4148 configured to permit the user to select or
specify a parameter for the stimulation to be output from or
otherwise applied by the electric stimulator 1400 via a
second channel. As shown, the user can selectively increase
or decrease (e.g., via plus or minus buttons) a parameter
(e.g., an amplitude) configured to result in eversion of the
foot. Any one or more of the foregoing parameters can be
selectively controlled by the user via the user interface 4000
such that the electric stimulator 1400 produces stimulation
configured to result in a desired movement or position of a
portion of the limb (e.g., the foot).

[0259] Although certain parameters (e.g., waveform,
phase duration, pulse rate) are shown in FIGS. 67-68 as
being concurrently controlled with respect to each stimula-
tion channel by a single input field of the user interface 4000,
in other embodiments, each parameter can be independently
controlled, with respect to each stimulation channel, via one
or more input fields of a user interface. Similarly, although
the user interface 4000 is shown and described as including
an input field 4140 configured to concurrently control a
parameter for two or more stimulation channels, in other
embodiments, a user interface can include two or more input
fields such that the parameter can be independently con-
trolled for each stimulation channel. For example, such a
user interface can be devoid of input field 4140, and the
parameter can be controlled by input fields 4146, 4148. The
user interface 4000 can optionally include a button 4150
configured to be selectively controlled by a user to initiate
and/or stop the output of stimulation (via one, two, three, or
more channels, independently or concurrently) via the elec-
tric stimulator 1400.

[0260] As discussed above, the control device can be used
to program or select one or more parameters of the electrical
current flowing via the first channel Ch1, the second channel
Ch2, or both the first channel Chl and the second channel
Ch2, based on the effect of such parameter on the flow or
distribution of the electrical current through the portion of
the neuromuscular system of the limb. Similarly, the control
device can be used to program or select one or more
parameters associated with an electrical current to be trans-
mitted in a third channel (not shown) instead of or in
addition to the first channel Chl and/or the second channel
Ch2. In some embodiments, the control device can be used
to select one or more channels by which the electronic
stimulator 1400 sends a stimulation signal. In this manner,
during a session with a health care provider to program the
stimulator for a unique patient with parameters for the
electrical current flow, for example, the health care provider
can modify (e.g., increase or decrease) at least one parameter
to promote a flow of electrical current through the neuro-
muscular system of the limb that results in a desired position
of a portion of the limb; for example, that results in a desired
position (e.g., via dorsiflexion, plantarflexion, inversion,
eversion) of the foot or (via extension or flexion) of the hand.

[0261] In some instances, at least one of the electric
stimulators 1400, 5400 can be configured to communication
with any number of electronic devices. For example, in
some embodiments, the electric stimulator 1400 can be in
electrical communication with the control devices 3500 and
3550, a physically distinct sensor 3300, and, optionally, the
orthosis device 5050 and/or a third orthosis 3050. Although
the sensor 3300 is shown in FIG. 66 as including a heel
sensor (or pressure sensor), in other embodiments, the
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sensor 3300 includes a motion sensor (e.g., a tilt sensor, an
accelerometer, a gyroscope, a speedometer, magnetometer,
another suitable sensor described herein, and/or the like).

[0262] At least one electric stimulator 1400, 5400 can be
configured to communicate with the electronic devices via,
for example, unique communication channels. Thus, the
control devices 3500 and 3550, the physically distinct sensor
3300, and one or more orthosis 1050, 3050, 5050 can
collectively provide FES to a patient that can, for example,
enhance the patient’s gait or the like. More specifically, in
some embodiments, the orthosis 5050 can be configured to
be disposed, for example, about the thigh of the patient
donning the orthosis 5050 (i.e.. the thigh of the impaired
leg). The electrodes (not shown) of the orthosis 5050 can be,
for example, in electrical communication with one or more
portions of the neuromuscular system associated with, for
example, the hamstring and/or the quadriceps, as described
above. In some embodiments, the orthosis 5050 can be
similar in form and/or function to the devices described in
U.S. Pat. No. 9,095,417 entitled, “Adjustable Orthosis for
Electrical Stimulation of a Limb,” filed Feb. 7, 2011, the
disclosure of which is incorporated herein by reference in its
entirety. In some embodiments, the electric stimulator 1400
can be configured to communicate with the upper leg
orthosis 5050 to provide FES to substantially the entirety of
an impaired limb of the patient. For example, the electric
stimulator 1400 can be coupled to the orthosis 5050, when
not coupled to orthosis 1050. Similarly, in some embodi-
ments, the electric stimulator 1400 can be configured to be
coupled to an orthosis 3050 disposed about a lower portion
of a contralateral leg, as shown in FIG. 66. The orthosis
3050, in some embodiments, is structurally a mirror image
of the orthosis 1050, described herein, which can facilitate
improved placement of orthosis 3050 on the contralateral
leg. Also similarly, the electric stimulator 5400 can be
configured for use with an orthosis (e.g., orthosis 1050,
3050), when not in use with orthosis 5050. As described
herein, the electric stimulator 1400, 5400 can include a
sensor or other mechanism configured to detect and identify
to which orthosis 1050, 3050, 5050 the stimulator is
coupled, and to determine which stimulation signal(s) to
send based on the detected or identified orthosis 1050, 3050,
5050.

[0263] While various embodiments have been described
above, it should be understood that they have been presented
by way of example only, and not limitation. Where sche-
matics and/or embodiments described above indicate certain
components arranged in certain orientations or positions, the
arrangement of components may be modified. While the
embodiments have been particularly shown and described, it
will be understood that various changes in form and details
may be made. 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.

[0264] For example, the sensor 130 of system 100 can be
included in any FES system described herein, which sensor
can be configured to send a signal such that the electric
stimulator 1400 initiates or sends any stimulation or stimu-
lation signal described herein. Although certain electrodes
have been described herein as being a cathodic electrode, in
other embodiments, the electrode can be an anodic elec-
trode, or vice versa. Although certain embodiments have
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been described herein as including an electric stimulator
configured to provide monopolar stimulation, in other
embodiments, the electric stimulator can provide bipolar
stimulation, or vice versa.

[0265] Although, in some embodiments, the external
stimulator 1400 has been shown and described as being
configured to send a first stimulation signal via one channel
during a first time period and a second (or third or fourth)
stimulation signal via a different channel during the first time
period, in other embodiments, the second (or third or fourth)
stimulation signal can be sent during a different time period
(e.g., an earlier time period, a subsequent time period). In
some embodiments, the electric stimulator 1400 is config-
ured to send stimulation signals via two or more channels in
alternation or sequential time periods.

[0266] Although, in some embodiments, the external
stimulator 1400 has been shown and described herein as
being configured to send one or more stimulation signals
during different time periods, in other embodiments, such
stimulation signals can be sent during the same time period.
[0267] Although, in some embodiments, a channel is
shown or described herein as being a “first channel”, in other
embodiments, such a channel may be referred to as a second
channel, and vice versa.

[0268] Although, in some embodiments, a connector (e.g.,
of the electrode assembly) has been shown and/or described
as being a male connector configured to matingly engage
with a complementary (e.g., female) connector (e.g., of a
frame assembly), in other embodiments, the placement of
the male and female connectors can be reversed or switched
between the system components

[0269] Although the orthosis 1050 has been shown and
described herein as including a frame 1110 disposed
between an inner layer 1160 and an outer layer 1170, in other
embodiments, an orthosis can be devoid of a semi-rigid
frame 1110. For example, such an orthosis can include one
or more of an inner layer (e.g., inner layer 1160), outer layer
(e.g., outer layer 1170), and optionally one or more addi-
tional flexible layers.

[0270] Although the FES systems (e.g., system 100, 500,
1000, 3000) have been shown and described herein as being
particularly useful for providing FES to a lower limb seg-
ment (e.g., the upper and/or lower leg) of the patient during
gait, in some embodiments, the system is configured to
provide FES to a different body portion, such as a portion of
the arm, for example for grasping, and/or during a different
physical activity, such as cycling, rowing, paddling, or any
other suitable activity. For example, in some embodiments,
a user can select one of multiple activity mode options from
a menu (e.g., on a user interface) of the system (e.g., gait,
cycling, rowing, paddling, or the like). The stimulator 140
includes a set of stimulation parameters stored therein
associated with each activity mode. The stimulation param-
eters for a first activity mode (e.g., gait) are different from
the stimulation parameters for a second activity mode (e.g,,
cycling) different from the first activity mode. In the cycling
mode, for example, the FES system uses the same stimula-
tion platform as that used during the gait mode to provide
FES to the limb (e.g., leg), however, the FES system
provides stimulation based on parameters associated with
the cycling mode and in response to signal(s) received from
one or more motion and/or position sensors associated with
the leg. In the rowing or paddling mode, in another example,
the FES system can use the same stimulation platform as that
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used for restoring arm and/or hand function during typical
daily activities to provide FES to the limb (e.g., the arm
and/or hand), however the FES system provides stimulation
based on parameters associated with the respective rowing
or paddling mode and in response to signal(s) received from
one or more motion and/or position sensors associated with
the arm and/or hand. Such an FES system enables a patient
to use the FES systems described herein in lieu of activity-
dedicated FES equipment (e.g., a dedicated FES bicycle).

[0271] An FES system according to some embodiments
can include both an upper limb FES system and a lower limb
FES system as described herein, that are configured for use
in combination to facilitate FES of the patient’s upper limb
and lower limb so that the patient can perform one or more
predetermined activities. In such an embodiment, the FES
system includes an upper limb (e.g., upper and/or lower arm)
orthosis and a lower limb (e.g., upper and/or lower limb)
orthosis, each of which can be similar to any orthosis
described herein. The system can include a stimulator simi-
lar in many respects or identical to any stimulator described
herein (e.g., stimulator 140, 1400, 540, 5400). In some
embodiments, the system includes a stimulator that is con-
figured to be physically and electrically coupled to one of the
upper limb orthosis or the lower limb orthosis. The stimu-
lator is also configured to be electrically coupled to (e.g.,
wirelessly coupled to), but physically separate and distinct
from, the other of the upper limb orthosis or the lower limb
orthosis. The stimulator can be programmed to transmit
electrical stimulation according to a first set of parameters
with respect to the upper limb orthosis and electrical stimu-
lation according to a second set of parameters with respect
to the lower limb orthosis. The stimulation according to the
first set of parameters configured to be output to the upper
limb orthosis and the stimulation according to the second set
of parameters configured to be output to the lower limb
orthosis can be configured to facilitate functional movement
of the patient’s upper and lower limbs, respectively, so that
the patient can functionally utilize both the upper and lower
limb during a predetermined or desired activity. In other
words, the upper limb orthosis and the lower limb orthosis
are configured to work together in providing FES to the
patient so that the patient can participate in one or more
activities, including, but not limited to, tennis (e.g., in which
the arm can be stimulated in a manner to enable grasping of
a tennis racquet and/or intentional arm movement to swing
the tennis racquet and in which the leg can be stimulated in
a manner to facilitate the patient’s gait while moving about
a tennis court), rowing (e.g., in which the arm can be
stimulated to facilitate grasping of an oar and/or arm move-
ment during a rowing stroke and in which the leg can be
stimulated to facilitate leg movement including leg press
and/or hip extension during the rowing stroke), cycling,
hiking, paddleboarding, skiing, or any other activity. In
some embodiments, the user can select a mode of operation
(e.g., an activity mode) for the stimulator (e.g., via a user
interface of the stimulator or a control unit or device, as
described herein). The stimulator can selectively output
stimulation based at least in part on the mode of operation
and one or more signals received from one of more sensors
associated with the upper limb orthosis and the lower limb
orthosis, respectively. In other embodiments, the system
includes a first stimulator associated with the upper limb
orthosis and a second stimulator associated with the lower
limb orthosis, such that the stimulation according to the first

Nov. 8,2018

set of parameters is output by the first stimulator and the
stimulation according to the second set of parameters is
output by the second stimulator. In such a system, the first
and second stimulators can optionally be in electrical com-
munication.
[0272] In another embodiment, any of the FES systems
described herein (e.g., system 100, 500, 1000, 3000) can be
configured to detect a fall incurred by the patient or other
physical events, for example, based on signal(s) received
from one or more motion and/or position sensors. The
stimulator can be configured to send a signal to a control
device (e.g., a smart phone) in the event such a fall or other
event is detected.
[0273] Although the FES systems (e.g., system 100, 500,
1000, 3000) shown and described herein include for pro-
viding FES to a limb include an orthosis configured to be
disposed about and or substantially envelope a limb seg-
ment, in other embodiments, one or more components of the
systems described herein can be included in an exoskeleton,
such as a lower extremity exoskeleton or an upper extremity
exoskeleton, configured to substantially an entirety of a limb
or a full body exoskeleton. For example, in such an embodi-
ment, a full or partial body exoskeleton can include at least
a portion of one or more of an electrode assembly, such as
one of the electrode assemblies described herein, a sensor
(such as one of the sensors described herein), a frame
assembly (such as one of the frame assemblies described
herein) and an electric stimulator (such as an electric stimu-
lator described herein. Such a partial body exoskeleton can
be configured to substantially contain a patient’s leg, lower
body from below about the waist to the foot/feet, arm, upper
body including the torso and one or both arms. Such a full
body exoskeleton can be configured to contain or be dis-
posed about substantially an entirety of the patient’s body,
optionally except for portions of the patient’s head and/or
tips of the patient’s hand(s) or foot/feet.
[0274] The specific configurations of the various compo-
nents described herein can also be varied. For example, the
size and specific shape of the various components can be
different from the embodiments shown, while still providing
the functions as described herein. Additionally, the relative
size of various components of the devices shown and
described herein with respect to the size of other compo-
nents of the devices are not necessarily to scale.
[0275] Similarly, where methods and/or events described
above indicate certain events and/or procedures occurring in
certain order, the ordering of certain events and/or proce-
dures may be modified. While the embodiments have been
particularly shown and described, it will be understood that
various changes in form and details may be made.
1. An apparatus, comprising:
a frame assembly configured to be removably coupled to
a portion of a limb such that the portion of the limb is
substantially enveloped by the frame;
an electrode assembly configured to be in electrical com-
munication with a portion of a neuromuscular system
of the limb, the electrode assembly being at least
partially disposed between the frame assembly and the
limb when the limb is substantially enveloped by the
frame, the electrode assembly including a first set of
electrodes and a second set of electrodes; and
an electric stimulator in electrical communication with the
electrode assembly, the electric stimulator configured
to send a first signal substantially during a first time
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period and via a first channel to the first set of elec-
trodes operable to provide an electrical stimulation to a
neuromuscular system of the limb, the electric stimu-
lator configured to send a second signal via a second
channel to the second set of electrodes operable to
provide electrical stimulation to the neuromuscular
system of the limb, the electric stimulator configured to
send the second signal substantially during at least one
of the first time period or a second time period subse-
quent the first time period.

2. The apparatus of claim 1, wherein the first set of
electrodes includes a first cathodic electrode and a first
anodic electrode, and the second set of electrodes includes
a second cathodic electrode and the first anodic electrode.

3. The apparatus of claim 1, wherein the first set of
electrodes includes a first cathodic electrode and a first
anodic electrode, and the second set of electrodes includes
a second cathodic electrode and second anodic electrode.

4. The apparatus of claim 1, wherein:

the first set of electrodes includes a first cathodic elec-

trode, a first anodic electrode, and a second anodic
electrode, and

the second set of electrodes includes a second cathodic

electrode, the first anodic electrode and second anodic
electrode.

5. The apparatus of claim 1, wherein the electric stimu-
lator is configured to send the first signal to the electrode
assembly such that the first set of electrodes provides an
electrical stimulation having a first amplitude to the neuro-
muscular system of the limb, and to send the second signal
to the electrode assembly such that the second set of
electrodes provides an electrical stimulation having a second
amplitude, different from the first amplitude, to the neuro-
muscular system of the limb.

6. The apparatus of claim 5. wherein the first amplitude is
within the range of about 10 milliamperes (mA) to about 60
milliamperes (mA), and the second amplitude within the
range of about 10 milliamperes (mA) to about 40 milliam-
peres (mA).

7. The apparatus of claim 5, wherein the first amplitude is
about 30 milliamperes (mA) and the second amplitude is
about 25 milliamperes (mA).

8. The apparatus of claim 1, wherein the first set of
electrodes is fixedly coupled to a panel of flexible material
removably coupled to the frame assembly, the second set of
electrodes is fixedly coupled to the panel of flexible material.

9. The apparatus of claim 1, wherein the electrode assem-
bly includes a flexible panel, the first set of electrodes
disposed on the flexible panel, the second set of electrodes
disposed on the flexible panel, each electrode from the first
set of electrodes and from the second set of electrodes being
separated from every other electrode from the first set of
electrodes and from the second set of electrodes by a
non-conductive region of the flexible panel.

10. The apparatus of claim 1, wherein:

the electric stimulation provided to the neuromuscular

system of the limb concurrently results in (1) dorsi-
flexion of a foot, and (2) movement of the foot from an
everted position towards a neutral position.

11. An apparatus, comprising;

an electrode assembly configured to be in electrical com-

munication with a portion of a neuromuscular system
of the limb, the electrode assembly including panel of
flexible material and a plurality of surface electrodes
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coupled to the panel, the plurality of surface electrodes
including a set of cathodic electrodes and a set of
anodic electrodes; and

an electric stimulator coupled to the electrode assembly,
the electric stimulator configured to apply a first elec-
trical current via a first channel to the electrode assem-
bly such that the first electrical current is transmitted
through bodily tissue between a first cathodic electrode
from the set of cathodic electrodes and a first anodic
electrode from the set of anodic electrodes, the electric
stimulator configured to apply a second electrical cur-
rent via a second channel to the electrode assembly
such that the second electrical current is transmitted
through bodily tissue between a second cathodic elec-
trode from the set of cathodic electrodes and at least
one of the first anodic electrode or a second anodic
electrode from the set of anodic electrodes.

12. The apparatus of claim 11, wherein the electric
stimulator is configured to apply the second electrical cur-
rent such that the second electrical current is transmitted
through bodily tissue between the second cathodic electrode
and the first anodic electrode.

13. The apparatus of claim 11, wherein the electric
stimulator is configured to apply the second electrical cur-
rent such that the second electrical current is transmitted
through bodily tissue between the second cathodic electrode
and the second anodic electrode.

14. The apparatus of claim 11, wherein the first anodic
electrode has a surface area greater than or equal to the
combined surface areas of the first cathodic electrode and
the second cathodic electrode.

15. The apparatus of claim 11, wherein at least one of the
first electrical current and the second electrical current is a
monopolar.

16. The apparatus of claim 15, further comprising:

a connector assembly including a first connector remov-
ably coupled to a first cathodic electrode from the set of
cathodic electrodes, a second connector removably
coupled to a second cathodic electrode from the set of
cathodic electrodes, a third connector removably
coupled to a first anodic electrode from the set of
anodic electrodes and a fourth connector removably
coupled to the first anodic electrode.

17. The apparatus of claim 11, wherein:

the first electric current and the second electric current
collectively result in the concurrent dorsiflexion of a
foot and movement of the foot from one or an everted
position or an inverted position towards a neutral
position.

18. A method, comprising:

sending a first signal via a first channel from an electric
stimulator to an electrode assembly to cause a first set
of electrodes from the electrode assembly to provide an
electric stimulation having a first set of parameters
substantially during a time period to a neuromuscular
system of a limb, the first set of electrodes including a
first cathodic electrode and a first anodic electrode;

sending a second signal via a second channel from the
electric stimulator to the electrode assembly to cause a
second set of electrodes from the electrode assembly to
provide an electric stimulation having a second set of
parameters to the neuromuscular system of a limb, the
electric stimulation being provided substantially during
at least one of the first time period or a second time
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period subsequent the first time period, the second set
of electrodes including a second cathodic electrode and
at least one of the first anodic electrode or a second
anodic electrode.

19. The method of claim 18, wherein the second set of
electrodes includes the first anodic electrode.

20. The method of claim 18, wherein the first cathodic
electrode, second cathodic electrode, and first anodic elec-
trode are each fixedly coupled to a flexible panel of the
electrode assembly, the electrode assembly being removably
coupled to an inner surface of a frame assembly, the frame
assembly being removably coupled to a portion of the limb
such that the portion of the limb is substantially enveloped
by the frame.

21. The method of claim 20, wherein the second anodic
electrode is disposed on the flexible panel.

22. The method of claim 20, wherein a non-conductive
region of the flexible panel separates the first cathodic
electrode, the second cathodic electrode and the first anodic
electrode.

23. The method of claim 18, wherein the electric stimu-
lation provided by the first set of electrodes is transmitted via
a first stimulation channel and the electrical stimulation
provided by the second set of electrodes is transmitted via a
second stimulation channel different from the first stimula-
tion channel.

24. The method of claim 18, wherein the first set of
parameters includes a first amplitude, and the second set of
parameters includes a second amplitude different from the
first amplitude.

25. The method of claim 24, wherein the first amplitude
is within the range of about 10 milliamperes (mA) to about
60 mA, and the second amplitude is within the range of
about 10 mA to about 40 mA.

26. The method of claim 24, wherein the first amplitude
is about 30 mA and the second amplitude is about 25 mA.

27. The method of claim 18, wherein:

the electric stimulation provided from the first set of

electrodes and the electric stimulation provided from
the second set of electrodes collectively results in
concurrent dorsiflexion of a foot and movement of the
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foot from one or an everted position or an inverted
position towards a neutral position.

28. An apparatus, comprising;

a frame assembly configured to be removably coupled to
a portion of a limb such that the portion of the limb is
substantially enveloped by the frame assembly, the
frame assembly including a plurality of electrode con-
nectors, at least a first electrode connector and a second
electrode connector from the plurality of electrode
connectors configured to be associated with a first
stimulation channel of an electric stimulator, at least a
third electrode connector and a fourth electrode con-
nector from the plurality of electrode connectors con-
figured to be associated with a second stimulation
channel of the electric stimulator,

the frame assembly having a first configuration in which
the frame assembly is removably coupled to a first
electrode assembly such that (1) the first electrode
connector is coupled to a first surface cathodic elec-
trode of the first electrode assembly, (2) the second
electrode connector is coupled to a first surface anodic
electrode of the first electrode assembly, (3) the third
electrode connector is coupled to a second surface
cathodic electrode of the first electrode assembly, and
(4) the fourth electrode connector is coupled to a
second surface anodic electrode of the first electrode
assembly, and

the frame assembly having a second configuration in
which the frame assembly is removably coupled to a
second electrode assembly such that (1) the first elec-
trode connector is coupled to a first surface cathodic
electrode of the second electrode assembly, (2) the
second electrode connector is coupled to a first surface
anodic electrode of the second electrode assembly, (3)
the third electrode connector is coupled to a second
surface cathodic electrode of the second electrode
assenmbly, and (4) the fourth electrode connector is
coupled to the first surface anodic electrode of the
second electrode assembly.
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