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BRACING AND ELECTROSTIMULATION FOR ARTHRITIS 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of and claims priority of U.S. Application Serial 

No. 12/782,270, filed May 18, 2010, which is hereby incorporated herein by reference in its 

entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to orthotic devices, and more particularly to 

electrostimulation and bracing to treat arthritic joints. Some embodiments relate to knee braces 

and electrodes adapted to provide electrostimulation and to conform to a wearer's anatomy. 

[0004] 2. Description of the Related Art 

[0005] Orthotic devices generally include a substantially rigid biomechanical element that 

forms the basis of the skeletal support that is required for the majority of these devices, which 

include braces, supports and splints. 

[0006] The human knee generally comprises an articulated joint between the thigh and the 

calf muscles that supports the weight of the human body while the person is standing, walking or 

running. The knee joint is primarily held together by four ligaments; namely, the anterior and 

posterior cruciate ligaments and the medial and lateral collateral ligaments. The knee joint can 

be weakened or damaged by injuries resulting in cartilage damage and ligament strain, which 

may be the result of trauma, repetitive sporting activities or overly aggressive exercising, or 

physiological problems such as osteoarthritis. In particular, the human knee may be subjected to 

a variety of damaging stresses and strains particularly during running and jumping movements. 

Athletes, in particular, are apt to incur a knee injury as a result of a blow to the knee or to a 

twisting of the knee, which can commonly occur in various contact sports or high stress sports, 

such as football or skiing. 

[0007] There are a variety of knee braces available on the market or through healthcare 

providers. These range from braces that attempt to totally immobilize the knee, to functional 
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braces that may be as simple as flexible elastic bandages that are intended to provide some 

flexibility while eliminating lateral movement of the ligaments that support the knee. Some of 

these products are intended to be worn as a relatively permanent device for long-term wear 

while others are intended to be worn for a short period of time to support a weakened knee 

during strenuous activities. These functional braces have as their primary object to allow for 

pivoting the knee while preventing any unnatural movement that may aggravate the knee 

ligaments. Some braces are meant to provide a constant or variable "unloading" force on the 

knee joint to alleviate pain, such as pain caused by osteoarthritis. While functional braces are 

intended to allow for a natural movement of the knee joint while a person undergoes walking, 

running, jumping, skating, various other athletic activities, they are also intended to prevent 

sudden movement of the upper and lower legs to one side or the other and to prevent twisting or 

rotation of the lower leg relative to the upper leg about the vertical axis, and/or to provide a pain-

relieving force to the joint. 

[0008] Typically, the knee braces are held in place by flexible straps, which wrap about the 

user's thigh and calf above and below the knee, respectively. In this manner, the rigid hinge or 

hinges of the knee brace remain positioned relative to the user's knee so as to mimic the hinged 

joint of the knee. However, it is not uncommon for the user's bodily motions to cause the flexible 

straps to move relative to the person's leg, thereby misaligning the knee brace with respect to 

the knee. This movement of the brace straps with respect to the user not only causes 

misalignment and therefore misapplication of the orthotic device, but also causes irritation of the 

user's skin by this unintended rubbing. 

[0009] Orthotic devices must engage effectively with soft tissue in order to provide the desired 

support. In many parts of the body the soft tissue will move, for example by expanding or 

contracting as result of muscle movement. As soft tissue changes shape, parts of the skin may 

lose contact with the liner of the orthotic device. This reduced contact with the liner can cause 

the orthotic device to change position, or move relative to the user and therefore become 

ineffective. Typical devices provide measures for tightening the brace to maintain contact. This 

causes discomfort, prevents the skin from breathing, and can irritate the skin about the edges of 

the device and the liner. 

[0010] The objective of any rigid knee brace is to exert a predictable force on the user's 

underlying skeleton. In particular, the objective is to exert a force on the tibia with respect to the 

femur in the user's body mass above the knee. By definition, knee braces are applied to soft 

tissue lying between the brace and the user's skeleton. Any rigid element may include some 

form of liner that contacts the body of the user. The liner may have an outer fabric that is 

designed to contact the user's skin directly or, alternatively, to engage with clothing that a user 

may be wearing about the part of the anatomy to which the orthotic device is to be attached. 

Soft tissue is mobile and moves in a cycle corresponding to a user's gait, whether it be through 

running, walking or other physical movement common to the human knee. The most mobile soft 

tissue is the quadriceps mechanism lying in front of the femur in the anterior thigh region. The 
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central reference point for a knee brace is the knee joint line. In construction, an orthotic device 

such as a knee brace would use a joint mechanism, which mimics the movement of the joint to 

be supported, such as the knee, which is not just a simple hinge. Since each user's body shape 

is unique, the interface between the orthotic device and the user's leg cannot be predetermined 

in the manufacture of such a device. 

[0011] Degenerative joint disease, osteoarthritis, and other joint diseases or injuries may be 

treated through various methods of electrical stimulation. Methods of electrostimulation include 

Neuromuscular Electrical Stimulation, Interferential Stimulation, High Volt Galvanic Stimulation, 

Electromagnetic and Pulsed Electromagnetic Field Stimulation, Transcutaneous Electrical Nerve 

Stimulation, Transcutaneous Electrical Stimulation for Arthritis (TESA), and Micro Current 

Electrical Stimulation. 

[0012] Osteoarthritis continues to be a growing issue in today's active, aging population. As 

people live longer and more dynamic lives, the need for solutions to joint deterioration becomes 

apparent. One specific factor is the progressive degeneration of the articular cartilage of the 

joint. Traditional means of treatment include NSAIDS, which only treat the pain and 

inflammation associated with the disease, and have negative side-effects in the gastrointestinal 

tract, liver, and kidneys. (Zizic TM, The treatment of osteoarthritis of the knee with pulsed 

electrical stimulation. J Rheumatol. 1995; 22:1757-1761.) Other treatments include total knee 

arthroplasty (TKA), which partially or completely replaces the knee joint. This method 

addresses both the pain and underlying physical degeneration by simply removing and replacing 

portions of the joint, but it is quite invasive. TKA also has long, painful recovery times, is 

extremely expensive, and has the potential for complicated and risky revision surgeries in 

patients under a certain age. 

[0013] The use of electrical stimulation has been studied in a number of clinical and scholarly 

papers, and has been shown to reduce pain, increase range of motion (ROM), and most 

importantly, delay the need for TKA. (Electrical Stimulation helps delay knee replacement 

surgery. Mont MA, Hungerford DS, Caldwell JR, Hoffman KC, Zizic TM. BioMechanics Volume 

CM, Number 5, May 2005) 

[0014] Similarly, the use of support and unloading braces/orthoses to treat osteoarthritis has 

been well documented and accepted in the medical field. Braces/orthoses can include, but are 

not limited to designs with a fully rigid construction, such as a hard frame; semi-rigid 

construction such as a soft wrap/sleeve/strap with rigid inserts; or non-rigid construction such as 

a wrap/sleeve/strap without rigid inserts. 

[0015] Other treatments include taping methods designed to promote range of motion and 

support of muscles and joints, sometimes without wrapping completely around said anatomy. 

Instead, an elastic tape is stretched over the joint or structure, creating support for soft tissue 

surrounding the affected area. This technique is commonly known as "Kinesio Taping", drawing 

its name from the science of kinesiology. The tape can be a laminated assembly of an elastic 

backing coupled with an adhesive for the skin. The physical form can be on a roll, sheet, or pre-
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cut into shapes specific to an area of the anatomy. Integrating an electrode within the tape itself 

accomplishes a synergistic effect. The tape serves to promote the joint's mechanical healing 

and range of motion, while the built-in electrode signal treats the degenerative or pain 

management aspects of the joint or structure. This new integration is both functional and 

convenient to the user. 

BRIEF SUMMARY OF EMBODIMENTS OF THE INVENTION 

[0016] In a broad aspect, the present invention is embodied as a system for treating arthritis. 

The system includes at least one joint stabilizing assembly for providing relief from arthritis. At 

least one signal transmission element engagement member is operatively connected to the joint 

stabilizing assembly for connecting a signal transmission element. At least one signal 

transmission element is supported by the signal transmission element engagement member. An 

electrostimulation unit is electrically connected to the signal transmission element, for producing 

at least one signal for improving the overall function of an arthritic joint. The electrostimulation 

unit is used in conjunction with the joint stabilizing assembly for greater than 150 hours of 

treatment. 

[0017] According to various embodiments of the invention, an electrode (or other signal 

transmission means) for an orthotic device, comprises a backing layer having an outer surface 

allowing the electrode to be attached to an orthotic device; a conductive layer configured to 

receive and distribute an electrical current according to an electrophysical modality; an interface 

layer configured to conform to a wearer's anatomy and to conduct the electrical current from the 

conductive layer to the wearer's anatomy; and a connection member attached to the conductive 

layer and configured to electrically couple with an electrical contact disposed on the orthotic 

device. 

[0018] According to an embodiment of the invention, an orthotic device system, comprises a 

first support member adapted to be secured to a portion of a first side of a joint; a second 

support member adapted to be secured to a second side of the joint; a means of connecting the 

first support member to the second support member a conformable, discrete liner segment 

attached to the first or second support member configured to provide an attachment location for 

a first electrode; a first electrode disposed on the liner segment configured to contact a first area 

near the joint; a second electrode configured to contact a second area near the joint; and an 

electrostimulation unit in electrical contact with the first and second electrodes and configured to 

provide an electrophysical modality to the leg; wherein the first or second electrode comprises a 

backing layer having an outer surface allowing the electrode to be attached to an orthotic 

device; a conductive layer configured to receive and distribute an electrical current according to 

an electrophysical modality; an interface layer configured to conform to a wearer's anatomy and 

to conduct the electrical current from the conductive layer to the wearer's anatomy; and a 

connection member attached to the conductive layer and configured to electrically couple with 
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an electrical contact disposed on the orthotic device. 
[0019] According to various embodiments of the invention, an orthotic device comprises an 

upper support member adapted to be secured to a thigh; a lower support member adapted to be 

secured to a lower leg, said support members being rigid, semi-rigid, compressive (i.e. a 

sleeve/wrap), or a combination of the above; a means of connecting the upper support member 

to the lower support member; a conformable, discrete liner segment attached to the upper or 

lower support member configured to provide a conforming interface with the thigh or lower leg; a 

first electrode disposed on the liner segment configured to contact the leg; a second electrode 

configured to contact the leg; and an electrostimulation unit in electrical contact with the first and 

second electrodes and configured to provide an electrophysical modality to the leg. 

[0020] According to an embodiment of the invention, an orthotic liner comprises a first surface 

attachable to a support member of an orthotic device; a conductive volume configured to 

conform to a part of an anatomy; and a second surface configured to interface with the part of 

the anatomy; wherein the conductive volume and second surface are configured to transmit 

electrostimulation signals to the part of the anatomy. 

[0021] According to another embodiment of the invention, an electrostimulation unit comprises 

an electrostimulation signal generator configured to be attached to a support member of an 

orthotic brace and configured to provide an electrophysical modality to a circuit comprising a 

plurality of electrodes and a portion of an anatomy; wherein an electrode is disposed on a 

conformable, discrete liner attachable to a support member of the orthotic brace. 

[0022] Other features and aspects of the invention will become apparent from the following 

detailed description, taken in conjunction with the accompanying drawings, which illustrate, by 

way of example, the features in accordance with embodiments of the invention. The summary is 

not intended to limit the scope of the invention, which is defined solely by the claims attached 

hereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The present invention, in accordance with one or more various embodiments, is 

described in detail with reference to the following figures. The drawings are provided for 

purposes of illustration only and merely depict typical or example embodiments of the invention. 

These drawings are provided to facilitate the reader's understanding of the invention and shall 

not be considered limiting of the breadth, scope, or applicability of the invention. It should be 

noted that for clarity and ease of illustration these drawings are not necessarily made to scale. 

[0024] Some of the figures included herein illustrate various embodiments of the invention 

from different viewing angles. Although the accompanying descriptive text may refer to such 

views as "top," "bottom" or "side" views, such references are merely descriptive and do not imply 

or require that the invention be implemented or used in a particular spatial orientation unless 

explicitly stated otherwise. 
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[0025] FIG. 1 is a front elevation of a knee brace according to the present invention. 

[0026] FIG. 2 is a rear elevation of the brace of FIG. 1. 

[0027] FIG. 3 is a partial plan view of the brace of FIG. 1. 

[0028] FIG. 4, consisting of FIGS. 4A and 4B, is a plan view and side elevation, respectively of 

a liner element of the present invention. 

[0029] FIG. 5, consisting of FIGS. 5A and 5B, is a plan view and side elevation, respectively of 

an alternative embodiment of the liner element. 

[0030] FIG. 6, consisting of FIGS. 6A and 6B, is a front elevation and rear elevation, 

respectively, of a liner segment having electrophysical modality according to the present 

invention. 

[0031] FIG. 7 is a perspective view of an orthotic device adapted for receiving a segmented 

tibial liner element. 

[0032] FIG. 8 is a view partially in section of the orthotic device in FIG. 7 illustrating 

attachment of the segment and tibial liner element. 

[0033] FIG. 9 is a cross section view taken through line IX-IX in FIG. 7. 

[0034] FIG. 10 is a cross section view similar to FIG. 9 and also illustrating attachment of the 

segmented tibial liner. 

[0035] FIG. 11 illustrates a preferred embodiment of a segmented active tibial management 

liner. 

[0036] FIG. 12 is a detailed view of the orthotic device in FIG. 7 and illustrating an alternative 

embodiment of a segmented tibial liner. 

[0037] FIG. 13 illustrates an embodiment of a segmented active tibial management liner. 

[0038] FIG. 14 is a top plan view of the segmented tibial liner element in FIG. 13. 

[0039] FIG. 15 is a side plan view of the segmented active tibial liner element in FIG. 13. 

[0040] FIG. 16 is a front plan view of a segmented tibial liner. 

[0041] FIG. 17 is a top plan view of the segmented tibial liner in FIG. 16. 

[0042] FIG. 18 is a front plan view of a segmented tibial liner receptacle plate, such as on an 

orthotic device as shown in FIG. 7. 

[0043] FIG. 19 illustrates variable attachment positions for the segmented tibial liner as shown 

in FIGS. 16 and 17. 

[0044] FIG. 20 is a cross sectional view of an orthotic device similar to the orthotic device 

shown in FIG. 7 illustrating a further embodiment of a segmented tibial liner. 

[0045] FIG. 21 illustrates an embodiment of a chock for use with the segmented tibial liner in 

FIG. 20. 

[0046] FIG. 22 is a cross section view showing a segmented tibial liner receptacle plate in and 

alternative manner of attaching a segmented tibial liner. 

[0047] FIG. 23 is a cross section view similar to FIG. 22, showing a still further embodiment of 

a manner of attaching a segmented tibial liner. 

[0048] FIG. 24A illustrates a side perspective view of an orthotic device system with 
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electrophysical modality components, according to an embodiment of the invention. 

[0049] FIG. 24B illustrates a side perspective view of an orthotic device system with 

electrophysical modality components, according to an embodiment of the invention, in which the 

electrostimulation unit is integrally manufactured into the joint stabilizing assembly. 

[0050] FIG. 25A is a lateral plan view of an orthotic device system according to an 

embodiment of the invention. 

[0051] FIG. 25B is a lateral plan view of an orthotic device system according to an 

embodiment of the invention in which a dynamic signal modulation system is utilized, and in 

which the electrostimulation unit is integrally manufactured into the joint stabilizing assembly . 

[0052] FIG. 25C shows an inside view of the FIG. 25B embodiment, with the inner hinge plate 

removed to reveal the dynamic signal modulation system. 

[0053] FIG. 26 is a lateral perspective view of a knee brace assembly worn on a user's leg 

according to an embodiment of the invention. 

[0054] FIGS. 27A and 27B illustrate two examples of thigh cuffs with electrostimulation units 

according to embodiments of the invention. 

[0055] FIG. 28 shows a plan view and a lateral side view of an electrostimulation pad 

electrode according to an embodiment of the invention. 

[0056] FIG. 29 illustrates a side view of an electrode disposed on an orthotic device according 

to an embodiment of the invention. 

[0057] FIG. 30 is a plan view of an electrode disposed on a segmented liner according to an 

embodiment of the invention. 

[0058] FIG. 31 illustrates an electrode having a plurality of connection portions according to 

an embodiment of the invention. 

[0059] FIG. 32 illustrates a cross-sectional view of an electrode according to an embodiment 

of the invention. 

[0060] FIG. 33 illustrates a plan view of a further electrode according to an embodiment of the 

invention. 

[0061] FIG. 34 illustrates a cross-sectional view of an electrode according to an embodiment 

of the invention. 

[0062] FIG. 35 illustrates a plan view of nesting electrodes according to an embodiment of the 

invention. 

[0063] FIGS. 36A, 36B, and 36C illustrate lateral views of an adjustable electrode and liner 

according to an embodiment of the invention. 

[0064] FIG. 37 illustrates a lateral view of an adjustable electrode and liner with contact 

element according to an embodiment of the invention. 

[0065] FIG. 38 illustrates an embodiment of the present invention in which the joint stabilizing 

assembly comprises adhesive tape integrally constructed with a signal transmission element. 

[0066] FIG. 39 shows tabulated results from a study conducted using an embodiment of the 

present invention of an electrostimulation unit and a joint stabilizing assembly, as compared to a 
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study using an electrostimulation unit alone. 
[0067] The figures are not intended to be exhaustive or to limit the invention to the precise 
form disclosed. It should be understood that the invention can be practiced with modification and 

alteration, and that the invention be limited only by the claims and the equivalents thereof. 

DETAILED DESCRIPTION OF THE EMBODIMENTS OF THE INVENTION 

[0068] Referring now to the drawings in detail, wherein like reference characters refer to like 
elements, there is shown in FIG. 1 a knee brace 10 according the present invention. The 

invention will be described with reference to a knee brace; however, it will be understood that 
the invention is also applicable to other orthotic devices such as an ankle, back, arm, shoulder, 

or wrist brace, and other devices for relieving pain in any body portion of the user. Although this 

invention will be described by way of example and with reference to preferred embodiments 
thereof, it is to be understood that modifications or improvements may be made thereto without 
departing from the scope or spirit of the invention. It should be noted that various changes and 

modifications to the presently preferred embodiments described herein will be apparent to those 

skilled in the art. Such changes and modifications may be made without departing from the spirit 
and scope of the present invention and without diminishing its attendant advantages. It is, 
therefore, intended that such changes and modifications be included within the present 
invention. 

[0069] Referring to FIG. 1, a knee brace 10 is shown having a biomechanical support 

comprising two substantially rigid arms, 13 and 16, which are joined together by a hinge 
assembly 19. Connected to the rigid arms are upper and lower structures 22 and 25, 
respectively which, together with straps 28 and 31 are used to form a primary engagement with 

the user's leg above and below the knee . This engagement can be augmented by further 
straps 37 and 40. The hinge assembly 19 has a predetermined range of movement 

corresponding to the desired range of flexion/extension of the knee of the user. The upper and 
lower support structures 22, 25 are generally referred to as cuffs. 
[0070] The upper cuff 22 is adapted to be secured to the user's thigh (femur) and the lower 

cuff 25 is adapted to be secured to the lower leg or calf (tibia). In this way the hinge assembly 19 
is placed adjacent the axis of the user's knee joint, thereby allowing the knee brace 10 to 

substantially mimic the bending of the user's knee as the user goes about his or her otherwise 
normal activities. In the preferred embodiments, upper and lower cuffs 22, 25 comprise adaptive 
support structures that are constructed from a semi-rigid material such as a thermoplastic 
elastomer or a thermoplastic rubber. 

[0071] Furthermore, the preferred embodiments may include a rigid material 43 that is 
integrally molded into upper and lower structures 22, 25, or is alternatively fixedly attached to 
the structures. Rigid material 43 has a greater rigidity than the semi-rigid material from which 

upper and lower structures 22, 25 are molded, and is preferably malleable. In the preferred 
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embodiments, rigid material 43 comprises a sheet aluminum material which has an appropriate 

thickness (for example, on the order of about 1-2 two millimeters thick), or other deformable 

metal, so that it may be easily shaped by the user using his or her hands to assist the adaptive 

material from which the structures 22, 25 are manufactured to generally conform to the portion 

of the anatomy to which the device is to be attached. 

[0072] Attached directly or indirectly to the upper and lower cuffs 22, 25 is a liner arrangement 

46, which may take a variety of different forms. In the most preferred embodiments illustrated in 

the figures, the liner arrangement 46 takes the form of a plurality of discreet segments 49. Each 

segment 49 preferably comprises a resilient material, which may be formed by moulding for 

example, cutting or otherwise shaping an appropriate material. Alternatively, in the most 

preferred embodiments each segment 49 comprises a material such as a soft resilient foam and 

an outer layer of material which is intended to contact human skin, such as material sold under 

the trade name DRYTEX®. This material is preferred for its property of combining a highly 

durable nylon material with a micro-porous waterproof and breath-able coating, which allows 

perspiration of the user to escape through the fabric while preventing moisture from entering the 

brace so as to provide a comfortable feel for the user of the brace 10. 

[0073] Each segment 49 may also have properties of resilience provided by a fluid, such as 

air or water, or other substances such as gels. The segments 49 may include a fluid or gel which 

can be heated or cooled yet is still resilient and conforming, so as to provide an additional 

therapeutic benefit to the user. Because of their resilience, the segments 49 adapt to the 

particular leg shape and musculature of the user. This enables the knee brace 10 to 

accommodate a variety of muscular shapes and sizes, as the resilient segments 49 readily 

conform to the user's thigh and calf as the cuffs 22, 25 are secured about the user's leg. The 

brace 10 can be made snug to the user's leg without having to over-tighten the straps 28, 31, 37 

and 40. Moreover, the DRYTEX® material, or other breathable fabric, prevents excess moisture 

or sweating of the user's leg between the skin and the brace. 

[0074] The segments 49 may be engaged with upper and lower cuffs 22, 25 by providing 

those structures with a selected lining, such as a hook and loop fastener arrangement, 

commonly referred to as "VELCRO" One half of the VELCRO® material is provided on the rear 

portion of each segment 49 and can then be engaged with the other half VELCRO® on the 

upper and lower cuffs 22, 25 so that the segments can be secured in the desired position. This 

construction has a further advantage that the segments may be repositioned depending upon 

the requirements of the user. Furthermore, segments of a number of different shapes and sizes 

having different properties (for example varying properties of resilience or hardness) may be 

provided and the user may substitute segments or rearrange the location of segments so that a 

comfortable and effective fit is achieved. 

[0075] As another alternative, the segments may advantageously be linked together. For 

example, in FIGS. 4 and 5 segments 52 are illustrated as being interconnected by being placed 

on a substantially planar substrate 55. As can be seen, each segment 52 protrudes, so that 
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when a rear surface of substrate 55 is affixed to support structure 22, 25 for example, the 

segments 52 make contact with the body of the user. As discussed above, the segments 52 

may also be provided with varying properties, for example varying size (including varying height 

of protrusion), varying properties of resilience or support, and varying position. 

[0076] The design of the segments can also be such as to facilitate skeletal grip, quite apart 

from grip to soft flesh or pure arrangement for user comfort. Therefore, for example the 

interconnected segments illustrated in FIGS. 4 and 5 may be provided in a knee brace 10 to 

provide enhanced skeletal grip, for example gripping the tibia. 

[0077] Turning to FIG. 6, yet another application of the invention can be described with 

reference to segment 58 which on a reverse side can include a VELCRO® attachment 61 to 

enable the segment 58 to be connected to the support structure 22, 25 of the orthotic device 10, 

as described above. However, on the side of the segment 58 that contacts the body of the user, 

the segment includes one or more electrodes (or other signal transmission elements) 64 which 

are supplied with electrical energy by one or more conductors 67. The conductors 67 are 

connected to an electrical source (not shown) such as a portable and lightweight battery pack 

that can easily be carried on the user's body. By supplying electrical energy in the desired form, 

the segment 58 can provide Electrophysical Modality such as muscle stimulation, for example 

stimulating quadriceps muscles in the user's knee, and provide pain relief such as that 

commonly known as TENS. Each segment (or selected segments) may include one electrode 

64, which forms a circuit with another electrode (or electrodes) on other segments 58. 

[0078] TENS is typically produced through high frequency electrical stimulation of the nerve, 

which disrupts the pain signal so that the pain is no longer felt. Although the exact mechanism is 

not yet known, it is believed that TENS works by two different ways. First, electrical stimulation 

of the nerve fibers can block a pain signal from being carried to the brain. If the signal is 

blocked, pain is not perceived by the user. Second, the human body has its own mechanism for 

suppressing pain; it does this by releasing natural chemicals, called endorphins, in the brain 

which act as analgesics. TENS may activate this mechanism. By using these electrical pulses to 

stimulate the nerve endings at or near the site of the pain, the user feels diminished pain that is 

replaced by a tingling or massage-like sensation. The electrical power and circuitry for providing 

the TENS stimulation can be provided in a small and relatively lightweight package (not shown) 

which can be worn on the users hip, or directly on the orthotic device, depending on its 

complexity and size. Thus, the orthotic device 10 of the present invention not only provides the 

desired support for the user's otherwise weakened knee, but also provides a therapeutic benefit 

to the user's leg muscles and internal support structures. 

[0079] One purpose of segmentation is to enhance functionality. Segmentation enables a 

degree of customization of the interface of the orthotic device with an individual's anatomy so as 

to achieve better grip and fit. A further function of segmentation provides for better control of 

components, including electrode components. Each segment of the liner can be viewed as an 

individual component, and after considering the surface anatomy and characteristics of the 
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tissue interface, customization of a segment provides solutions to variable shape, tissue turgor, 

soft tissue mobility, and the like. Additional solutions are the incorporation electrodes for 

physiological modalities, e.g., TENS. 

[0080] As will be described in more detail hereinafter with respect to FIGS. 7-23, an adjustable 

liner, or adjustable portions, e.g., segments thereof, can provide multiple solutions to the 

problem of different anatomy profiles. In general, segments of an adjustable liner can be 

configured to enhance fit, in effect being customizable for a particular individual. Embodiments 

of the adjustable liner can include segments thereof which are individually adjustable to suit 

specific activity levels in individual anatomy to insure optimum control of movement in rotation of 

portions of the anatomy. 

[0081] FIGS. 7-23 illustrate certain such embodiments of the invention in the context of a 

practical example of an application for an adjustable liner according to the invention. 

Specifically, embodiments of the adjustable liner are illustrated as components of the tibial 

support member, or cuff, of a knee a brace which interfaces with the anterior border of the tibia 

(i.e., the shin). The purpose of such a brace is to hold the tibia in position and to prevent it from 

subluxing (i.e., slipping forward or back or to either side or rotating). To accomplish this purpose, 

maximum grip is desirable. There is a variety of anatomical shapes in any population group, and 

frequently a difference between male and female profiles in the anterior tibial border region. The 

adjustable liner, or adjustable segments thereof, utilized in the tibial region to provide, for 

example, adjustment for these differences is referred to occasionally hereinafter as an Active 

Tibial Management (ATM) system. 

[0082] Although the following drawing figures illustrate, by way of example, such an 

adjustable liner, or adjustable segments thereof, specifically adapted for positioning in the 

orthotic device adjacent the tibia of a user; the application for an adjustable liner according to 

the invention is not limited to use in regard to only the tibia, but can be satisfactorily designed to 

be used with various other parts of the anatomy, and adjacent not only skeletal structure like the 

tibia, but also soft tissue. The adjustable liner, and particularly adjustable segment thereof, can 

be treated as an individual component, which can be individually designed, after considering the 

surface anatomy and characteristics of the specific tissue interface, to provide solutions to 

variable shape, tissue turgor, soft tissue mobility, and the like. As mentioned previously, 

electrodes for physiological modalities can also be incorporated. 

[0083] Referring now to FIG. 7, an orthotic device 70 is illustrated wherein a lower portion 72 

of the orthotic device is adapted to be located adjacent the tibia of a person's leg. Referring to 

FIG. 8, the lower portion of the device is shown having an ATM back plate 75 including a 

receptacle, or slot 78, to receive an adjustable tibial liner pad 80 via a rib 81 on the back surface 

of the adjustable liner 80. As can be seen in FIG. 7, the upper portion 83 of the orthotic device 

70 can include an attachment point 85 for other adjustable and/or segmented liners or adaptive 

element attachments. In addition, upper attachment points 87 for a femoral proximal strap (not 

shown) and lower attachment points 90 for a gastrochnemius strap (not shown) can also be 
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provided. The adjustable liner 80 can preferably comprise a pair of arm segments, or cams 93, 

96, which define a tibial crest alignment groove 99 there between. Each cam segment 93, 96 

can be individually adjustable in a variety of ways. In this manner, the cam segments 93, 96 can 

be manipulated to adjust the shape of the adjustable liner 80. 

[0084] As shown better in FIGS. 8, 9 and 10, adjustable cams 93, 96 of the tibial liner 80 

enable an individual, adjustable fit for specific activity levels and individual anatomy types to 

ensure optimal movement and rotation of the tibia. The individually adjustable cams 93, 96 

enable adjustment on either side of the tibial crest 99 to ensure optimum fit and conformity to an 

individual's anatomy. 

[0085] FIG. 9 is a cross section view showing the receptacle, e.g., slot 78, in the ATM back 

plate 75, and FIG. 10 shows the adjustable tibial liner 80 secured against the ATM receptacle 

plate 75 with the rib 81 engaged in the slot 78. 

[0086] Referring now to FIG. 11, the three views illustrate how the adjustable cams 93, 96 are 

adjustable in a plurality of different ways. As the upper most view shows each cam 93, 96 on 

opposite sides of the tibial crest 99, can be rotated forwards or backwards to adjust the fit. 

Additionally, as illustrated in the center view, both of the cams 93, 96 can be adjusted towards 

each other, or away from each other, to increase or decrease the pressure against the tibia as 

desired. Finally, the lower view illustrates how the cams 93, 96 can be adjusted to provide 

increased pressure on only one side of the tibia, to fit an individual's anatomy and to counteract 

rotation. 

[0087] FIGS. 12 through 15 illustrate a further embodiment of an adjustable tibial liner 100, in 

which the adjustable liner 100 can comprise a pair of pad segments 103, 106 which can be 

adjusted similarly to the cam segments 93, 96 in the previously described embodiment of the 

adjustable tibial liner 80. In this present embodiment, the adjustable tibial liner 100 can be 

secured to the ATM back plate 75 in the same fashion as the adjustable tibial liner 80 described 

previously, such as via a rib 108 received in the receptacle, i.e., slot 78, in the ATM back plate 

75. Each pad segment 103, 106 can be adjusted in the ways illustrated in FIGS. 13-15. As 

shown in FIG. 13, each pad segment 103, 106 can be individually rotated (clockwise or counter­

clockwise), either away from or towards each other. Alternatively, a single pad may be rotated in 

either such direction without adjustment of the other pad. FIG. 14 shows a second type of 

adjustment, toward or away from the tibia, which is common with the adjustable arm segments 

93, 96 of the adjustable liner 80, as shown in FIG. 11. 

[0088] Referring to FIG. 15, the adjustable tibial liner 100 can additionally be designed such 

that each pad segment 103, 106 incorporates a pneumatic bladder, to enable each pad segment 

103, 106 to expand or shrink. This enables increased control of the individual pressure of each 

pad segment 103, 106 to counteract tibial rotation, and to also provide a more customized fit 

relative to the individual's anatomy. As shown in FIG. 15, each pad 103, 106 has a certain 

thickness, and by provision of a pneumatic system for inflating and/or deflating each individual 

pad 103, 106, the width "W" of each pad 103,106 can thereby be increased or decreased to 

12 



WO 2011/146150 PCT/US2011/023200 
control the individual pressure each pad 103, 106 exerts on the tibia. 

[0089] Referring now to FIGS. 16, 17 and 18, a further embodiment of an adjustable tibial liner 

120 is illustrated which can be similar to the adjustable tibial liner 80 in FIGS. 7-11. The tibial 

liner 120 includes cam segments 123, 126 which can be individually adjustable, and which 

define a tibial crest groove 129 there between. A difference is that the adjustable tibial liner 120 

in FIG. 16 is attachable to an ATM back plate 132, such as shown in FIG. 18, via a hook and 

loop fastener system, e.g., VELCRO®. As shown in FIG. 17, a layer 135 of VELCRO® material 

can be provided on the back surface of the adjustable liner 120 and can mate with cooperating 

portions 138 of VELCRO® provided on the ATM plate 132 shown in FIG. 18. 

[0090] Referring to FIG. 19, the three views show that the adjustable tibial liner 120 can be 

easily attached at a number of different positions on the ATM plate 132, as enabled by the 

VELCRO®. attachment system. For example, the adjustable liner 120 can be centered on the 

ATM plate 132 as shown in the top view, or can be offset laterally (left to right) as shown in the 

center view, or can be offset vertically (up and down) as shown in the bottom view. Additionally, 

any combination of lateral and vertical offset is also possible. 

[0091] Referring now to FIGS. 20 and 21, a further embodiment of an adjustable tibial liner 

150 is illustrated, wherein the attachment of the liner 150 to the ATM back plate, generally 

referenced at 162, can be similarly accomplished using a VELCRO® type fastener system as 

described above. The adjustable tibial liner 150 preferably includes individually adjustable cam 

segments 153,156 which define a tibial crest groove 159 there between. FIG. 20 is a cross 

section view of an orthotic device, including the ATM back plate, i.e. at 162, which may be 

similar to the tibial cuff portion of the orthotic device illustrated in FIG. 18. As with the preceding 

embodiment, one layer (not shown) of VELCRO® material is affixed to the ATM back plate 162 

and a cooperating layer 165 of the VELCRO® material is attached to the mating side of the 

adjustable tibial liner 150. 

[0092] Each cam segment 153,156 can be adjustable in the same manner as the cam 

segments 83, 86 of the tibial liner 80 illustrated in FIGS. 7-11. Additionally, however, as can be 

seen in the two lower views of the adjustable tibial liner in FIG. 20, the positioning of the cam 

segments 153, 156 can further adjusted using chocks 170, i.e., the wedge shaped members 

illustrated in FIG. 21. The chocks 170 are inserted between the cams 153, 156 and the ATM 

back plate to further adjust, and maintain, the position of the cam segments 153, 156. 

[0093] As shown best in FIG. 21, the chocks 170 can be provided in different sizes, and with 

different angles as shown in the three upper side views of chocks 171, 172 and 173 in FIG. 21. 

This enables accommodation of varied tibial profiles to customize the fit of the adjustable tibial 

liner 150, to an individual's anatomy. The chocks 170 can be attached between either or both 

cams 153.156 of the tibial liner 150 and the ATM back plate via a VELCRO® type fastener 

arrangement as described previously. As illustrated, one side of the chock 170 has a layer 175 

of VELCRO® material to attach which cooperates with a mating layer 165 of VELCRO® material 

on the back of the adjustable tibial liner 150. Additionally, the opposite side of the chock 170 has 
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another layer 178 of VELCRO® material which cooperates with the layer (not shown) of 

VELCRO® material provided on the ATM back plate. 

[0094] Referring now to FIGS. 22 and 23, further embodiments of adjustable tibial liners 180 

and 190 are illustrated attached to an ATM back plate 188 (shown in cross section). As shown in 

both FIGS. 22 and 23, the adjustable tibial liners 180 and 190 can be rigidly attached to the ATM 

back plate 188, for example by a fastener 189, such as a screw or rivet. Each adjustable tibial 

liner 180, 190 includes individually adjustable cam segments (182, 184 and 192, 194) which 

define a tibial crest groove (186 and 196) there between. 

[0095] FIG. 22 illustrates a pair of spacers 187 provided intermediate each cam segment 182, 

184 of the adjustable tibial liner 180 and the ATM back plate 188. The spacers 187 can be 

individually adjusted as to both the position and size thereof to maintain the adjustable tibial liner 

180 in a particular position, or configuration, after initial adjustment. 

[0096] As shown in FIG. 23, pneumatic elements 197 could also be provided instead of, or in 

combination, with spacers. The pneumatic elements 197 are positioned intermediate each cam 

segment 192,194 of the adjustable tibial liner 190 and the ATM back plate 188. The pneumatic 

elements 197 can be individually inflated, and deflated, to adjust the shape of the liner 190, 

and/or the positioning of each cam segment 192, 194 to provide individualized fit and activity-

specific levels of tibial control, as described previously in regard to other embodiments of the 

adjustable tibial liner. 

[0097] FIG. 24A illustrates a side perspective view of the orthotic device system for treating 

arthritis of the present invention, designated generally as 200. The system 200 includes an 

orthotic device (i.e. joint stabilizing assembly) 201 with electrophysical modality components, 

according to an embodiment of the invention. The illustrated orthotic device comprises a knee 

brace 201 with two electrostimulation pads 204 and 205. Electrostimulation pads 204 and 205 

may be used in conjunction with electrostimulation controller (i.e. electrostimulation unit) 208 to 

provide electrophysical modalities. Such electrophysical modalities might include, for example 

Surface Electrical Stimulation (SES), Neuromuscular Electrical Stimulation (NES/NMES), 

Interferential Stimulation (IS/IF), High Volt Galvanic Stimulation (HVGS), High Volt Pulsed 

Current (HVPC), Electromagnetic and Pulsed Electromagnetic Field Stimulation (EFS and 

PEFS/PEMF), Transcutaneous Electrical Nerve Stimulation (TENS), Transcutaneous Electrical 

Joint Stimulation (TEJS), Transcutaneous Electrical Stimulator for Arthritis (TESA), or Micro 

Current Electrical Stimulation (MCES). Electrostimulation module 208 is configured to provide 

the electrostimulation voltages and currents to the leg via the electrostimulation pads. 

[0098] FIG. 24B illustrates the orthotic device system 200', i.e. system for treating arthritis, 

with the electrostimulation unit 208' integrally manufactured into the joint stabilizing assembly 

201'. As in the previous embodiment, the system 200' for treating arthritis includes the joint 

stabilizing assembly 201' for providing relief from arthritis. A signal transmission element 

engagement member 202' is operatively connected to the joint stabilizing assembly for 

connecting a signal transmission element 204'. The signal transmission element engagement 
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member 202' may be, for example, a segmented liner, a foam or neoprene softgood or non-

segmented liner. The signal transmission element 204' may be, for example, an electrode, a 

conductive gel, a conductive garment, or other suitable conductive material. The 

electrostimulation unit 208' is electrically connected to the signal transmission element 204' for 

producing a signal for improving the overall function of an arthritic joint. The electrostimulation 

unit 208' is used in conjunction with the joint stabilizing assembly 201' to provide a synergistic 

effect, which results in optimized joint treatment versus using either the joint stabilizing assembly 

or electrostimulation unit alone, as described below. 

[0099] Description of Optimized Orthosis Elements 
[00100] This description is given using an osteoarthritis knee brace as an example of one 

orthosis embodiment. Those skilled in the art will be able to apply these descriptions to other 

areas of the anatomy and orthosis/bracing applications. 

[00101] 1. Anatomic adjustment and fit: The brace must be able to conform to the individual 

patient's anatomy. This can be achieved via mechanical adjustment of the brace, using 

alternate components, adjusting compression, or similar means. 

[00102] 2. Support: The orthosis will offer support via rigid components against the 

anatomy, or via compression of soft tissue. This compression also offers proprioceptive 

feedback from the joint, which allows the patient to control joint movement and minimize the 

chances of further trauma. This proprioceptive benefit has the effect of slowing the natural 

aging process of arthritis. 

[00103] 3. Pain relief: This can be accomplished in several ways. One method is by an 

adjustable mechanism that alters or relieves pressure within the joint. Another method is via 

compression to keep internal anatomic structures and tissue in place. Still another is via 

insulation to retain heat within the joint area. Still another is increased circulation from orthosis 

against the soft tissue. As with any injury, this circulation aids the healing process, either 

directly at the trauma site, or indirectly to the structures around the site. 

[00104] 4. Resistance to migration. In the case of a knee orthosis, distal migration must be 

minimized if not eliminated. This can be accomplished by using high-friction materials for the 

liners and straps to maximize frictional shear forces between the orthosis and anatomy. Another 

means to limit migration is by using lightweight materials or designing the orthosis to gain 

strength via the geometry of the material, rather than the amount of material used. Still another 

means to limit migration is to design the orthosis to follow the general contours of the anatomy, 

even without any adjustment or customization. This maximizes contact with the anatomy, and 

minimizes migration. 

[00105] Description of Optimized Stimulation Elements 
[00106] This description is given using a knee joint as an example. Those skilled in the art will 

be able to apply this description to other areas of the anatomy. 

[00107] 1. Non-pharmaceutical design: Anti-inflammatory drugs such as NSAIDs cause 
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damage to body structures such as the liver and stomach. 

[00108] 2. Non-invasive design: Invasive methods such as total knee replacements are 

expensive, painful, and have long recovery times. Other less-invasive methods such as 

implantable stimulation devices still have high cost, complications, and maintenance. For 

example, when a power source is replaced, a patient must schedule and endure another 

surgical procedure. In order to achieve a viable and attractive alternative to pharmaceutical and 

surgical methods, this invention must be simple and robust in design, have low maintenance 

costs (electrodes/batteries), and allow the user to continue with their activities of daily living 

while receiving treatment. 

[00109] 3. Treat condition or minimize symptoms: The device must minimize pain, stiffness, 

and maximize range-of-motion. This can be achieved via a signal that mimics the natural 

electrical changes during gait, and also by blocking pain signals from the affected area. 

[00110] 4. Ease of use: the method must be easy to apply and employ by the user, with 

little outside intervention after the initial training/fitting session. 

[00111] The orthotic device provides support and proprioceptive input, thereby slowing the 

natural degenerative process. This allows the electrostimulation process to provide enhanced 

benefits as outlined here and in the reference studies. Combining, then integrating the above 

elements together from the orthosis and electrostimulation device achieves a synergistic effect 

which is more beneficial than either treatment alone. 

[00112] Osteoarthritis is a mildly inflammatory, degenerative disease affecting the cartilage of 

weight-bearing joints. Cartilage is a dynamic tissue, which is constantly being broken down by 

the wear and tear and movement in weight-bearing joints. This may be augmented by 

inflammatory cytokines, such as may be produced with trauma. In normal individuals, the 

chondrocytes or cartilage cells, produce an appropriate amount of matrix macromolecules, such 

as proteoglycans and type II collagen, so that growth of new cartilage compensates for that 

which is being worn away. 

[00113] Thus, if specific electrical signals are able to stimulate the development of more 

cartilage cells, this would be beneficial for the treatment of osteoarthritis. Indications that this is 

occurring may be measured by: 1 - demonstration of accelerated differentiation of progenitor 

cells or primitive mesenchymal cells into mature chondrocytes; 2 - demonstration of an 

increased proliferation of chondrocytes; 3 - demonstration that the signal increases DNA 

synthesis in cartilage cells, which would be an indirect measure of chondrocyte proliferation; 4 --

demonstration that the signal is capable of generating hyaline cartilage production. 

[00114] Even without the production of more chondrocytes, if a specific signal is capable of 

stimulating, whatever chondrocytes are available to produce more of the matrix macromolecules 

for cartilage production; this would also be beneficial to the treatment of osteoarthritis. 

Indications that this is occurring may be measured by: 1 - demonstration that the signal 

provides cartilage maintenance and repair; 2 - demonstration that the signal repairs cartilage 

defects; 3 - demonstration that the signal is able to enhance matrix macromolecule production 
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such as proteoglycans and type II collagen. 4 -- demonstration that the signal increases the 

production of building blocks for matrix macromolecules such as glycosaminoglycans. 

[00115] The above synthetic and proliferative processes would be enhanced by signals which 

are capable of increasing transforming growth factor beta (TGFB.). 

[00116] Degenerative processes would be enhanced by inflammatory and pro-inflammatory 

cytokines, which increase degradation of cartilage. This would be detrimental and enhance the 

osteoarthritic process. Indications that an electrical signal is capable of inhibiting these enzymes 

may be measured by: 1 — demonstration that a signal is able to suppress production of IL-1 

(interleukin-1), Tumor Necrosis Factor (TNF), prostaglandins (PGE2), and Matrix 

MetalloProteinases, including but not limited to MMP1, MMP3, and MMP 13; 2 - demonstration 

that a signal is able to inhibit mitogen - activated protein kinases (MAPKs); 3 - demonstration 

that a signal is able to inhibit interferons including but not limited to, IL-6 and IL-9; 4 -

demonstration that a signal is capable of inhibiting NOS and the production of free oxygen 

radicals. 

[00117] Per the above discussion, the signal may perform one or more of the following 

functions: 

[00118] a) Increase DNA synthesis; 

[00119] b) Increase chondrocyte proliferation 

[00120] c) Generate hyaline cartilage 

[00121] d) Accelerate differentiation of progenitor cells to mature chondrocytes 

[00122] e) Provide cartilage maintenance and repair 

[00123] f) Repair cartilage defects; 

[00124] g) Increase proteoglycan synthesis; 

[00125] h) Increase glycosaminonglycan synthesis; 

[00126] i) Increase transforming growth factor beta (TGFB); 

[00127] j) Activate genes responsible for the production of proteoglycans and Type II collagen; 

[00128] k) Suppress production of IL-1, Tumor necrosis factor, prostaglandins (PGE2), and 

matrix metalloproteinases including MMP1, MMP3, MMP13; 

[00129] I) Inhibit of Mitogen-activated protein kinases (MAPKs); 

[00130] m) Inhibit of interferon, IL-9, and IL-6; 

[00131] n) Downregulate IL-15. 

[00132] The signal may be such as described in US Patent 5,273,033, issued to K.C. Hoffman 

on December 28, 1993, hereby incorporated by reference in its entirety. 

[00133] Other signals could also be used, such as the signal as described in US Patent 

4,487,834, issued to C.T. Brighton on December 11, 1984, hereby incorporated by reference in 

its entirety. 

[00134] The electrostimulation unit 208 may generate different signals of varying duty cycles, or 

no signal at all, for portions of the treatment. It may provide for custom programming based on 

the patient's needs, conditions, or attributes. For example, the system may assume a certain 
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cadence for gait, patient weight, special medical condition, etc, and alter the frequency, 

amplitude, or waveform shape throughout treatment based on a predetermined protocol for this 

combination of patient information. 

[00135] In various embodiments, the electrostimulation pads may comprise various means to 

provide electromagnetic fields to a wearer's anatomy. In particular embodiments, 

electrostimulation pads 204 and 205 comprise resilient or conformable electrodes, such as 

electrodes composed of conductive fabrics, gels, polymers, liquids, or colloids. Such electrodes 

allow electrical stimulation to be applied directly to the skin and through the tissue of a wearer 

while allowing the electrostimulation pads to conform to the wearer's anatomy. For example, a 

particular electrode might be comprised of an isotropically conducting polymer bladder filled with 

a conducting fluid configured such that, when the knee brace is worn, the constriction of the 

knee brace causes the polymer bladder to expand normal to the axis of constriction such that a 

large conducting surface is formed at the wearer's skin. In other embodiments, the electrode 

may be constructed of thin layers of conductive and non-conductive materials, resulting in a very 

low-profile component that easily conforms to the wearer's anatomy. 

[00136] Such electrostimulation pads may be coupled to segmented liners, signal transmission 

element engagement members, or adjustable liners as described herein. Accordingly, these 

electrophysical segments may be removable and adjustable in position and angle depending on 

the wearer's needs and conditions. For example, such electrostimulation pads or segments may 

be adjustable to improve engagement of the device with the user's anatomy. As another 

example, in the embodiment illustrated in FIG. 24A, a first electrostimulation segment 205 

disposed on band 203, which is configured to wrap around a user's knee, and a second 

electrostimulation segment 204 is disposed on the upper rigid portion within liner 202. In this 

embodiment, electrostimulation segment 205 may comprise a conductive fabric or flexible 

conductive polymer such that band 203 is able to conform to the anatomy of a user's knee and 

electrostimulation segment 204 may comprise a semirigid, resilient element to structurally 

support the rigid upper portion of the knee brace. For example, electrostimulation segment 204 

might comprise a rigid metal conducting element coupled to a conforming conductive pad, such 

as an electrically conducting gel. The use of SES in this embodiment might comprise 

transmitting a current from electrostimulation pad 205 to electrostimulation pad 204 such that an 

electrical signal is transmitted from the knee or lower leg to the thigh. 

[00137] In other embodiments, further electrostimulation segments might be provided 

according to the desired electrophysical modality. For example, in a knee brace configured to 

apply interferential stimulation, a second electrostimulation segment (not shown) may be 

disposed on the opposite surface of band 203 such that electromagnetic radiation emitted by 

electrostimulation segment 205 and the second electrostimulation segment constructively 

interfere at a predetermined location within a user's knee. 

[00138] In various embodiments, the electrostimulation controller 208 may be configured such 

that multiple electrophysical modalities may be applied. For example, in the embodiment 
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illustrated in FIG. 24A, a third electrostimulation pad may be disposed on the posterior portion of 

band 203 such that stimulation may be applied between electrostimulation segments 204 and 

205 during a first time interval and interferential electrostimulation may be applied between 

electrostimulation segment 205 and the third electrostimulation segment during a second time 

interval. Other electrodes or electrostimulation pads or segments may be disposed at additional 

or alternative locations. For example, an electrostimulation segment may be disposed on the 

lower portion 207, in a substantially similar manner as electrostimulation pad 204. 

[00139] FIG. 25A is a lateral plan view of the knee brace assembly illustrated in Figure 24A. 

Knee brace 201 comprises an upper portion 210 configured to engage with and be secured to a 

wearer's thigh; a band 203 configured to engage with a wearer's knee in a semi-constrictive 

manner; and a lower portion 211 configured to engage with and be secured to a wearer's calf. 

Upper portion 210 further comprises an electrostimulation module 208 electrically coupled to an 

interface area on upper portion 210 or lower portion 211. Upper portion 210 may further 

comprise a liner 202, such as an adjustable or segmented liner as described herein, to allow the 

brace to conform to a wearer's anatomy in a comfortable manner. As described herein, liner 202 

may further comprise electrodes electrically coupled to electrostimulation module 208 to enable 

electrostimulation module 208 to deliver electrophysical modalities to a wearer. 

[00140] Knee brace 201 may further comprise a band 203 coupled to the brace such that the 

brace is maintained in a substantially stable position and such that electrodes may be disposed 

at a plurality of locations around the anatomy of a user's knee. For example, band 203 may be 

coupled the hinging portion of knee brace 201 and elastically conform to the circumference of a 

portion of the user's knee such that the brace is rotationally stable and translationally stable in 

the distal proximal axis without causing excessive discomfort to a wearer. Accordingly, a surface 

is provided to adjustably position electrodes on a wearer's knee anatomy and any electrodes 

positioned on the upper or lower brace portions are maintained in a stable position. 

[00141] FIG. 25B is a lateral plan view of the system illustrated in Figure 24B. Outer hinge plate 

212' is shown. 

[00142] FIG. 25C shows an inside view of the embodiment in 25B. The inner hinge plate is 

removed to reveal a dynamic signal modulation system 222'. This system is operatively 

associated with the joint stabilizing assembly and the electrostimulation unit 208' for varying the 

signal dynamically, based on the joint's instantaneous position, velocity, or acceleration. One 

embodiment could include a modified potentiometer 214' with a lever 216'. The lever 216' is 

attached to (and moves with) a hinge arm 220'. 

[00143] As the knee (and brace) is flexed with each step, the Loaded and Unloaded states of 

the joint can be deduced from the instantaneous gait stage. As the brace angle changes, the 

electrical potential varies through the potentiometer 214'. 

[00144] The information of the angle, velocity, or acceleration of the arm 220' during gait is fed 

into the signal generator 208' via a wire 218', or wireless signal, in real-time. The generator 208' 

interprets this information and varies the signal (or turns it OFF for a period of time) based on 
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the joint's instantaneous position, velocity, or acceleration; and depending on pre-programmed 

protocols. For example, during the heelstrike phase of gait, the signal may be temporarily 

amplified or the waveform shape or frequency changed to match the joint's natural rhythm of 

increased current flow during joint compression. 

[00145] The benefit of this is twofold: (1) The dynamic modulation functions to minimize 

accommodation. (2) The dynamic modulation can be tuned for each joint range of motion, giving 

an instantaneously-optimized signal as the joint moves through each range. Todd, et al. rely on 

an adjustable, but static functionality. 

[00146] FIG. 26 is a lateral perspective view of a knee brace assembly worn on a user's leg 

according to an embodiment of the invention. As illustrated and described herein, the disposition 

of the upper cuff portion 206 anterior of the wearer's thigh and the disposition of the lower cuff 

portion 207 posterior to the wearer's calf provide a rigid bracing support system that can impart 

a relieving force on a user's knee joint. Liner 202 may be an adjustable or segmented liner as 

described herein to provide a conforming surface with the wearer's anatomy. Band 203 may 

comprise an elastic or other type of resilient material coupled to the brace hinge or other brace 

elements to provide positional stability and a surface upon which electrostimulation elements 

may be disposed. Various electrostimulation modules may be incorporated into such a brace. 

For example, the illustrated brace comprises an electrostimulation element 204 incorporated into 

liner 202 and electrostimulation element 205 incorporated into band 203. As described herein, 

these electrostimulation elements may be configurable or interchangeable according to a 

wearer-specific and condition-specific electrophysical modality. 

[00147] FIG. 27 illustrates two examples of thigh cuffs with electrostimulation units according to 

embodiments of the invention. FIG. 27A illustrates a thigh cuff with an integrated 

electrostimulation unit according to an embodiment of the invention. The integrated thigh cuff 

206 comprises a power source 209, such as a battery, electrically coupled to an 

electrostimulation unit 210. Electrostimulation unit 210 may comprise a signal generator, such 

as a programmable signal generator configured to provide a predetermined electrophysical 

modality. Electrostimulation unit 210 is further coupled to electrodes, such as electrostimulation 

units 204 and 205 as illustrated in FIG. 26, and is configured to provide an electrical current 

according to a predetermined electrophysical modality. In some embodiments, such thigh cuffs 

or stimulation units may be interchangeable according to the electrophysical modality provided. 

For example, a thigh cuff configured to provide a TEJS treatment may be interchanged with a 

thigh cuff configured to provide SES treatment if a wearer's condition changes. Or as another 

example, the electrostimulation unit 210 may be interchangeable within a cuff, such as through a 

removable panel. 

[00148] FIG. 27B illustrates a thigh cuff with a detachable signal generator according to an 

embodiment of the invention. In the illustrated embodiment, thigh cuff 206 comprises a 

receptacle 231 configured to slideably receive a detachable electrostimulation unit 208. 

Receptacle 231 may further comprise an electrical contact 232 such that electrostimulation 
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signals generated by electrostimulation 208 are transmitted to electrostimulation pads or 

electrodes as described herein. Alternatively, feature 232 could also be configured to function as 

a snap-fit or latch mechanism to lock the electrostimulation unit 208 in place. A faceplate 230 

may be provided for insertion into receptacle 231 when electrostimulation unit 208 is not in use 

or is not prescribed. Such a faceplate 230 may protect electrical contact/latch 232 from the 

environment and provide a smooth surface contour for thigh cuff 206 when the 

electrostimulation unit 208 is not in use or is not prescribed. 

[00149] FIG. 28 shows a plan view and a lateral side view of an electrostimulation pad 

electrode according to an embodiment of the invention. Electrode 250 has a surface profile 

comprising an interface portion 252 and a connection portion 251. Interface portion 252 is 

configured to provide a conductive interface between the electrode and the wearer's anatomy. 

Interface portion 252 has a profile shaped to serve a particular electrophysical modality. For 

example, a substantially circular profile may be used to interface with a large muscle group while 

a thinner or custom shaped profile may be used to interface with a specific joint. Connection 

portion 251 is configured to allow an electrical connection to be formed between the electrode 

and an electrostimulation unit. 

[00150] The embodiment of FIG. 28 comprises three layers: (1) a conductive interface layer 

253; (2) conductive middle layer 254; and (3) a backing layer 255. Conductive interface layer 

253 comprises a conductive material to allow electrostimulation signals to be transmitted to a 

wearer's anatomy and to maintain such transmissions under normal wearing conditions. For 

example, conductive interface layer 253 may comprise a conductive hydrogel or elastomer that 

may be elastic, flexible, and conformable such that the electrode maintains contact along the 

entire interface portion profile 252 during normal body movements. 

[00151] Conductive middle layer 254 comprises an electrically conductive material to distribute 

the electrostimulation signals across the interface portion 252 profile. In some embodiments, 

such as embodiments where the electrode is disposed on a rigid or semirigid portion of an 

orthotic device, the conductive middle layer 254 may comprise rigid or semirigid conductive 

material. In other embodiments, such as embodiments where the electrode is disposed on an 

elastic band or other flexible portion of an orthotic device, the conductive middle layer 254 may 

comprise a flexible or elastic material. For example, the conductive middle layer 254 may 

comprise a carbon film or an elastic carbon film that allows the electrode to resiliently deform 

such that it can conform to a wearer's particular anatomy and maintain conformance during 

normal motion. In still other embodiments, the conductive middle layer 254 can be integral to or 

within the conductive interface layer 253. 

[00152] Backing layer 255 provides a surface to attach the electrode to an orthotic device. For 

example, backing layer 255 might comprise an adhesive, such as a pressure sensitive adhesive, 

or one side of a VELCRO® adhesive system. In some embodiments, backing layer 255 might 

comprise an insulating material to ensure proper electrical flow and to avoid inadvertent contact 

with the conducting layers. In other embodiments, the backing layer may be conductive or may 
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have conductive portions to facilitate electrical connection. For example, the backing layer could 

comprise one surface of a hook and loop type system composed of conducting hooks and loops 

while the second surface of the conductive hook and loop system could be disposed on the 

orthotic device and electrically coupled to the electrostimulation unit. Such a conductive hook 

and loop system might comprise a hook and loop system composed of a conductive material, or 

a hook and loop system composed of a non-conductive material coated with a conductive 

material. In these embodiments, the electrostimulation circuit may be completed merely by 

attaching the electrostimulation pad to the orthotic device. 

[00153] FIG. 29 illustrates a side view of an electrode disposed on an orthotic device according 

to an embodiment of the invention. The electrostimulation pad 250 is attachable to the orthotic 

device 258 such that an electrical connection can be formed between the device and the pad. 

Such an electrical connection may be formed using a connection member 257 comprising a 

conductive electrical contact 256 embedded in an insulating material. In embodiments where the 

electrostimulation pad 250 comprises an electrical connection portion 251, connection member 

257 may be connectable to connection portion 251. In such embodiments, the connection 

portion 251 may be recessed in with respect to the interface portion 252, such that the pad has 

a substantially constant elevation after electrical connection. For example, this may be achieved 

by reducing or eliminating the conductive interface layer 253 at the connection point, such that 

the connection member 257 connects directly to the conductive middle layer 254. In other 

embodiments, this may be achieved by compressive force imparted on the pad by connection 

member 257 when engaged. 

[00154] FIG. 30 is a plan view of an electrode disposed on a segmented liner according to an 

embodiment of the invention. As illustrated in the plan view, connection member 257 forms an 

electrical connection with connection portion 251. As described herein, segmented liner 258 

may be resilient and adaptable to conform to a wearer's anatomy. Similarly, the electrode 250 

and connection member 257 may be resilient and adaptable to also conform to a wearer's 

anatomy. In the illustrated embodiment, connection member 257 is configured as described with 

respect to FIG. 29. In other embodiments, connection member 257 may comprise other means 

of electric connections. For example, electrical connection member 257 may comprise a mating 

means to insertably receive connection portion 251. Said mating means can comprise a socket, 

pin, contact-surface, or other connection geometry. Alternately, the mating means can be an 

array of pins that simply pierce into the connection portion 251. 

[00155] FIG. 31 illustrates an electrode having a plurality of connection portions according to 

an embodiment of the invention. As illustrated, a plurality of connection portions 251 and 

connection members 257 may be provided for additional stability and to ensure a stable 

connection. For example, electrode 250 may be disposed on an elastic band, such as an elastic 

knee band as described herein, and may undergo frequent contorting and stretching forces. 

Additionally, the use of multiple connection portions 251 and connection members 257 may 

assist in providing a uniform distribution of electrical energy throughout the electrode. For 
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example, in a large pad, such as when disposed on a thigh, using a single connection member 

may result in electrical energy bleeding off or concentrating in only a portion of the pad. 

Accordingly, multiple electrical connection portions 251 may be formed integrally from the 

electrode layers such that a disruption in the electrical connection at any one portion does not 

disrupt the transmission of the electrostimulation signals. 

[00156] FIG. 32 illustrates a cross-sectional view of an electrode according to an embodiment 

of the invention. In some embodiments, these electrodes can be integrated into such segmented 

liners as described herein. For example, a segmented liner 280 is attached with an electrode 

which may have a conductive layer 281 and an interface layer 282 disposed thereon. 

Conductive layer 281 may be formed to have a connection portion 283 to form an electrical 

connection with an electrostimulation unit through contacts 284 and 285. Electrical contacts 284 

and 285 may be configured such that segmented liner 280 may be adjustable and detachable, 

as described herein. Conductive interface layer 282 may be truncated as shown in FIG. 32, or it 

may continue uniformly across the entire surface of electrode. 

[00157] FIG. 33 illustrates a plan view of a further electrode 300 according to an embodiment of 

the invention. Electrode 300 may comprise an interface portion 301 and a connection portion 

302. The electrode 300 may be formed integrally of three or more layers, as described herein. 

The outermost interface layer configured to interface with the wearer's anatomy may have a 

removed space 303, such that the conductive layer is accessible. In such embodiments, 

electrical connection may be farmed with the middle conductive layer without direct connection 

to the conductive interface layer while avoiding contact between the wearer's anatomy and the 

conductive middle layer. Accordingly, the electrical charge is distributed evenly throughout the 

interface portion 301 prior to transmission through the wearer's anatomy. 

[00158] FIG. 34 illustrates a lateral view of an electrode according to an embodiment of the 

invention. Segmented liner 315 allows an electrical connection member 317 to interface with 

electrode 318. For example, connection member 317 may comprise a stem 319 and insulating 

portion 320 configured such that conductive layers 321 or 322 make electrical contacts through 

connection portion 323. Stem 319 is conductive, while insulating portion 320 insulates the user 

from accidental electrical contact with stem 319 if electrode 318 is not installed. In some 

embodiments, Stem 319 may comprise a conductive coating deposited on insulating portion 

320, or a conductive ring attached to insulating portion 320. Attachment methods can include 

mechanical assembly or inserting ring 319 into insulating portion 317 mold (insert-molding). 

Stem 319 can include a lead-connection portion 316, for connection to electrostimulation device. 

For example, connection may occur via soldering, snap, friction/press-fit, or other mechanical 

means. Electrode 318 may be integrally formed with segmented liner 315, or may be detachable 

from the liner, for example through a mechanical or adhesive connecting layer 324. For 

example, a mechanical connecting layer may be a Velcro® hook and loop system. In some 

embodiments conductive layers 321 or 322 can be truncated as shown, or each (or both) can 

extend across entire surface of electrode in order to complete the electrical connection to stem 
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319. 
[00159] FIG. 35 illustrates a plan view of nesting electrodes according to an embodiment of the 

invention. Such nesting electrodes may be disposed on orthotic devices that are subject to 

dynamically changing profiles. The illustrated electrode 351 has a circular interface portion 350 

and a crescent or arcuate shaped connecting portion 352. This connection configuration allows 

for some rotation in the x-y plane, y-z plane, and the x-z plane without folding or breaking the 

electrical connection between the electrodes. For example, a series of such nested electrodes 

may be disposed on the inner surface of an elastic orthotic band configured to be disposed 

around an elbow. Accordingly in this example, the normal movement of a wearer's elbow will not 

impede the transmission of the electrostimulation signals to the wearer. The nested shape also 

allows for better material yields with less waste during manufacturing. 

[00160] FIGS. 36 A-C illustrate lateral views of an adjustable electrode and liner according to 

an embodiment of the invention. The main liner 400 is disposed on an orthotic cuff, as described 

herein. For example, main liner 400 may be integrally formed with a brace, or may be attached 

to a brace, for example through an adhesive or hook and loop means such as Velcro®. A liner 

segment 404 can be comprised of a loop portion 405, a middle material layer 406, and a 

mounting layer 408. Said liner segment 404 is attached to the main liner 400 such that liner 

segment 404 may be disposed on main liner 400 only within a predetermined range 412. In the 

illustrated embodiment, tethers 402 provide this attachment. Tethers 402 may comprise one or 

more structures configured to attach the liner segment 404 to the main liner 400, such as an 

elastic or an inelastic material. 

[00161] Main liner 400 further comprises a means to secure the liner segment 404, such as a 

hook and loop system 403 and 405 disposed on facing surfaces of main liner 400 and liner 

segment 404. For example, layer 403 may comprise the loop portion and layer 405 may 

comprise a hook portion, such that a wearer's skin contacts the loop surface rather than the 

hook surface. 

[00162] The adjustable electrode and liner further comprises an electrode 424 removably 

attached to the liner segment 404. As described herein, electrode 424 may comprise a backing 

layer 409, a conductive layer 410, and an interface layer 411. Backing layer 409 can be placed 

on mounting layer 408. Backing layer 409 may be conductive or have a conductive coating. In 

some embodiments, the electrical signal can be transmitted by a wire, which is not shown in this 

Figure. In some embodiments, electrode 424 may be configured to be removed and replaced, 

for example after a predetermined period of wear or according to a changing electrophysical 

modality. The main liner 400 may further comprise a recessed area 401 configured to receive 

the liner segment 404 and electrode 424. The recessed area 401 may define the areas to which 

the liner segment may be secured. Recessed area 401 may further have a depth configured 

such that the liner segment 404 and electrode 424 form a matching or substantially matching 

surface with main liner 400 when worn. In some embodiments, the electrode stands slightly 

proud of the surrounding liner area to ensure good contact with skin. 
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[00163] In various embodiments, the electrode or liner segment may have a density or 

hardness that varies from the remaining brace padding. For example, conductive interface 

portion 411 may comprise a conductive electrode gel, which may have a lower density than 

main liner 400. Accordingly, materials of varying densities or hardnesses may be used in 

construction of the liner segment and electrode such that the three layer system comprising the 

main liner, liner segment, and electrode has a different resiliency to the one layer system 

comprising the main liner alone. For example, liner segment 404 may be configured to have a 

middle material layer 406 with a different density or hardness as compared to the main liner, to 

allow proper conformation. In further embodiments, the material densities may be configured 

according to different desired characteristics. For example, the electrode may make better 

contact with the wearer if the electrode liner portion is softer than the surrounding main liner. 

[00164] FIG. 37 illustrates a tethered segmented liner and electrode with an electrical contact 

according to an embodiment of the invention. In the illustrated embodiment, features having 

numbers equivalent to those illustrated with regards to FIGS. 36 A-C are equivalent. The 

embodiment of FIG. 37 further comprises electrical contacts 415 and 416 and electrical 

connector 417. Electrical contacts 415 and 416 are configured such that when the segmented 

liner is attached to the main liner 404, electrical contacts 415 and 416 join and electrically couple 

the segmented liner and electrode to the orthotic device. In some embodiments, electrical 

contact 416 may be configured such that no matter where within the predetermined range 412 

the segmented liner is disposed, no portion of electrical contacts 416 is exposed to a wearer's 

skin. Electrical connector 417 is electrically coupled to electrical contact 415 and further 

electrically coupled to electrode 424. Accordingly, when electrode 424 is replaced, as described 

herein, electrical connection 417 allows the new electrode to be electrically coupled to the 

orthotic device and electrostimulation unit. In another embodiment, liner segment 404 may be 

attached directly within the main liner 400 without tethers. 

[00165] FIG. 38 illustrates another embodiment of the present invention in which the joint 

stabilizing assembly comprises adhesive tape used to support the anatomy and treat arthritis. In 

this embodiment, the pre-cut thigh/patella tape piece 430 includes an integrated electrode or 

other signal transmission element 432. Similarly, a knee/calf tape piece 434 has an integrated 

electrode or other signal transmission element 436 as part of its construction. These integrated 

pieces may each be positioned as single units in the correct area of the anatomy, in one efficient 

step. The signal transmission element is integrally constructed as part of the adhesive tape, 

such that a synergistic and convenient effect is achieved for the user. The adhesive tape 

provides mechanical support/treatment. The signal transmission element provides stimulation 

treatment to the joint. The adhesive tape may be provided in roll form, sheet form, or at least 

one pre-cut shape. It may be formed of elastic material. Thus, in a method of operation, the 

affected anatomy is wrapped with tape. 

[00166] A study was published in 2006 by Farr et al: "Pulsed Electrical Stimulation in Patients 

with Osteoarthritis of the Knee: Follow Up in 288 Patients Who Had Failed Non-Operative 
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Therapy" (FARR, JACK, et al., Pulsed Electrical Stimulation In Patients With Osteoarthritis Of The 

Knee: Follow Up In 288 Patients Who Had Failed Non-Operative Therapy, 2006, Pages 227-233, 

Orthopaedic Surgery, Surgical Technology International XV, Universal Medical Press, Inc., San 

Francisco, CA.) This study is incorporated by reference herein, in its entirety. This study 

showed the positive effects of treatment with just the electrostimulation unit alone. The study 

showed these positive effects displayed a dose response, which means the effects increased 

the longer the device was used. 

[00167] Present applicants have conducted a new study utilizing the system 200 shown in Fig 

24A, to determine the effects of combining a joint stabilizing assembly optimized for the relief of 

arthritis with an electrostimulation unit optimized for improving the overall function of an arthritic 

joint. The electrostimulation device used was a battery operated device, which delivered a 

signal between 0V and 12V with a nominal frequency of 100 Hz. The study test conditions 

followed treatment of 35 patients fitted with the combination joint stabilizing assembly and 

electrostimulation unit. The patients were chosen based on criteria including the failure of other 

non-interventional therapeutic modalities. 

[00168] Efficacy variables, except for physician global assessment, were recorded by the 

patient using a 5-point Likert scale (1=no symptoms; 5=very severe symptoms). Outcome 

measures were the patient global assessment of disease activity in the study joint, assessment 

of pain and symptoms, patient's assessment of pain intensity in the past 48 hours, pain walking 

on a flat surface, pain going up or down stairs, pain while sleeping, and Physician Global 

Assessment. 

[00169] Results for each efficacy variable were measured as "the effect size", which is the 

number of standard deviations change from baseline mean for each variable. This is 

quantifiable data, considered a more definite measure of success versus qualitative information 

given from the participants in the study. 

[00170] Fig. 39, shows outcomes from the Farr study contrasted with outcomes from the new 

study. The new study reveals a surprising result that the electrostimulation unit combined with 

the joint stabilizing assembly achieved a better treatment outcome in about 4 weeks (also 

defined as about 3 hours per day for about 30 days) than the electrostimulation unit alone 

achieved in about 8 weeks. 

[00171] Even more compelling is the average hours of use was only about 150 hours, versus 

about 430 hours for the earlier Farr study. This means in about 1/3 the time, the patient 

achieved better results in all but pain and symptoms while sleeping and patient global 

assessment. Thus, the combined use of an electrostimulation unit with the joint stabilizing 

assembly for greater than 150 hours of treatment provides unexpected benefits. 

[00172] The lower effect size in "Pain and Symptoms while sleeping" was most likely caused by 

the earlier Farr study allowing patients to wear the unit in bed, while the new study did not allow 

this. 

[00173] The new results cannot be explained simply by the dose response anticipated by 
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usage time, and show that combining the electrostimulation unit with the joint stabilizing 

assembly has a double advantage of providing an unexpectedly greater benefit in a shorter 

amount of time. These improvements are due to a synergistic effect which provides a 

quantitatively better treatment result than utilizing said joint stabilizing assembly or 

electrostimulation unit alone for a similar or even greater amount of treatment time. 

[00174] This finding shows the joint stabilizing assembly may augment or even strengthen the 

natural endogenous (naturally generated) signal in the joint, while the electrostimulation unit 

supplements this with an exogenous (externally generated) signal, thus producing a synergistic 

effect and resulting in an overall better outcome versus using either treatment method alone. 

[00175] These new results may allow further combination of a joint stabilizing assembly with 

electrostimulation to treat other conditions of any swollen, inflamed, or painful joint. 

[00176] The invention features improvements in relation to skin, skincare and general fit. Since 

each segment is raised, there are spaces between segments and this allows air to circulate. 

General fit is improved because the segments allow variations in the contour of the user's body 

to be accommodated. Furthermore, because the segments effectively provide a non-contiguous 

surface to the skin of a user, movement of soft tissue, such as muscle, adjacent to one segment 

is less likely to affect the contact of another segment with the body of the user. Accordingly, a 

more secure fit is achieved. 

[00177] Yet another improvement is that the segments tend to keep the support structure, or 

least edges of the support structure, away from the user's skin. This assists in reducing irritation 

of the users skin by the relatively more rigid support structure. 

[00178] While specific embodiments of the invention have been shown in the drawings and 

described in detail it will be appreciated by those skilled in the art that various modifications and 

alternatives would be developed in light of the overall teachings of the disclosure. Accordingly, 

the particular arrangements disclosed herein are meant to be illustrative only and not limiting as 

to the scope of the invention, which is to be given the full breadth of the appended claims and in 

any and all equivalents thereof. 

[00179] As mentioned above, although the present invention has been illustrated with respect 

to its implementation with a knee brace, other parts of the anatomy may use the present system 

and method. For example, the above described joint stabilizing assembly or 150-hour minimum 

treatment system may be adapted to treat the foot, ankle, knee, hip, wrist, hand, elbow, spine, 

pelvis, or shoulder joints. 

[00180] While various embodiments of the present invention have been described above, it 

should be understood that they have been presented by way of example only, and not of 

limitation. Likewise, the various diagrams may depict an example architectural or other 

configuration for the invention, which is done to aid in understanding the features and 

functionality that can be included in the invention. The invention is not restricted to the illustrated 

example architectures or configurations, but the desired features can be implemented using a 

variety of alternative architectures and configurations. Indeed, it will be apparent to one of skill in 
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the art how alternative functional, logical or physical partitioning and configurations can be 

implemented to achieve the desired features of the present invention. Also, a multitude of 

different constituent module names other than those depicted herein can be applied to the 

various partitions. Additionally, with regard to flow diagrams, operational descriptions and 

method claims, the order in which the steps are presented herein shall not mandate that various 

embodiments be implemented to perform the recited functionality in the same order unless the 

context dictates otherwise. 

[00181] Although the invention is described above in terms of various exemplary embodiments 

and implementations, it should be understood that the various features, aspects and 

functionality described in one or more of the individual embodiments are not limited in their 

applicability to the particular embodiment with which they are described, but instead can be 

applied, alone or in various combinations, to one or more of the other embodiments of the 

invention, whether or not such embodiments are described and whether or not such features are 

presented as being a part of a described embodiment. Thus, the breadth and scope of the 

present invention should not be limited by any of the above-described exemplary embodiments. 

[00182] Terms and phrases used in this document, and variations thereof, unless otherwise 

expressly stated, should be construed as open ended as opposed to limiting. As examples of 

the foregoing: the term "including" should be read as meaning "including, without limitation" or 

the like; the term "example" is used to provide exemplary instances of the item in discussion, not 

an exhaustive or limiting list thereof; the terms "a" or "an" should be read as meaning "at least 

one," "one or more" or the like; and adjectives such as "conventional," "traditional," "normal," 

"standard," "known" and terms of similar meaning should not be construed as limiting the item 

described to a given time period or to an item available as of a given time, but instead should be 

read to encompass conventional, traditional, normal, or standard technologies that may be 

available or known now or at any time in the future. Likewise, where this document refers to 

technologies that would be apparent or known to one of ordinary skill in the art, such 

technologies encompass those apparent or known to the skilled artisan now or at any time in the 

future. 

[00183] The presence of broadening words and phrases such as "one or more," "at least," "but 

not limited to" or other like phrases in some instances shall not be read to mean that the 

narrower case is intended or required in instances where such broadening phrases may be 

absent. The use of the term "module" does not imply that the components or functionality 

described or claimed as part of the module are all configured in a common package. Indeed, 

any or all of the various components of a module, whether control logic or other components, 

can be combined in a single package or separately maintained and can further be distributed in 

multiple groupings or packages or across multiple locations. 

[00184] Additionally, the various embodiments set forth herein are described in terms of 

exemplary block diagrams, flow charts and other illustrations. As will become apparent to one of 

ordinary skill in the art after reading this document, the illustrated embodiments and their various 
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alternatives can be implemented without confinement to the illustrated examples. For example, 

block diagrams and their accompanying description should not be construed as mandating a 

particular architecture or configuration. 
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CLAIMS 

1. A system for treating arthritis, comprising: 

a) at least one joint stabilizing assembly for providing relief from arthritis; 

b) at least one signal transmission element engagement member operatively 

connected to said at least one joint stabilizing assembly for connecting a 

signal transmission element; 

c) at least one signal transmission element supported by said at least one signal 

transmission element engagement member; and, 

d) an electrostimulation unit, electrically connected to said at least one signal 

transmission element, for producing at least one signal for improving the 

overall function of an arthritic joint, 

wherein said electrostimulation unit is directed to be used in conjunction with said 

at least one joint stabilizing assembly for greater than 150 hours of treatment, 

and wherein said at least one signal is a modality specifically intended to provide 

arthritic joint stimulation, and 

wherein said at least one signal for improving the overall function of an arthritic 

joint is a modality not intended to stimulate nerves, 

wherein said at least one signal for improving the overall function of an arthritic 

joint is a modality not intended to stimulate muscle, and 

wherein said at least one signal comprises a Transcutaneous Electrical 

Stimulator for Arthritis (TESA) signal. 

2. The system of Claim 1, wherein the Arthritis (TESA) signal has a nominal frequency 

of 100Hz, said electrostimulation unit produces at least one signal which performs at 

least one of the following functions: 

a) Increase DNA synthesis; 

b) Increase chondrocyte proliferation; 

c) Generate hyaline cartilage; 

d) Accelerate differentiation of progenitor cells to mature chondrocytes; 

e) Increase proteoglycan synthesis; 

f) Increase glycosaminoglycan synthesis; 

g) Increase transforming growth factor beta (TGFB); 

h) Activate genes responsible for the production of proteoglycans and Type II 

collagen; 

i) Suppress production of IL-1, Tumor necrosis factor, prostaglandins (PGE2), 

and matrix metalloproteinases including MMP1, MMP3, MMP13; 
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j) Inhibit Mitogen-activated protein kinases (MAPKs); 

k) Inhibit of interferon, IL-9, and IL-6; 

I) Down regulate IL-15. 

3. The system of Claim 1, wherein said at least one joint stabilizing assembly is adapted 

to treat the foot, ankle, knee, hip, wrist, hand, elbow, spine, pelvis, or shoulder joints. 

4. The system of Claim 1, wherein said electrostimulation unit is adapted to treat the 

foot, ankle, knee, hip, wrist, hand, elbow, spine, pelvis, or shoulder joints. 

5. The system of Claim 1, wherein said at least one joint stabilizing assembly comprises 

an osteoarthritis brace being constructed as a rigid support to the joint and 

surrounding anatomy. 

6. The system of Claim 1, wherein said at least one joint stabilizing assembly is 

constructed as a non-rigid support to the joint and surrounding anatomy. 

7. The system of Claim 1, wherein said electrostimulation unit generates different 

signals of varying duty cycles, or no signal at all, for portions of the treatment. 

8. The system of Claim 1, wherein said electrostimulation unit provides for custom 

programming based on the patient's needs, conditions, or attributes. 

9. The system of Claim 1, further comprising a dynamic signal modulation system 

operatively associated with said at least one joint stabilizing assembly and said 

electrostimulation unit for varying the signal dynamically, based on the joint's 

instantaneous position. 

10. The system of Claim 1, wherein said at least one joint stabilizing assembly comprises 

adhesive tape used to support the anatomy and treat arthritis, said at least one signal 

transmission element being integrally constructed as part of said adhesive tape, such 

that a synergistic and convenient effect is achieved for the user, said adhesive tape 

providing mechanical support/treatment, and said signal transmission element 

providing stimulation treatment to the joint. 

11. The system of Claim 10, wherein said adhesive tape is provided in roll form, sheet 

form, or at least one pre-cut shape. 
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12. The system of Claim 10, wherein said adhesive tape is formed of elastic material. 

13. An orthotic device system optimized for improving the function of an arthritic joint 

comprising: 

a) a joint stabilizing assembly optimized for improving arthritic joint function; 

b) at least one signal transmission element contacting a user; 

c) at least one signal transmission element engagement member for supporting 

said signal transmission element; and 

d) an electrostimulation unit electrically connected to said signal transmission 

element for producing at least one signal optimized for improving the function 

of an arthritic joint; 

wherein said electrostimulation unit is directed to be used in conjunction with said 

joint stabilizing assembly for greater than 150 hours of treatment, and wherein 

said at least one signal is a modality specifically intended to provide arthritic joint 

stimulation, and 

wherein said at least one signal for improving the overall function of an arthritic 

joint is a modality not intended to stimulate nerves, 

wherein said at least one signal for improving the overall function of an arthritic 

joint is a modality not intended to stimulate muscle, and 

wherein said at least one signal comprises a Transcutaneous Electrical 

Stimulator for Arthritis (TESA) signal. 

14. The system of claim 13 wherein said electrostimulation unit is integrally 

manufactured into the joint stabilizing assembly. 

15. The system of claim 13 wherein said electrostimulation unit is detachable from said 

joint stabilizing assembly. 

16. The system of claim 13 wherein said electrostimulation unit is interchangeable based 

on the user's treatment needs. 

17. The system of claim 13 wherein said joint stabilizing assembly includes a thigh cuff 

that is interchangeable based on the user's treatment needs. 

18. The system of claim 13, wherein attachment of said electrostimulation unit to said 

joint stabilizing assembly automatically establishes electrical contact with said signal 
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transmission element. 

19. The system of claim 13, wherein said electrostimulation unit is attached to said joint 

stabilizing assembly by means of a releasable securing mechanism. 

20. The system of claim 19, wherein said releasable securing mechanism comprises a 

snap-fit mechanism. 

21. The system of claim 19, wherein said releasable securing mechanism comprises a 

hook and loop fastening system. 

22. The system of Claim 1, wherein said joint stabilizing assembly includes a receptacle 

configured to receive said electrostimulation unit, wherein the receptacle is integral 

with said joint stabilizing assembly. 
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