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SYSTEMS, METHODS, AND DEVICES FOR AUTOMATIC

CLOSURE OF MEDICAL DEVICES

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This Application claims the benefit of U.S. Provisional Application No.

61/772,935, filed on March 5, 2013, and titled "Systems, Methods, and Devices for

Automatic Closure of Medical Devices." The entire disclosure of that application is

incorporated by reference herein for all purposes.

BACKGROUND OF THE INVENTION

[0002] The present embodiments relate generally to medical braces, devices, and

other articles including tensioning systems.

[0003] Medical braces are typically fit about a limb and tightened to secure the

brace about the limb. Conventional tightening for braces often require a user to use

both hands in securing the brace about a limb. For example, Velcro® straps and

buckles often require the user to grasp the strap or the body of the brace to hold the

brace or strap in position while the strap is secured to the brace. Properly fitting such

braces may be difficult and/or challenging for patients, especially when the patient is

dexterity challenged or the brace is being fit to the arm or hand.

BRIEF SUMMARY OF THE INVENTION

[0004] The present invention generally provides improved motorized closure

devices, systems, and methods that may be used to tighten a brace or other apparel

about a limb. According to one aspect, a method for automatically opening and

closing a brace about a limb is provided. The method includes a brace that is in an

initially open configuration to aid in donning of the brace about the limb. The brace

includes a motorized tensioning device, a control unit communicatively coupled with

the motorized tensioning device, and an opening mechanism that opens the brace as

the tension of the tensioning member tension is reduced. The motorized tensioning

device and control unit are configured to adjust a tension of a tensioning member of

the brace. The method includes receiving a first input at the control unit and

communicating a first instruction from the control unit to the motorized tensioning



device. The first instruction includes a tension value for the tensioning member that

is greater than an initial tension of the tensioning member. The method also includes

tensioning the tensioning member to substantially the tension value via the motorized

tensioning device so as to close and tighten the brace about the limb. The method

further includes receiving a second input via the control unit and communicating a

second instruction from the control unit to the motorized tensioning device. The

method additionally includes reducing the tension of the tensioning member via the

motorized tensioning device so as to loosen the brace about the limb and to enable

opening of the brace via the opening mechanism to aid in doffing of the brace.

[0005] According to another aspect, a method for tightening a brace about a limb is

provided. The method includes a brace having a motorized tensioning device and a

control unit communicatively coupled with the motorized tensioning device. The

motorized tensioning device and control unit are configured to adjust a tension of a

tensioning member of the brace to tighten the brace about the limb. The method

includes receiving, at the control unit, a prescribed parameter for the brace that is

determined to therapeutically benefit the limb and communicating a first instruction

from the control unit to the motorized tensioning device to tension the tensioning

member to a tension value determined from the prescribed parameter. The method

also includes tensioning, via the motorized tensioning device, the tensioning member

to substantially the tension value so as to adjust a fit of the brace about the limb in

accordance with the prescribed parameter. The method further includes monitoring,

via the control unit, the fit of the brace about the limb over a period of time and

comparing the monitored fit of the brace to the prescribed parameter to determine that

the fit of the brace exceeds a variance threshold for the fit. The method additionally

includes communicating a second instruction from the control unit to the motorized

tensioning device to adjust the fit of the brace about the limb and adjusting the tension

of the tensioning member via the motorized tensioning device so that the fit of the

brace about the limb is in accordance with the prescribed parameter.

[0006] According to another aspect, a method for providing therapy with a brace

fitted about a limb is provided. The method includes a brace having a motorized

tensioning device, a tensioning member operationally coupled with the motorized

tensioning device to tighten the brace about the limb, and a control unit



communicatively coupled with the motorized tensioning device to control adjustment

of a tension of the tensioning member. The method includes communicating a first

instruction from the control unit to the motorized tensioning device to cyclically or

repetitively adjust the tension of the tensioning member according to a therapeutic

regimen that is designed to aid in recovery of the limb via cyclical or repetitive

movement of the limb. The method may also include receiving the therapeutic

regimen at the control unit and cyclically or repetitively controlling the tension of the

tensioning member via the motorized tensioning device in accordance with the

therapeutic regimen to enable flexing of the brace to promote repetitive or cyclical

movement and therapeutic healing of the limb.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention is described in conjunction with the appended figures:

[0008] FIGs. 1A-3 illustrate embodiments of a brace and motorized tensioning

device that may be used to close and tighten the brace.

[0009] FIGs. 4A-C illustrate a lacing system that enables a brace to adjust to a flex

of a user's limb.

[0010] FIGs. 5A-C illustrate various embodiments of communicating information

to a control unit of a brace and/or tracking data with the control unit.

[0011] FIGs. 5D-E illustrates an embodiment of a user interface of a brace.

[0012] FIGs. 5F-6E illustrates various methods of using a control unit and/or

motorized tensioning device to fit a brace about a limb.

[0013] FIGs. 7A and 7B illustrates embodiments of control mechanisms that may

be used to tighten a brace via a motorized tensioning device.

[0014] FIG. 7C illustrates a brace that includes multiple motorized tensioning

devices to different separate zones of the brace.

[0015] FIG. 7D illustrates a method for adjusting a tightness of a brace about a

limb.



[0016] FIGs. 7E-G illustrate user interfaces that may be used to tighten a brace

about a limb and/or to provide information to the user on the tightness of the brace

about the limb.

[0017] FIGs. 8A-H illustrate various embodiments of devices, systems, or controls

that may be used to automatically open a brace to allow a patient to easily don or doff

the brace.

[0018] FIGs. 9A-C illustrate various sensors that may be used with the brace and/or

motorized tensioning device to monitor conditions of the user.

[0019] FIGs. 9D-P illustrate various embodiments of devices, systems, or controls

that may be used to determine a tension that is applied to the lace via a motorized

tensioning device.

[0020] FIGs. 10A-E illustrate various embodiments in which a brace may be used

to provide physical therapy to a patient.

[0021] FIGs. 11A-C illustrate an embodiment of adjusting a stiffness of a brace via

a motorized tensioning device.

[0022] FIG. 11D illustrates a motorized tensioning device including two motorized

units.

[0023] FIGs. 11E-G illustrate an embodiment of a brace including individual and

zonally tensionable units.

[0024] FIG. 11H illustrates a brace having a plurality of nitinol wires that are used

to tighten the brace.

[0025] FIGs. 11I-K illustrate various embodiments of braces having pressure

and/or other sensors.

[0026] FIGs. 11L and 11M illustrate an embodiment of a sock that may be used to

facilitate blood or other bodily fluid flow.

[0027] FIG. 12 illustrates a method of adjusting a brace by measuring a current of a

motor of a motorized closure device.



[0028] FIGs. 13A-C illustrates an exemplary report of a patient's usage of a brace

based on data collected during use of the brace.

[0029] FIGs. 14A-C illustrate an embodiment of a mechanism that may be used

with a motorized tensioning device to hold or maintain a brace or other apparel in an

open configuration.

[0030] FIG. 15 illustrates a method for automatically opening and closing a brace

about a limb.

[0031] FIG. 16 illustrates a method for tightening a brace about a limb.

[0032] FIG. 17 illustrates a method for providing therapy with a brace fitted about a

limb.

[0033] In the appended figures, similar components and/or features may have the

same numerical reference label. Further, various components of the same type may

be distinguished by following the reference label by a letter that distinguishes among

the similar components and/or features. If only the first numerical reference label is

used in the specification, the description is applicable to any one of the similar

components and/or features having the same first numerical reference label

irrespective of the letter suffix.

DETAILED DESCRIPTION OF THE INVENTION

[0034] The embodiments described herein provide various motorized closure

devices that may be used with braces (medical, sports, and the like), or various other

apparel, such as footwear, hats, gloves, and the like. The embodiments described

herein may find particular usefulness in medical braces and for ease in describing the

embodiments, the disclosure will focus mainly on medical braces. It should be

realized, however, that the embodiments are not limited to use for only medical

braces. The embodiments may provide devices that are configured to open and close

a brace to allow a user to don and doff the brace. The motorized closure devices

described herein provide several benefits over conventional closure devices. One

benefit among many of the motorized closure devices is the ability of the brace to

have repeatable closure. Stated differently, the motorized closure devices allow the

brace to be closed approximately equivalent each time the brace is closed. Repeatable



closure makes donning and doffing of the brace simple for a patient because the

patient merely needs to actuate the motorized closure device, such as by pressing a

button, to open or close the brace. Repeatable closure also allows the physician to

prescribe a "dosage" or fit of the brace. For example, the physician may prescribe

that the brace be "fit" with a defined tension or pressure, which motorized closure

device may provide.

[0035] Another benefit of the motorized closure device is the ability to display the

tension or brace tightness achieved by the closure device. In some embodiments the

tension may be digitally displayed or otherwise communicated to the patient.

Displaying the tension allows the patient to repeatably dose or tighten the brace to a

preferred tension and allows the patient to quickly determine if the tension or fit of the

brace has changed, such as due to stretch of the product, change in body size, and the

like. In some embodiments, the motorized closure device may be configured to

automatically adjust the tension of the brace to keep the brace within a defined tension

or fit. For example, as the patient's limb shrinks and swells and the tension or fit of

the brace increases or decreases, the motorized closure device may operate to tension

or loosen the brace as needed to keep the brace within a defined tension range.

[0036] An additional benefit of the motorized closure device is that the brace may

be easily fit about a patient's body part. For example, in some embodiments, the

brace may include a mechanism that allows the brace to automatically open. The

mechanism may include a spring positioned between opposing edges or stays (i.e.,

rigid portions of the brace adjacent an opening) to keep the brace open. This allows

the brace to be easily donned, which may be convenient for disabled or otherwise

dexterity challenged individuals. The automatic opening stays also reduce lace

tangling by proactively keeping the lace tensioned as the brace is opened. In some

embodiments, the brace may be automatically opened by pressing a button or other

mechanism of the brace.

[0037] As briefly described above, the motorized closure device helps reduce or

eliminate dexterity issues that are common with conventional braces. This is

achieved by removing manual closure mechanisms and/or by providing a brace that

automatically opens. Stated differently, the controls that allow a patient to don the



brace and close the brace about a body part are greatly simplified when compared to

conventional braces.

[0038] In some embodiments, the motorized closure device may be configured to

measure an internal tension or pressure and may be further configured to

automatically adjust in response to the measured tension so as to maintain a

prescribed or preferred tension level. Automatically tensioning the brace in this

manner helps prevent issues with over tensioned braces, such as compartment

syndrome when a limb swells while in a confined space. Automatic tensioning also

allows the brace to adjust to a limb as it shrinks or expands due to swelling and/or

atrophy. In addition, the tension may be automatically adjusted to provide additional

support if and/or when the brace detects that additional support is needed such as

when a user is falling on the injured limb. The brace may include an accelerometer or

other sensing device that is able to detect when additional support is needed and

provide this information to a control unit of the motorized closure device to allow the

closure device to quickly and accurately tension the brace.

[0039] In other embodiments, the brace may be used to proactively provide

compression to the limb as desired. For example, the brace may be designed to

compress the limb on a timed interval so as to change tension within zones of the limb

and thereby encourage blood or fluid flow into or out of the limb to promote healing.

In another embodiment, the brace may be able to detect the activity level of the

patient and adjust to the predetermined tension levels. For example, the brace may be

able to detect if the patient is sitting, standing, or performing an activity (e.g.,

walking, running, and the like). Each of these activities may require a different level

of tension for the brace and the brace may be configured to respond accordingly. For

example, when the brace determines that the patient is sitting, the tension in the brace

may be relaxed to provide additional comfort. Likewise, when it is determined that

the patient is walking or running, the tension of the brace may be tightened to provide

additional support.

[0040] In some embodiments, the motorized closure device may be configured to

gather data recorded as the patient wears the brace and to provide this data to a

centralized server. This data may be used to monitor a patient's compliance in

wearing the brace according to a prescribed regimen, to monitor progress in healing,



to monitor the effectiveness of a prescribed fit in terms of healing and/or comfort, and

the like. Other details or conditions could be monitored via the brace as well,

including swelling, atrophy, and the like of the limb, or the donning and doffing of the

brace, the time of use, the patient's compliance with a prescribed regimen, and the

like. Data collection may involve wired or wireless techniques including the use of

USB, data cords, Bluetooth, and the like. The data may be provided to a physician so

as to allow a physician to monitor the progress of the patient and/or adjust a

prescribed therapy or to recommend a new therapy.

[0041] The motorized closure device embodiments provide many additional

benefits over conventional brace closure devices in relation to a patient's compliance

with wearing the brace. For example, the motorized closure device may be

programmed to react only to user inputs that occur during certain time periods so as to

manage the ability of the patient to open and close the brace. In other embodiments,

the patient may be allowed to adjust the tension of the brace, but only within a

prescribed range. The brace may likewise be configured to only allow the patient to

remove the brace a specified number of times in a given period and/or per day. The

duration the patient actually wears the brace and/or the tension levels applied to the

brace may likewise be monitored and transmitted to a physician and/or stored in a

central server. In some embodiments, the physician may send messages to the user,

which are displayed on a user interface of the brace, such as a reminder to wear the

brace and/or perform a prescribed physical therapy regimen.

[0042] In some embodiments, the physician may be able to adjust one or more

parameters of the brace remotely, such as the tension applied or the range within

which the patient may tighten or loosen the brace. The physician may change these

parameters on an electronic device (e.g., personal or laptop computer, tablet PC, smart

phone, and the like) and instructions may be transmitted to the motorized closure

device to adjust the fit of the brace or other parameters in accordance with the

physician's changes. For example, via Bluetooth communication, the physician may

change a setting of the motorized closure device to allow the patient to only lower the

tension by five percent. The physician may also set a time frame of two weeks in

which the tension may be adjusted. After this time period, the patient may be allowed

to remove the brace. In some embodiments, the physician may control the time



periods (e.g., morning hours, evening hours, etc.) in which the fit of the brace may be

manipulated by the patient, or may control a duration of time that the brace may be

adjusted (e.g., fifteen minutes per hour, etc.).

[0043] The motorized closure device may include an alarm that sounds when the

brace is not being worn as recommended by the physician. In some embodiments, the

alarm may sound until the patient complies with the physician's recommendations. In

addition, a message may be transmitted to the physician to inform the physician that

the patient is not complying with the recommendations or prescribed regimen. The

device may monitor the duration in which the patient does not comply with the

physician's recommendations and record these events.

[0044] In some embodiments, the controls of the medical closure device may be

provided on a smart phone or other electronic device to allow the patient to quickly

and easily tighten or loosen the brace. In another embodiment, the electronic device

may monitor the tension applied to the lace by the patient. An application of the

electronic device may learn the tensioning patterns of the patient and automatically

apply tension to the lace in accordance with the patient's tensioning patterns. Stated

differently, the electronic device, or an application of the electronic device, may

automatically tension the brace at a set time and/or loosen the brace at a set time in

accordance with patterns that the electronic device learns by monitoring the patient's

lace tensioning patterns.

[0045] In some embodiments, the motorized closure device may include a tension

indicator. The tension indicator may be a mechanical tension indicator (e.g., spring

and scale, compliant foam or other material, and the like) or a digital indicator that is

coupled with a tension measuring device. The measured tension could be transmitted

to the physician and/or the brace's tension level may be adjusted to within a range

prescribed by the physician.

[0046] In some embodiments, the brace may be used to assist in pumping blood

back to the heart from one of the extremities (i.e., legs, arms, and the like), or used for

pumping other fluids throughout the body. Sensors may be coupled with pneumatic

pads, gel pads, and the like, that are tensionable and/or inflatable to provide local

pressure and thereby force the blood or other fluids back toward the heart. The



sensors may monitor the local pressure within the brace so that blood pumping

assistance may be monitored. Such embodiments may be part of an edema

management program to keep fluids flowing within the body and prevent fluids, such

as blood, from pooling in a localized area. In a specific embodiment, the sensors may

be part of a sock that the patient wears to assist in pumping blood back to the heart

from the leg. In some embodiments, the motorized closure device may be replaced

with nitinol wires or barrels/strips that wind around the brace and that are activated

(i.e., electrified) to cause the wires to shrink and apply a local pressure to the brace

and/or body part. In a specific embodiment, 80-100 such nitinol wires, and in a

specific embodimt 90 wires, may function similar to a motorized closure device to

assist in pumping blood back to the heart from the extremities of the body. One

advantage of using the nitinol wires is that the brace and closure device may be

significantly smaller than a similar brace using other closure devices. The nitinol

wires may also be less noisy than conventional pneumatic or other closure devices

and/or may allow for additional pressure zones to be created within the brace.

[0047] Having describe several embodiments of motorize closure devices and

braces, additional details will become more evident with reference to the figures

described below.

[0048] For convenience, the disclosure will focus mainly on braces, although it

should be realized that the embodiments described herein (i.e., the closure device

and/or other devices) may be used with virtually any type of apparel, garment, or

other structure. For example, the embodiments (i.e., closure and other devices) may

be used on shoes, boots, gloves, hats, medical devices, protective guards used in

sports, and the like.

[0049] In addition, for convenience in describing the embodiments, the disclosure

generally describes the devices, or components thereof, being closed via a reel or dial

mechanism. The reel or dial mechanism typically closes the device, or components

thereof, by tensioning a lace. As described herein, the dial is typically rotated to wind

a lace into a spool. However, although the disclosure generally describes the closure

devices, or components thereof, using a reel or dial mechanism, it should be realized

that any tightening mechanism may be used and the disclosure is not limited to

embodiments that only use a reel or dial.



[0050] Before describing specific details of the various embodiments, a general

description of a brace and closure device or system will be provided. Referring to

FIG. 1A, illustrated is an embodiment of an orthopedic brace 20. The orthopedic

brace 20 generally comprises a knee brace that is tightened around a wearer's leg such

that the knee brace substantially surrounds and protects the wearer's knee. Brace 20

may be tightened using a lacing configuration comprising two lacing systems 22a,

22b. The orthopedic brace of the illustrated embodiment is particularly concerned

with relieving and/or supporting the knee joint. Although this illustrated embodiment

shows the lacing systems applied to knee braces, it is to be understood that the

principles discussed herein are readily applicable to any of a variety of orthopedic

braces, including ankle braces, wrist braces, foot braces, elbow braces and many other

types of orthopedic braces well known to those of skill in the art.

[0051] In some embodiments, the lacing configuration of closure system

comprises two distinct lacing systems 22a, 22b. In some embodiments, each lacing

system 22 includes a lace or cable 23 that is threaded through portions of the

orthopedic brace and attached at opposite ends to a tightening mechanism 25 or reel,

which includes a control such as a lever, crank or knob, which can be manipulated to

retract the lace 23. FIG. 1A illustrates a manual tightening mechanism 25, or stated

differently, a tightening mechanism that is operated via manual actuation of a

component of the tightening mechanism (e.g., manual rotation of a knob). While FIG.

1A is provided to illustrate an embodiment of a brace fitted with a closure system, it

should be realized that the embodiments described herein employ motorized closure

devices that replace manual tightening mechanism, such as mechanism 25 of FIG. 1A.

FIG. IB illustrates an embodiment of a motorized closure system (hereinafter

motorized tensioning device 160) that may be used in place of, or in addition to,

tightening mechanism 25. The components of motorized tensioning device 160 are

shown within a portion of a housing unit 212. Housing unit 212 may further include

an inner housing portion 216 and an outer housing portion 218. Outer housing

portion 218 may include a base panel 210 as well as an outer cover (not shown), and

generally provides a protective outer covering for components of motorized

tensioning device 160. Inner housing portion 216 may be shaped to support

components of motorized tensioning device 160.



[0052] In some embodiments, motorized tensioning system 160 may comprise a

motor 220. In some embodiments, motor 220 may be an electric motor. Examples of

different motors that can be used include, but are not limited to: DC motors (such as

permanent-magnet motors, brushed DC motors, brushless DC motors, switched

reluctance motors, etc.), AC motors (such as motors with sliding rotors, synchronous

electrical motors, asynchronous electrical motors, induction motors, etc.), universal

motors, stepper motors, piezoelectric motors, as well as any other kinds of motors

known in the art. Motor 220 may further include a motor crankshaft (not shown) that

can be used to drive one or more components of motorized tensioning system 160. A

battery or batteries is used to power motor 220 as is known in the art.

[0053] In some embodiments, motorized tensioning system 160 can include

provisions for reducing the output speed of, and increasing the torque generated by,

motor 220. In some embodiments, motorized tensioning system 160 can include one

or more gear reduction assemblies and/or gear reduction systems. In one

embodiment, motorized tensioning system 160 includes first gear reduction assembly

230 and second gear reduction assembly 232, which may be collectively referred to as

gear reduction system 228. First gear reduction assembly 230 may be an in-line spur

gear reduction assembly that is generally aligned with motor 220 and/or crankshaft

(not shown). In contrast, second gear reduction assembly 232 may provide additional

gear reduction that extends in a generally perpendicular direction to the orientation of

the crankshaft. With respect to housing unit 212, first gear reduction assembly 230

may extend in a longitudinal direction of housing unit 212 while second gear

reduction assembly 232 may extend in a lateral (or horizontal) direction of housing

unit 212. By using a combination of in-line gears and horizontally spaced gears,

relative to the orientation of the crankshaft, motor 220 can be arranged in parallel with

a spool and corresponding spool shaft. This arrangement may reduce the longitudinal

space required to fit all the components of motorized tensioning device 160 within

housing unit 212.

[0054] Each gear reduction assembly can comprise one or more gears. In the

exemplary embodiment, first gear reduction assembly 230 comprises one or more in

line spur gears. Moreover, first gear reduction assembly 230 may be driven by the

crankshaft and itself drives a first gear 234 of second gear reduction assembly 232.



[0055] In one embodiment, second gear reduction assembly 232 may be configured

with 4 stages of spur gears, including a first gear 234, a second gear 235, a third gear

236 and a fourth gear 237. In this embodiment, fourth gear 237 acts as a clamping

gear for turning additional components of motorized tensioning device 160. The

current embodiment of second gear reduction assembly 232 includes four gears. The

number, type and arrangement of gears for gear reduction system 228 may be selected

to achieve the desired tradeoff between size, torque and speed of the motorized

tensioning system 160.

[0056] In some embodiments, motorized tensioning system 160 can include

provisions for winding and unwinding portions of a lace. In some embodiments,

motorized tensioning system 160 can include spool 240. In some cases, spool 240

may further comprise a first receiving portion 242 and a second receiving portion 244

for receiving a lace and a portion of a spring, respectively. Moreover, in some cases,

first receiving portion 242 may comprise a first lace winding region 246 and a second

lace winding region 248, which in some cases can be used to separately wind two

ends of a lace. Since torque output goes down as the lace builds up in diameter, using

separate winding regions for each lace end may help decrease the diameter of wound

lace on spool 240 and thereby minimize torque output reduction. In some cases, first

lace winding region 246 and second lace winding region 248 may be separated by a

dividing portion 249, which may include a lace receiving channel 247 for

permanently retaining a portion of the lace on spool 240. In other cases, however,

first receiving portion 242 may comprise a single lace winding region.

[0057] Motorized lacing system 160 may include provisions for transferring torque

between a final drive gear of second gear reduction assembly 232 and spool 240. In

some embodiments, motorized lacing system 160 may include provisions for

transferring torque from second gear reduction assembly 232 (or more generally from

gear reduction system 228) to spool 240 in a manner that allows for incremental

tightening, incremental loosening and full loosening of a lace. In one embodiment,

motorized lacing system 160 may be configured with a torque transmitting system

that facilitates the transmission of torque from fourth gear 237 of second gear

reduction assembly 232 to spool 240.



[0058] The torque transmitting system may further comprise various assemblies and

components. In some embodiments, the torque transmitting system may include a

ratcheting assembly 252, a shaft 254 and a rotation control assembly 256. As

discussed in further detail below, the components of the torque transmitting system

operate to transmit torque from fourth gear 237 of second gear reduction assembly

232 to spool 240. More specifically, these components operate in a manner that

allows for incremental tightening (spool winding), incremental loosening (spool

unwinding) as well as full tension release (during which time substantially no torque

is transferred from fourth gear 237 to spool 240).

[0059] In some embodiments, motorized tensioning device 160 may further include

a secondary winding assembly 260. In some embodiments, secondary winding

assembly 260 may be configured to apply torque to spool 240 independently of any

torque applied by motor 220. In some cases, for example, secondary winding

assembly 260 comprises a spring member 262 and a rotatable spring bearing 264.

Spring member 262 may extends between second receiving portion 244 of spool 240

and spring bearing 264. In particular, a first end portion of spring member 262 may

be associated with spool 240 while a second end portion 265 of spring member 262

may be associated with spring bearing 264. In operation, spring member 262 may be

configured to apply a biasing torque that may tend to rotate spool 240 in the lace

winding direction in the absence of other forces or torques (for example when there is

slack in the lace). Spring member 262 could be a wind-up spring, a constant force

spring, a constant torque spring, a clock spring as well as any other kind of spring.

[0060] Some embodiments can also include a fixed bearing 266, which may be

associated with an end of shaft 254. In some embodiments, fixed bearing 266 may be

received within a recess 268 of inner housing portion 216. In some embodiments, an

end of shaft 254 may be disposed within an opening of fixed bearing 266, and may be

configured so that shaft 254 can slide through the opening to provide some axial

movement for shaft 254.

[0061] In some embodiments, motorized tensioning device 160 may include

provisions for adjusting the operation of motor 220 according to one or more

feedback signals. In some embodiments, for example, motorized tensioning device

160 may include a limit switch assembly 258. Generally, limit switch assembly 258



may detect current across portions of rotation control assembly 256 and vary the

operation of motor 220 according to the detected current.

[0062] A brief overview of the operation of motorized tensioning device 160 is

described here. A detailed description of the operation is given below. In an

incremental tighten mode motor 220 may begin operating in order to rotate the

crankshaft. The crankshaft may turn an input gear of first gear reduction assembly

230, such that the output gear of first gear reduction assembly 230 drives first gear

234 of second gear reduction assembly 232. The intermediate second gear 235 and

third gear 236 both rotate, which drives fourth gear 237 in the first rotational

direction. As fourth gear 237 rotates, fourth gear 237 may engage and drive the

torque transmitting system such that spool 240 may eventually begin to rotate in the

first rotational direction. This causes lace to wind onto first receiving portion 242 of

spool 240.

[0063] In an incremental loosen mode, motor 220 may operate to rotate the

crankshaft. In the loosening mode, motor 220 and the crankshaft turn in an opposite

direction of the direction associated with tightening. The gear reduction system 228 is

then driven such that fourth gear 237 of second gear reduction assembly 232 rotates in

the second rotational direction. In contrast to the incremental tighten mode, in the

incremental loosen mode fourth gear 237 does not directly drive portions of the torque

transmitting system and spool 240. Instead, the motion of fourth gear 237 in the

second rotational direction causes the torque transmitting system to momentarily

release spool 240, allowing spool 240 to unwind by a predetermined amount after

which the torque transmitting system reengages spool 240 and prevents further

unwinding. This sequence of releasing and catching spool 240 occurs over and over

as long as fourth gear 237 rotates in the second rotational direction.

[0064] Finally, in an open or fully loosen mode, the torque transmitting system

operates so that substantially no torque is transmitted to spool 240 from any

components of thetorque transmitting system. During this mode, spool 240 may

rotate more easily in the unwinding direction about shaft 254 (for example, as a

wearer manually loosens lace to take off a brace). As slack forms along the lace,

secondary winding assembly 260 may apply a small amount of torque to second

receiving portion 244 of spool 240, which acts to wind up slack in lace. A more



detailed description of the motorized tensioning device 160 is provided in U.S.

Application No. 14/015,807, filed August 30, 2013, entitled "Motorized Tensioning

System for Medical Braces and Devices," the entire disclosure of which is

incorporated by reference herein.

[0065] Referring again to FIG. 1A, as shown, the lace 23 may be threaded in a

crossing pattern along a generally forward-facing portion of the brace 20, between

two generally parallel rows of side retaining members or straps 40. In another

embodiment, the lace 23 may be threaded or run laterally across the brace 20. The

straps 40 may consist of a strip of material attached to the brace 20 so as to define a

space in which guides 50 are positioned. The lace 23 slides through the guides 50

during tightening and untightening of the lace 23. A more thorough description of the

brace 20 and lacing systems, 22a & 22b, is provided in U.S. Patent No. 8,277,401, the

entire disclosure of which is incorporated by reference herein.

[0066] The orthopedic brace 20 shown in FIG. 1A is constructed to fit a wearer's

leg. The upper cuff 10 is formed to fit the wearer's thigh and curves around the thigh,

generally conforming to the wearer's musculature. The lower cuff 12 is similar in

construction to the upper cuff 10, and is formed to fit and curve around the wearer's

calf. In some embodiments, the upper and lower cuffs 10, 12 are formed from a

relatively lightweight, breathable material. In some embodiments, the cuffs 10, 12 are

manufactured from a cloth, fabric, or foam-like material, or a thermoformable or non-

thermoformable plastic material as would be well-known to those skilled in the art.

[0067] As shown, each of the cuffs 10, 12 are generally formed from a single

piece of material that is wrapped around itself, forming two ends 32, 34 that are

drawn towards each other and, in fact, may overlap. Although the ends 32, 34 are

shown in an overlapping position, it should be understood that these ends might also

be sized to be separated by some distance when the orthopedic brace 20 is tightened.

Generally, the lace 23 may be tensioned to draw the ends 32, 34 past each other and

thereby tighten the orthopedic brace 20 about the wearer's limbs. As is readily

understood in the art, the two ends 32, 34 of brace 20 are designed to be open and fit

about a patient's leg. The two ends 32, 34 are then positioned over the leg and brace

20 is tightened as described above.



[0068] FIGS. 2 and 3 illustrate another brace 120 being fit over a wearer's leg

101. Brace 120 includes a closure system (e.g., 122a and 122b) that may include a

motorized tensioning device 160, as described above. Brace 120 also includes a

rough adjustment feature that permits further opening of the brace 120 to facilitate

attachment of the brace 120 to a wearer's leg 101, while still providing the tightening

mechanism 160 for final tightening. The rough adjustment feature may be variable

length retaining members 140 that allow brace 120 to fit a wider variety of wearers'

legs. In one embodiment, the variable length retaining member 140 includes

adjustable straps. In other embodiments, a panel 141, such as those described herein,

may be used. The panel 141 may be coupled with a tightening mechanism 160, such

as a motorized system, to provide gross or macro adjustment of the brace 120. In

some embodiments, retaining members 140 are configured to be releasably engaged

with guides 150 opposite the tightening mechanism 160. The engagement may be by

way of a quick release mechanism 142, for example the detachable guides described

herein. In other embodiments, Fastex® buckles (shown), Velcro ® or other similar

mechanisms known to those of skill in the art may be used. As shown in greater

detail in FIG. 3, each quick release mechanism 142 may include a female component

142a and a male component 142b that are coupled over the wearer's leg 101 to allow

brace 120 to be donned and doffed. Exemplary embodiments of male and female

components, 142b and 142a, are described in U.S. Application No. 14/071,435, filed

November 4, 2013, entitled "Coupling Members for Closure Devices and Methods",

the entire disclosure of which is incorporated by reference herein. In some

embodiments, the female component 142 a may be attached to the guide 150 while

the male component 142b is attached to the retaining member, though the

arrangement of components may be switched as needed. The opposite end of the

retaining member 140 may be attached to the brace such that tension in the lacing

system 122 causes tension on the retaining member 140 when the quick released

mechanism 142 is engaged, thereby compressing the cuffs around the wearer's limb.

[0069] Closure system 122 may include additional gross adjustment features in

combination with the quick release mechanism 142 to provide a rough or gross

adjustment of the closing pressure of the brace 120 prior to use of the tightening

mechanism 125. For example, the closure system 122 may include ladder locks 144



(e.g., Fastex Slider ) which allow the retaining members 140 to be lengthened or

shortened as needed. Though shown with two retaining members 140, as with the

other embodiments disclosed herein in some embodiments, the number of retaining

members 140 may vary. In some embodiments, three, four, five, six or more retaining

members 140 may be desirable.

[0070] FIG. 3 shows one embodiment of the brace 120 in a partially open

configuration. The quick release mechanism 142 have been disconnected leaving the

guides 150 attached to the brace and releasing one end of the retaining member 140.

To remove the brace 120, the user may then open the cuffs 110, 112 and slide the

brace from the user's leg 101 . Prior to releasing the quick release mechanism 142, the

user may release tension in the closure system 122 by actuating the tightening

mechanisms 160, for example, by pressing a release tension button. Alternatively, the

user may release the tightening mechanisms 160 after releasing the quick release

mechanism 142 to facilitate reattachment of the brace 120 by providing additional

slack in the system without adjusting the retaining members 140 themselves.

[0071] As shown in FIGs. 4A-C, one advantage of using the above described

brace 20 is the increased ability of the brace 20 to fit a conical shape or an adjusting

shape, such as a leg 21, arm, or any other body part of the patient. The ability of the

brace 20 to fit a conical shape is provided by the lacing system 22. As the brace 20 is

fit about a conical shape (e.g., the leg 21) and the lace 23 wound via the reel 25, and

preferably motorized tensioning device 160, an upper portion 23a of the brace 20

contacts the conically shaped object. As the lace 23 is wound, the lace 23 adjusts

until the lower portion 23b of the brace 20 also contacts the conically shaped object

(e.g., the leg 21). Additional winding of the lace 23 will result in an approximately

equal tension throughout the lace 23, which provides a relative even pressure on the

conically shaped object. As such, the brace 20 fits well on a conical shape.

[0072] Similarly, the brace 20 is able to adjust to changes in the shape of the

object, such as changes in the shape of a leg 2 1 (or other body part) due to flexing

and/or relaxing of the muscle. For example, as leg 2 1 is flexed and assumes a more

cylindrical shape, the lace 23 is able to slide within, or relative to, the guides 50 so

that a bottom portion 23b of the brace opens or widens as a top portion 23a contracts

or shrinks. Conventional braces typically do not adjust in this manner and as such,



when a patient flexes their leg 1 (or other body part) the brace 20 is typically forced

to move or migrate, such as downward against the knee or ankle. In the embodiments

described herein, because the lace 23 is able to slide relative to the brace 20 and

guides 50, and the brace 20 is able to adjust to changes in shape, the fit or hold of the

brace about the body part is increased and the migration of the brace 20 is limited or

eliminated.

[0073] Referring now to Figs. 5A-F, illustrated are various embodiments of a

brace and a motorized closure device. FIG. 5B illustrates a first embodiment 500 of a

brace 502 having a motorized closure device 504 that is configured to tension lace

508 to close brace 502 about a patient's limb, such as an ankle as shown. Motorized

closure device 504 includes a spool (not shown) around which the lace 508 is wound

as previously described. An electric motor (not shown) is coupled to the spool, either

directly or via one or more gears (not shown), to automatically wind the lace 508

around the spool. Motorized closure device 504 responds to inputs that are provided

by a user or provided according to one or more programmed therapies or therapeutic

regimens. The programmed therapies may be input and or adjusted by a physician as

described herein.

[0074] As shown in the method 570 of FIG. 5A, the inputs may be digital signals

572 or analog signals 574 that are subsequently converted to digital signals 576 via a

digital converter. In some embodiments, motorized closure device 504 may include a

control unit having a memory device and processor that are configured to store inputs

that are to be immediately or subsequently implemented. Stated differently, in some

embodiments, most of the electronic components may be located somewhere other

than motorized closure device 504 so as to minimize the overall size of motorized

closure device 504. The processor and memory device of motorized closure device

504 may be relatively small and configured to receive and store only those inputs that

are to be immediately implemented such that the programmed therapy is stored on a

different and larger memory device. This may be referred to as data spooling 578.

[0075] In some embodiments, the program therapy may be stored on another

device 506 that is attached to the brace or positioned elsewhere. Device 506 may be a

control unit that is communicatively coupled with the motorized closure device 504

and that is configured to communicate instructions thereto, such as a tighten



instruction, loosen instruction, and the like. Device 506 may include an input

mechanism that allows inputs to be provided to device 506. For example, in some

embodiments device 506 may include a communication port 580 (e.g., USB port and

the like), a wireless transmitter 582, and the like that allows device 506 to send and

receive data to an external computing component 584, such as a laptop 507, tablet

509, mobile device, smart phone, and the like. In other embodiments, data, such as

the programmed therapy or prescribed therapeutic regimen, may be stored on an

external database or server and may be transmitted to device 506 as described above.

Device 506 may monitor the tension of brace 502, the number of times brace 502 is

donned and doffed, tension parameters as applied by the patient, the patient's

compliance with a prescribed therapy, and the like. This information may be

transmitted to an external computing device 586 via device 506 for subsequent review

by a physician 588, or by a data analysis or processing program 590, and the like.

The analysis or results from the analysis may be output 592 to a web capable device

594 via a wired or wireless transmission 596. The usage of the device 598 may then

be monitored or a program or therapeutic regimen may be updated as described

herein.

[0076] Motorized closure device 504 may also include a user interface (not

shown) that is configured to display information to the patient. For example, the user

interface may display the applied tension, the prescribed therapy, the tension range

within which the patient may tension the brace, and the like.

[0077] FIG. 5C illustrates motorized closure device 504 and device 506 being

used to measure and transmit data as described herein. Specifically, at block 540, a

master user can set parameters for the motorized closure device 504. The parameters

may include tension as a function of time, alerts based on set sensor pack, and the

like. The parameters may be set by the user, by a physician, and the like.

Additionally, as described herein, the parameters may be prescribed or part of a

therapeutic regimen to be implemented for the brace. At block 541, the user or

patient wears the brace over a duration of time. At block 542, the motorized closure

device 504 and/or device 506 tracks the patient's usage of the brace, such as a

compliance with a prescribed therapy, the tension applied, any swelling or atrophy of

the limb, a number of times the brace is donned and doffed, time of use (i.e., time



worn and time off), an activity level, an orientation, and the like. A time stamp may

be applied to any and/or all the data. At block 543, the information is transmitted to

an external system or device and may be stored thereon, such as a centralized

database. The data may be transmitted via Bluetooth, data cord, USB, and the like.

At block 544, the data may then be analyzed by a physician or the patient to

determine a compliance level, a level of healing, effectiveness of a prescribed therapy,

and the like. In some embodiments, the data may be collected along with similar data

from other patients to determine an overall effectiveness of a therapy and/or analyzed

to determine additional therapies or improved therapies that may be prescribed to

patients. A physician may then reconfigure or adjust a prescribed therapy, which is

then transmitted back to device 506 for subsequent implementation, or the physician

may allow the brace to continue to be worn as prescribed.

[0078] In some embodiments, the brace may include multiple motorized closure

devices. For example, the brace may include a first motorized closure device that is

used to tension a first zone of the brace and may include a second motorized closure

device that is used to tension a second zone of brace. In this manner zonal tensioning

of the brace may be provided. A battery pack of the motorized tensioning device may

also be charged in various manners. For example, in some embodiments, the device's

battery may be charged by placing the brace on an inductive coupling pad. The brace

may include an inductive coupling unit that allows the brace to be charged by placing

the brace on the inductive coupling pad. In some embodiments, resonant inductive

coupling may be used to allow the distance between the inductive coupling pad and

brace to be increased.

[0079] In another embodiment, the brace may include a charging unit that may be

plugged into an electrical outlet. In yet another embodiment, the brace may include a

battery pack that may be removed from brace and plugged into an electrical outlet for

charging. Multiple battery packs, (e.g., a first, second, and/or third battery pack) may

be used with brace so that electrical power is always provided to brace.

[0080] FIG. 5D illustrates another embodiment of a brace 522 that is fit about a

patient's wrist. Brace 522 includes a motorized closure device 524 as previously

described. Motorized closure device 524 is configured to tension lace as previously

described. In some embodiments, the lace closure system may include a male and



female components 523 as described in the '435 application previously incorporated

herein. FIG. 5E illustrates an embodiment of a user interface 520 of motorized

closure device 524. User interface 520 may be configured to show the tension applied

to brace 522 and/or may include an electronic button or switch that is selected when

the user wishes to don or doff the brace. Selecting the button or switch may

automatically open or close the brace 522 about the patient's limb. User interface 520

may also include a slide control that allows the patient to quickly and easily adjust the

tension applied to brace 522 via motorized closure device 524. User interface 520

may have various controls that may be used by the patient to adjust the tension

applied to a brace. For example, in some embodiments a patient may slide his or her

finger a long a linear slide control to increase or decrease the tension of the brace. In

another embodiment, the patient may slide his or her forefinger around a curved slide

control to increase or decrease the tension of the brace. Any other configuration of a

slide control could likewise be used.

[0081] In some embodiments, the motorized closure device 504, or some other

component (e.g., device 506), may include other components that are used to

automatically tension the brace in accordance with one or more sensed conditions.

For example, the motorized closure device 504 may be coupled with an accelerometer

that is used to determine an acceleration of the body part or limb about which a brace

is placed. If the accelerometer detects swift motions of the body part, motorized

closure device 504 may be configured to quickly tension the brace about the body part

to provide additional support to the body part. In this manner, the body part may be

protected against sudden impacts that may result from falling, running, or other quick

movements. In some embodiments, the motorized closure device 504 may be

replaced with a nitinol device that is configured to quickly tension the brace by

applying an electrical signal to a nitinol wire as described herein.

[0082] Referring now to FIG. 5F, illustrated is a method 550 of automatically

tensioning a brace in response to a sensed condition, such as a fall. The automatic

tensioning may be triggered via an accelerometer or some other sensor that is

configured to sense the condition. At block 552, a user dons a brace and the brace

tension or tightness is set to a nominal level, which may be input by the user or set

according to a prescribed tightness value or therapeutic regimen as described herein.



At block 554, the control unit (e.g., device 506) monitors activity for onset of the

condition, such as a fall. A determination (i.e., 556) is made about whether the

condition is sensed. The control unit continues to monitor the activity (e.g., block

554) if the condition is not sensed. Alternatively, at 558, the user may doff the brace

(block 560), which resets the control unit.

[0083] If the condition is sensed, the process continues to block 562 and the

motorized closure device 504 is triggered to tighten the brace and thereby protect the

enclosed limb. The brace may be tightened by a predetermined amount (e.g., 2-5 lb

pressure and the like) to stiffen the brace or otherwise protect the limb. At block 564,

the control unit monitors the activity to determine if the user and/or brace are

experiencing a "safe" level of activity, such as by detecting an absence of acceleration

for a given period of time (e.g., 5 seconds, 2 seconds, and the like). In other

embodiments, the control unit may monitor pressure and/or a stiffness of the brace to

determine if a safe activity level is present. At 566, if a safe activity level is not

detected, the control unit continues to monitor the activity. Alternatively, if a safe

level of activity is detected, the process continues to block 568 and the motorized

closure device 504 is triggered to release tension on the lace back to a nominal level.

[0084] Referring now to FIGs. 6A-C, illustrated are embodiments of auto

tensioning a brace. FIG. 6A illustrates a method 600 in which a motorized closure

system may measure or calculate a tension of the lacing system and/or a pressure

applied to the limb to determine whether the lace should be tightened or loosened.

For example, at block 602, parameters for the brace are set, which may include a

pressure or tightness value or range to maintain for the brace, a maximum lace tension

that is allowed, a minimum lace tension that should be maintained, and the like. The

parameters may be set according to a therapeutic regimen for the user and the like. At

block 604 the user dons the brace and the motorized device adjust the lace tension or

brace tightness/pressure to a nominal level. At block 606, the lace tension is

monitored via the motorized device or a control unit communicatively coupled

thereto. If the lace tension and/or brace tightness/pressure is greater than the

maximum allowable tension (608), the lace tension and/or brace tightness/pressure is

automatically reduced at block 610 via the motorized device. The high lace tension



and/or brace tightness/pressure may be due to compartment syndrome, general

swelling, user error, and the like.

[0085] If the lace tension and/or brace tightness/pressure is not greater than the

maximum allowable tension, then it is determined whether the lace tension and/or

brace tightness/pressure is lower than the minimum desired lace tension and/or brace

tightness/pressure (612). Lower lace tensions and/or brace tightness/pressure may be

due to a reduction in inflamation, atrophy, user error, and the like. If the lace tension

and/or brace tightness/pressure is lower than the minimum allowable tension, the lace

tension and/or brace tightness/pressure is automatically increased to the nominal level

at block 614 via the motorized device. As shown in FIG. 6A, the motorized closure

system may be configured to maintain the lace tension and/or brace tightness/pressure

within a defined range. At block 616, the user may doff the brace after a period of

time.

[0086] FIG. 6B illustrates a method 620 in which lace tension may be adjusted

sequentially to facilitated fluid flow or for various other reasons. For example, the

motorized closure system may be programmed to increase lace tension and/or

decrease lace tension at specified intervals in order to increase blood or fluid flow into

or out of the limb. According to the method 620, at block 622, parameters for the

brace are set, which may include a lace tension or brace pressure to be applied, a

constriction period and frequency, a constriction speed, a treatment time, and the like.

The parameters may be set according to a therapeutic regimen for the user and the

like. At block 624 the user dons the brace and at block 626 an internal timer of the

microsystem is monitored. The internal timer may be used to determine the treatment

period and/or to determine when to constrict or apply brace pressure and release the

pressure. At block 628, the brace is constricted and released in accordance with the

set parameters to assist in pumping or moving blood into and/or out of the limb. At

block 630, the treatment is completed and at block 632 the user doffs the brace.

[0087] In other embodiments, the lace tension may be adjusted when it is

determined that the activity level of the patient will be either high or low such as

during periods of wake or sleep. For example, the lace tension may be decreased in

the evening hours corresponding to periods of time that the patient is typically



inactive, and may be increased in the morning and daytime hours corresponding to

periods of time that the patient is typically active.

[0088] FIG. 6C illustrates a method 640 of auto tensioning a brace based on if the

patient is currently engaged in an activity requiring support of a body part by the

brace. For example, if the patient is running or using the body part in a physical

activity, the lace tension may be increased to provide additional support to the limb.

Conversely, if the motorized closure device determines that the patient is currently

inactive, the lace tension may be loosened to allow the brace to slightly open and

provide increased comfort. At block 642, the user dons the brace and sets the tension

to a nominal level, or conversely, the motorized device automatically tightens the

brace to the nominal level and described herein. At block 644, the system (e.g.,

motorized device and/or control unit) monitors the activity level of the brace via

pressure sensors, accelerometers, strain gauges, and the like.

[0089] At block 646, a determination is made regarding if the brace is experiencing

a high level of activity that may require additional brace tightening. If the brace is not

experiencing a high level of activity, the system continues to monitor the activity at

block 644. Or if the user doffs the brace (block 648) the process is reset. If the brace

is experiencing a high level of activity, the lace tension is increased and/or the brace is

tightened at block 650 via the motorized tensioning device. The additional tightness

provided at block 650 may be based on parameters programmed into, or otherwise

provided, to the system. The additional tightness may be a single value or may be

scaled to the level of activity. For example, the system may be programmed to

increase the tightness between a low and high range depending on the level of activity

measured, or the system may be programmed to have multiple levels of increasing

tightness for increasing levels of activity.

[0090] At block 652, the system monitors the activity level of the brace. At block

654, a determination is made regarding if the brace is experiencing a normal level of

activity. The "normal activity level" may be programmed into or otherwise

communicated to the motorized device and may include an level of acceleration per

given time period, an amount of pressure per time period, and the like. If the brace is

not experiencing a normal level of activity (i.e., the brace continues to experience a

high level of activity), the system continues to monitor the activity at block 652. If



the brace is experiencing a normal level of activity, the lace tension and/or brace

tightness/pressure is reduced at block 656 to the nominal level via the motorized

tensioning device. The process then returns to block 644 in which the system

monitors the activity level of the brace. The process is repeated until the user doffs

the brace at block 648.

[0091] FIG. 6D illustrates a method of determining if an acceleration of the brace is

sufficient to trigger tightening of a brace. At block 660, the acceleration of the brace

is measured, such as from a tri-axial (orthogonal) accelerometer. At block 662, the

vector acceleration is cast into a scalar value. At block 664, a component of gravity is

removed if applicable. At block 666, filtering techniques are applied to the scalar

value, such as a complimentary and/or low-pass filter. At block 668, the scalar value

is related to an activity level. A determination is then may regarding whether a trend

exists (670) and whether the trend is different than a published state (672). A

negative response to either determination resets the process to block 660 while a

positive response to both determinations results in setting of a new state of activity

level (block 674).

[0092] FIG. 6E illustrates a method of adjusting the fit of a brace based on the

activity of a user. The method of FIG. 6E may be performed in response to a new

state of activity level being published at block 674 of FIG. 6D or for various other

reasons. At block 680, the system reads, monitors, or otherwise receives input from a

pushbutton of a user interface. At block 682, the system checks the published state of

activity level for the brace, which may be a nominal level, high level, low level, and

the like. At block 684, a determination regarding whether the user is trying to

perform an action is made. If the user is attempting to perform an action, the system

performs the desire action at block 686 (e.g., tightens the brace, loosens the brace,

performs a prescribed therapeutic regimen, and the like). If the user is not attempting

to perform an action, a determination is made regarding whether the brace is

tensioned and on a user (block 688). If the brace is tensioned and on a user, a

determination is made about whether the published activity level has changed (block

690). If the published activity level has changed, the lace tension and/or brace

tightness/pressure is modified to the level dictated by the published activity level.



The system then resets to block 680. A negative determination at block 688 and/or

690 also resets the system to block 680.

[0093] Referring now to FIGs. 7A-G, illustrated are embodiments of various ways

in which tension may be adjusted with a motorized closure device. The tension

adjustment mechanisms described in FIGs. 7A-G provide easy control for patients

that may be disabled or otherwise dexterity challenged. FIG. 7A illustrates an

embodiment 700 of a brace 703 having a motorized closure system 704 that is used to

tension a lacing system 706 as described herein. As shown, brace 703 may be

configured to fit around a waste of the patient. A dial 702 may be positioned on a

front side of the brace to provide easy access to a patient. The patient may operate the

dial 702 to increase and decrease the tension of the lace of lacing system 706 as

desired. Dial 702 is communicatively coupled with motorized closure system 704

such that rotation of dial 702 provides manual input to the motorized closure system

704 to increase or decrease the lace tension.

[0094] FIG. 7C illustrates another embodiment of a brace 7 11 that is fit about a

patient's knee. Brace 7 11 includes a first motorized closure system 714a and a

second motorized closure system 714b. First motorized closure system 714a is

configured to tension an upper region of brace 7 11 so that the upper portion of brace

7 11 presses against an upper region of the patient's leg and/or knee. Likewise second

motorized closure system 714b is configured to tension a lower region of brace that so

the lower portion of brace presses against a lower region of the patient's leg and/or

knee. As shown in FIG. 7B, the patient may wear a wristband 712 that includes

controls that allow the patient to independently tension first motorized closure system

714a and second motorized closure system 714b. The user's inputs may be wirelessly

transmitted from wristband 712 to the respective first and/or second motorized closure

systems, 714a and 714b.

[0095] FIG. 7D illustrates a method 720 of controlling a brace's tightness or

pressure with a control device, such as a wrist band, knob, and the like. At block 722,

parameters are set for the brace, such as a nominal tension or brace tightness. At

block 724, the user dons the brace. At block 726, the user activates a control (e.g.,

presses a button, rotates a knob, etc.) that triggers the motorized device to tighten the

brace about the limb to the preset or nominal tension. At block 728, the user wears



the brace. At block 730, the user activates a control (either the same control or a

different control) that triggers the motorized device to decrease the tightness of the

brace about the limb. At block 732, the user doffs the brace.

[0096] FIG. 7E illustrates another embodiment 740 of the brace that is fit about a

user's wrist and that includes a motorized closure system 742 as described herein.

The brace also includes a slide tension control 744 that is communicatively coupled

with motorized closure system 742 to tension the lace and adjust the fit of the brace

about the user's wrist. To tension the lace, the patient may simply place their finger

on the slide tension control 744 and slide their finger towards one end of the control;

likewise, the patient may slide their finger towards an opposite end of the control to

loosen the lace. Slide tension control 744 may visually indicate the level of tension

applied via motorized closure system 742 so that the patient is visually aware of the

tension being applied to the body part. In some embodiments, slide tension control

744 may include indicia that visually displays when a proper amount of tension has

been applied. The indicia may be as simple as a green checkmark that indicates a

proper amount of tension, a red X Mark that indicates an insufficient or overly

sufficient amount of tension (FIG. 7G), or the indicia may be more complex and/or

include various shades of color from green to yellow to red that indicate a

corresponding amount of tension. Alternatively, slide tension control 744, or some

other component of the brace, may visually indicate a total amount of force applied or

a percentage of a force applied in relation to a prescribed amount of force (FIG. 7F).

In this manner, the patient may be able to visually determine if and when a proper

amount of tension is applied. The slide tension control 744 may include a tension

sensor 745 that connects or couples with the lace to measure the amount of tension in

the lace.

[0097] The embodiments described above allow the brace to be closed in a

repeatable manner and by a repeatable and measurable amount. Repeatable closure

may be provided by measuring a tension force applied to the lace or by measuring a

displacement of the lace. The embodiments described above are ideal for disabled

and or dexterity challenged individuals. The controls of any of the above described

embodiments may include a positive sign control button that corresponds to an



increase in lace tension and a negative sign control button that corresponds to a

decrease in lace tension.

[0098] FIGs. 8A-H illustrate various embodiments of devices, systems, or

controls that may be used to automatically open a brace to allow a patient to easily

don or doff the brace. FIGs. 8A and 8B illustrate a first embodiment of a brace that

includes a motorized closure system 802, such as those described herein. The

embodiment also includes a first lacing system 804 and a second lacing system 806.

The first lacing system 804 is used to tension the brace about the patient's body part

as described herein. The second lacing system 806 is used to open the brace so as to

allow the patient to place the brace over a body part, such as over a wrist as shown in

FIGs. 8A and 8B. The first lacing system 804 may traverse across the brace and

through one or more guides as described above such that when tension is applied to

the lace, the brace closes about the patient's body part. The second lacing system 806

may be coupled with the brace on opposite sides of an opening 805 such that when

tension is applied to the second lace, the opening 805 of the brace widens to allow the

patient to easily place the brace over the body part.

[0099] As shown in FIG. 8C, in some embodiments, the first lace 804 and second

lace 806 may be wound around a single spool 808 positioned within the motorized

closure system 802. Typically, each lace, 804 and 806, will be wound around a

separate channel of the single spool 808. In this manner, winding of the spool causes

one of the laces (e.g., lace 804) to wind around the spool 808 while the other lace

(e.g., 806) unwinds from the spool 808. In such embodiments, tension is essentially

always applied to the first lace 804 and/or the second lace 806 as the brace is opened

and closed about the body part. This minimizes or eliminates tangling of either the

first or second lace, 804 and 806, during donning and doffing of the brace and

tensioning thereof. In other embodiments, the first and second laces, 804 and 806,

may be wound around separate spools (not shown) that may be individually controlled

to tension the first and second laces as desired.

[0100] FIGs. 8D and 8E illustrate another embodiment 810 of a system for

opening a brace. Like the embodiment of FIGs. 8A and 8B, embodiment 810 also

includes a first lacing system 814 and a second lacing system 816 that are each

coupled with a motorized closure system 812. The first lace 814 of the first lacing



system is tensioned to close a gap 813 of the brace while the second lace 816 of the

second lacing system is tensioned to open the gap 813 as previously described.

Opening and closure of the gap 813 is performed via one or more rods 815 that span

the gap 813. Each of the rods 815 is coupled at a distal end with one side of the brace

and coupled at a proximal end with the second lace 816 such that tensioning the

second lace 816 causes the distal end of the rods 815 to press on the side of the brace

and thereby push the gap 813 open.

[0101] The rods 815 may be held in place relative to the brace via sleeves that are

coupled with the brace. For example the distal portion of the rods 815 may be

inserted through a first sleeve 817a and the proximal portion of the rods 815 may be

inserted through a second sleeve 817b to hold the rods 815 in position relative to the

brace. The rods 815 may slide relative to the first sleeve 817a and/or second sleeve

817b to allow the gap 813 to be pushed open as described above. In some

embodiments, the distal portion of the rods 815 may be coupled with a guide around

which the first lace 814 is positioned. Tensioning the first lace 814 causes the rods

815 to slide through at least one of the sleeves (e.g., 817b) and closes the gap 813. In

some embodiments an opposite side of the brace may include a male and female

components as described herein to allow the opposite side of the brace to be fully

opened.

[0102] FIGs. 8F and 8G illustrates another embodiment 820 of a system for

opening a brace. Embodiment 820 includes a spring that is mounted on a relatively

rigid material or a portion of a brace that is further coupled with the upper material of

the brace. The material of the brace may include fingers or components 828 that

structurally support the material and allow the material to be opened via the spring. In

some embodiments, the material may be further coupled with a panel 826 that may be

folded over an opening 827 of the brace and coupled with an opposite side of the

brace to close the brace. When the panel 826 is uncoupled from the opposite side of

the brace, the spring may cause the entire panel 826 to swing open. To close the

brace, the user may grasp the panel 826, fold the panel 826 over the opening 827, and

couple the panel 826 with the opposite side of the brace. In some embodiments, panel

826 may include a male or female component, such as those described herein, that



couples with a corresponding male or female component attached to the opposite side

of the brace.

[0103] FIG. 8H illustrates another embodiment 830 of a system that may be used

to automatically open a brace. Embodiment 8H includes a spring member 836 that is

positioned under the lace 834 of the lacing system. Spring member 836 is configured

to press against the lace 834 such that when tension is released from lace 834, spring

member 836 causes the lace 834 to unwind from a spool within the motorized closure

system 832. As the lace 834 unwinds from the spool, pressure is removed from the

patient's body part and the brace opens. In some embodiments, a spring member 836

is coupled with the eyestay of the brace such that removal of tension from lace 834

causes the eyestay, and thus the brace, to open via spring member 836. As briefly

described above, the embodiments of FIGs. 8A-H provide a form of lace management

to reduce or eliminate tangling of the lace as tension is removed from the lace.

[0104] As previously described, in some embodiments the brace may be fit with

one or more sensors that communicate with an electronic device (e.g., a smart phone,

tablet pc, personal computer, and the like) or external computing device to monitor

physical characteristics of the patient. The sensors may communicate with the

electronic device via Bluetooth, dated cord, USB, or using any other method known in

the art.

[0105] Referring now to FIGs. 9A-P, illustrated are various embodiments of

sensors that may be used with a brace to monitor physical conditions of the patient.

FIG. 9A illustrates a first embodiment 900 of a brace 902 that includes a plurality of

sensor bands 904 that stretch across a gap 905 of the brace. Sensor bands 904 may be

used to determine a pressure exerted on the patient's body part, such as to determine

an amount that the brace is open or closed. In some embodiments, the sensor bands

904 may be used to determine the pressure in different zones of the brace, such as by

measuring the pressure near the wrist and/or adjacent the elbow.

[0106] In some embodiments, an elastic material 906 may be placed under the

sensor bands 904 to support the brace and/or prevent the sensor bands from rubbing

against the user's skin. The sensor bands 904 function as formation strain gauges

such that brace tension may be detected through deformation of the sensor bands.



Stated differently, brace tension is detected as the sensor bands 904 stretch. The

material characteristics of the sensor bands 904 are known so that the brace tension

may be calculated based on the stretch of the sensor bands 904. The sensor bands 904

may crisscross the gap 905 of the brace to provide accurate monitoring of that brace

tension. The sensor bands 904 may be electrically coupled with the motorized closure

devices, or with any other unit, so as to provide electrical signals that may be

interpreted to calculate the brace tension.

[0107] FIG. 9B illustrates another embodiment of a brace 910 having one or more

sensors 912 attached to an inner surface of the brace 910. The sensors 912 may be

configured to monitor conditions of the patient upon stretching, compression, or other

deformation of the sensors. The sensors 912 may be configured to monitor tension,

temperature, pressure, and the like. By placing the sensors 912 on the inner surface of

the brace 910, the sensors 912 are positioned adjacent the user's body and are thus

able to accurately monitor the physical conditions of the patient. The monitored

conditions of the patient may be recorded by a motorized closure device or some other

component of the brace. In some embodiments, the brace 910 may include a manual

closure device instead of a motorized closure device. A benefit of using sensors 912

is that brace 910 may have a low profile due to the sensors 912 being positioned on

the interior surface of brace 910. In some embodiments, sensors 912 may be made of

a relatively sticky or tacky substance to help prevent migration of the brace 910 about

the patient's body part.

[0108] Data monitored by sensors 912 may enable the brace fit to be

automatically adjusted as described herein, may enable tension feedback to be

provided to the user, and/or may enable the data to be analyzed by a physician to

monitor the effectiveness of a prescribed therapy.

[0109] In some embodiments, the sensors may be small circuits that are printed on

an insert that is fit or placed within the brace (i.e., thin film pressure sensor), such as

within a foot bed of the brace. The printed sensors may monitor pressure or other

conditions of the patient as desired. In some embodiments, the sensors may be

printed on a flexible membrane or material that may be placed on the patient's skin or

included within the brace. FIG. 9C illustrates one embodiment 920 of a brace 922

that includes an insert 925 that is applied next to the body part of the patient. Insert



925 includes individual sensors 924 that may be used to sense individual muscle

movement and/or tendon/ligament activity. Insert 925 may include a sufficient

number of sensors 924 such that the entire activity of the body part supported by

brace 922 may be monitored and recorded. In this manner if individual parts of the

body are of a particular concern, these parts of the body may be more closely

monitored or abnormalities detected. In some embodiments, brace 922 may include

individual tension control units or devices 923 that may be individually tightened to

apply zonal pressure to the body part. For example, if it is determined that an upper

region of the patient's limb needs additional support based on data collected by

sensors 924, the tension in the upper tension control units 923 may be increased so as

to provide the additional support to the upper regions of the patient's limb.

[0110] FIGs. 9D-P illustrate embodiments in which the pressure on the patient's

body may be indirectly measured. Indirect measurement of pressure means that the

pressure is being calculated or implied based on one or more measurements. These

measurements are typically obtained from the reel system or motor of the motorized

or manual closure device. FIG. 9D illustrates one embodiment 930 in which magnets

are placed on a spool 931 and housing 933 of the motorized or manual closure device

and used to obtain measurements via a Hall effect. Specifically, spool 93 1 includes a

plurality of magnets 932 spaced circumferentially around the spool 93 1. Housing 933

includes a pair of magnets 934 placed on an interior wall of the housing. Magnets

934 of housing 933 detect rotation of spool 931 as magnets 932 rotate around and

pass magnets 934. As magnets 932 pass magnets 934, an electrical signal is generated

which is used to interpolate or calculate lace displacement and direction. The

displacement and direction of the lace is used to calculate an amount of tension or

pressure applied to the user's limb via the brace. The use of two magnets 934 on the

interior of housing 933 allows the direction of the spool 931 to be determined. In

other embodiments, the magnets may be placed on the lace itself, included as a part of

a separate spool, used in the knob and housing, included within a guide of the lacing

system, and the like.

[0111] FIGs. 9E-I illustrate another embodiment 940 of a system for indirectly

measuring a pressure applied to the patient's body part. Specifically, the motorized or

manual reel system includes an arrangement of spools, 941a and 941b, around which



a spring or strip of material 942 is wound. Spring 942 includes a plurality of holes

evenly spaced along a longitudinal length thereof. A light source 944 is positioned

beneath the spring 942 and is used to determine the displacement of the spring 942.

The displacement of spring 942 corresponds to a displacement of lace of the lace

winding system. For example, as the lace is wound around a spool (not shown), the

spring 942 is likewise wound around a spool (i.e., 941a or 941b). The light source

944 emits a beam 943 that contacts spring 942 and is reflected back towards light

source 944. As the spring 942 displaces, beam 943 eventually encounters and passes

through one of the holes of spring 942 and is detected by a light sensor 949 or

conversely, is not detected by light source 944. The displacement of spring 942 may

be monitored by measuring the number of times the light source passes through one of

the holes spring 942. This information is used to calculate or interpolate the

displacement and/or tension of the lace, which is in turn used to calculate the pressure

applied by the brace. FIG. 91 illustrates a top view of a motorized tensioning device

that includes the embodiment 940 for indirectly measuring a pressure applied to the

patient's body part.

[0112] FIGs. 9J-L illustrate another embodiment 950 of measuring lace tension.

In this embodiment lace 967 is inserted through a tension meter ring 95 1 and threaded

around a plurality of posts, 954 and 955, which are used to measure the tension of lace

967. Specifically, two of the posts 954 are fixed in relation to tension meter ring 95 1

while a third post 955 is movable within the tension meter ring 95 1. As the lace

tension increases, the third post 955 is pressed downward within tension meter ring

95 1. Third post 955 may in turn be coupled with a landing pad (not shown) which is

threadingly coupled to a gear (not shown). As the third post 955 moves downward

within tension meter ring 95 1, the landing pad may be forced downward which causes

the gear to spin via threaded rods (not shown). Rotation of the gear may cause a

second gear (not shown) too also rotate. The second gear may be coupled with a rack

(not shown) via a pinion, which causes the rack to move longitudinally within tension

meter ring 95 1. The rack may be coupled with a pin 952 that moves within a slot 953

of tension meter ring 95 1 so as to visually display the tension applied to lace 967. In

this manner the tension applied by the user may be visually displayed to the user as a

knob of the closure device is rotated or as the motor of the motorized closure device is



operated. In some embodiments, the landing pad may be coupled with a top surface

of the tension meter ring 95 1 so that loosening the tension of lace 967 causes the

landing pad to be pulled toward the top surface of tension meter ring 95 1.

[0113] FIGs. 9M and 9N illustrate another embodiment 970 that may be used to

measure tension applied to lace of the lace winding system. Specifically, embodiment

970 includes a tension measuring device 977 having a plurality of posts that are

positioned along a path of lace 972 and used to monitor or measure the tension of lace

972. Tension measuring device 977 includes a first post 971a and second post 971b

that are fixedly coupled in relation to lace 972. A third post 974 is coupled with a

longitudinal strip 976 that is movable in relation to tension measuring device 977.

Third post 974 is positioned along the lace 972 so as to be movable in relation thereto.

Specifically, as the tension in lace 972 is increased, the third post 974 and longitudinal

strip 976 are moved in relation to tension measuring device 977. The movement of

longitudinal strip 976 and third post 974 is measured via tension measuring device

977 and used to calculate the tension applied by the brace to the patient's limb. In

some embodiments the tension applied by the brace may be output to the user via

tension measuring device 977. The measurements may likewise be provided to a

motorized closure system, such as those described herein, so that the system may

automatically adjust the tension of the lace 972 and/or perform any of the functions

described herein.

[0114] FIG. 9P illustrates an embodiment 980 in which the tension of a brace may

be automatically applied by a motorized closure system in a relatively quick manner.

The motorized closure system includes a proportional integral derivative (PID)

controller that is communicatively coupled with one or more inductors and capacitors

982 that measure a voltage signal as tension is applied to the lace. Specifically, the

motorized closure system includes lace stabilizers 984 across which the lace stretches.

The inductor capacitor system 982 is positioned between the lace stabilizers 984. As

the lace is tensioned, the lace stabilizers 984 cause the lace to vibrate. The vibration

of the lace is measured by the inductor-capacitor system 982 and a corresponding

voltage signal is determined. The motorized closure system winds the lace until the

measured voltage falls within a hysteresis band of a predetermined voltage level,

which corresponds to a voltage of a desired lace tension.



[0115] FIG. 90 illustrates a method of automatically closing a brace using a PID

control system. Specifically, at block 990, the brace is donned and the PID control

system activates the motor of the motorized real system to begin winding of the lace

around a spool. At block 992, as the lace is tension, the inductive sensor located

along the lace path measures the lace frequency. A block 994, the inductor is

connected across the capacitor and vibration of the lace modulates the magnetic flux.

At block 996, the PID continues to instruct the motor to wind the lace until the

inductive capacitive resonance level falls within the hysteresis band corresponding to

the prescribed lace tension level.

[0116] In other embodiments, the tension on the lace may be measured or the

current or voltage of the motor of the motorized closure device may be measured and

the measured readings may be equated with a corresponding pressure applied on the

body part by the brace.

[0117] In some embodiments, an indicator may be used to display the tension

applied by the brace. For example, in the embodiments that involve tensioning

multiple zones, a color may be associated with each of the zones to indicate the

pressure level in the corresponding zone. For example, a green color could be

displayed to indicate that the pressure in the corresponding zone is within a preferred

range, or the color could be yellow or red to indicate that the pressure in a

corresponding zone is too great or insufficient.

[0118] In addition to those uses of the sensors previously described, the sensors

may be used to determine how a person is walking, to determine the pressure they are

applying to a body part, to determine the individual's gait or other characteristics, and

the like. In one embodiment, the sensors may be used to facilitate donning and

doffing of the brace. For example, a pressure sensor may be placed inside the brace

so that when no pressure is applied by the patient's body part, the brace is

automatically opened. As pressure is applied by the body part, such as when a patient

steps into a foot brace, the brace may be configured to automatically close about a

patient's body part. In this manner, patients with disabilities and/or that have

difficulty manually adjusting the brace may easily don and doff the brace.



[0119] In some embodiments the motorized closure device may use low-power

batteries, such as Bluetooth low-power optimized coin cells. These batteries may

allow the motorized closure device to be used repeatedly over an extended period of

time. The batteries may be rechargeable so that the user is able to recharge the

batteries after each use or after an extended period of time.

[0120] As described briefly above, in some embodiments, the brace and sensors

may be configured to provide physical therapy to the patient. Referring now to FIGs.

10A-E, illustrated are various embodiments in which the brace may be used to

provide physical therapy to a patient. FIGs. 10A and 10B illustrate an embodiment

1000 in which a brace component is used to sense an orientation of a brace 1004 with

respect to the patient's body and/or to sense a motion of the brace with respect to the

patient's body. The brace 1004 may include an accelerometer 1002, gyroscope, or

other sensor that measures the orientation and/or motion of the brace 1004. For

example, in some embodiments the gyroscope may measure the brace 1004's position

to determine if the brace 1004 is in an elevated or lowered position with respect to the

patient's heart. The fit of the brace about the patient's limb may be adjusted

according to the measurements of the gyroscope. Similarly, a physical therapy

regimen may be dependent on the orientation of the brace 1004 with respect to the

patient's heart. The patient may be required to maintain the brace 1004 in an elevated

orientation for a specified amount of time, which can be measured or calculated via

the gyroscope. The gyroscope may be a mechanical gyroscope, an optical gyroscope,

a microelectromechanical systems (hereinafter MEMS) gyroscope, or any other

orientation measuring device known in the art. The MEMS gyroscope and optical

gyroscope provide the advantage of being inexpensive and low-profile. An

accelerometer may similarly be used to measure the motion of the brace 1004 with

respect to the patient's body to determine an activity level of the patient.

[0121] FIG. IOC illustrates another embodiment 1010 in which the orientation of

the brace 1014 may be measured relative to the patient's body. Specifically, the brace

1014 may include a sensor 1012a that is detected by a second sensor, 1012b or 1012c,

to determine an orientation of the brace 1014 relative to the patient's body and/or to

determine the motion of the brace 1014 with respect to the patient's body. The brace

1014 may include an alarm that is used to signal when the patient is not complying



with a prescribed regimen. This information may be recorded and transmitted to a

physician for subsequent analysis and/or adjustment of a prescribed regimen.

[0122] FIG. 10D illustrates a brace 1020 being used to provide resistance so as to

provide physical therapy for a limb of the patient, such as a wrist. The brace 1020

could be programmed to provide cycling or repetitive therapy, forcible therapy, spring

therapy, and the like. These therapies could be provided by allowing the brace to flex

within a certain range and/or in response to a defined force. The motorized closure

device may be configured to allow the brace to flex within a defined range or in

response to a defined force. Similarly, the motorized closure device may allow the

brace to flex at a defined speed. For example, a wrist brace may be designed to allow

the patient's wrist to flex as the patient flexes his or her forearm muscles. This may

help prevent the muscles from atrophying and/or may help the muscles recuperate

from an injury. As shown in FIG. 10E, in some embodiments, the physician may

create a therapy regimen on an electronic device 1024 and the therapy regimen may

be transmitted to the motorized closure device of the brace. The physician may create

the therapy regimen by merely swiping a finger across the screen of the electronic

device 1024 or by otherwise entering this information into the electronic device.

[0123] In some embodiments, the brace 1020 may be used to provide physical

therapy for the patient. As previously described the motorized closure device can be

configured to function as a constant or variable force spring so that the brace provides

a force or load against which the patient presses. The force or load applied by the

brace 1020 may be increased over time according to a prescribed therapy regimen so

that the body part continues to grow stronger as desired. A PID controller, such as

that previously described, may be used to provide the physical therapy. The range of

motion of the brace 1020 may likewise be increased as the patient's body part grows

stronger and/or heals. In some embodiments, physical therapy may only be allowed

during a specified time period. The brace may be rigidly configured when physical

therapy is not being performed to provide a maximum amount of support to the limb.

[0124] The brace 1020 may be configured with a prescribed therapy regimen in a

variety of ways. For example, in some embodiments, the physical therapy regimen

may be transmitted wirelessly (e.g., via Bluetooth and the like) or may be transmitted

via one or more data cords. The brace 1020 may include a user interface that displays



various information to the user, such as the prescribed physical therapy regimen, one

or more parameters of the closure device, the tension applied by the brace, and the

like. The user interface may also include one or more inputs that the user can select to

adjust the various parameters of the brace, input one or more messages to a physician,

access one or more menu pages, and the like.

[0125] As previously described, data on the usage of the brace may be monitored

and transmitted to a database so that a physician may be able to determine how the

patient is complying with a physical therapy regimen. Compliance with the regimen

may be monitored by measuring the activity of the body part per a unit time. The

amount of flex of the body part may also be measured.

[0126] In some embodiments the sensors may operate with a display that displays

to the patient when an appropriate amount of physical therapy has been performed.

For example, the brace may include a green LED light that is illuminated when the

patient has flexed the body part, such as a wrist, by an appropriate amount according

to a prescribed regimen. When the LED is illuminated, the patient may recognize that

the body part has been flexed to a sufficient degree to promote healing of the body

part. Such braces may allow a physician to quickly and inexpensively treat a patient

in addition to stabilizing the body part. Since the brace is able to both stabilize and

provide rehab to the body part, the number of visits the patient must make to be

physician's facility is greatly reduced.

[0127] As previously described, in some embodiments the brace may be designed

to provide feedback to the doctor regarding the patient's compliance in wearing the

brace and/or the patient's compliance with a physical therapy regimen. If the patient

is not complying with either the regimen or with wearing the brace, the physician may

contact the patient and question the patient regarding the patient's activities. The

physician may adjust the physical therapy regimen and/or the brace wearing

requirements based on the patient's compliance.

[0128] In some embodiments, the movement or motion sensor may be combined

with a force sensor so that the system is able to track both the range of motion of the

brace and the force required to achieve that range of motion. This information can be

provided to the physician so that the physician knows both the amount of movement



the patient is making and the force required to achieve that movement. This

information may help the physician prescribe and/or adjust a physical therapy

regimen.

[0129] In some embodiments, the data collected from the motorized closure

device may be collected and recorded in a centralized database. In this manner, large

amounts of data may be analyzed to determine the effects or effectiveness of various

prescribed physical therapy regimens and/or used to adjust or generate one or more

regimens. In this manner a physical therapy regimen prescribed by a physician may

be tailored to the individual needs of a specific patient.

[0130] Referring now to FIGs. 11A-M, illustrated are various other

implementations of a motorized closure system on a brace. FIGs. 11A-C illustrate a

back brace 1101 having a motorized closure device 1104 that may be used to adjust a

flexibility of the brace 1101. Specifically, the motorized closure device 1104 is

coupled to a plurality of panels 1102 that are stacked atop one another so as to slide

relative to one another. The motorized closure device 1104 is coupled to the panels

1102 via a first lace 1103 and a second lace 1106. The first lace 1103 is connected to

a proximal panel and maybe tensioned to pull the plurality of panels 1102 apart. In

this configuration the panels 1102 and back brace 1101 are relatively flexible. The

second lace 1106 is wrapped around a distal panel and coupled with the proximal

panel. The second lace may be tensioned to pull the panels 1102 together. In this

configuration the panels 1102 and back brace 1101 are relatively rigid.

[0131] In some embodiments, a plurality of motorized closure devices may be

coupled with individual panels to provide zonal support and/or flexibility. The back

brace 1101 may also include sensors that measure the pressure, posture, support,

tension, and the like. The sensors may provide this information to the motorized

closure device 1104 and/or another component, which may use this information to

determine if the brace 1101 needs to be more rigid or more flexible.

[0132] FIG. 1ID illustrates an embodiment 1110 that includes a plurality of

motorized closure devices. Specifically, embodiment 1110 includes a first motorized

closure device 1112 and a second motorized closure device 1114. The first motorized

closure device 1112 may be used to quickly wind the lace 1115 about a spool 1116.



The second motorized closure device 1114 may be used to provide fine or micro

adjustment of the tension applied to lace 1115. In some embodiments the two motors

may be configured to run at different gear ratios so as to quickly or more fme-tunely

wind the lace 1115. In another embodiment, the first motorized closure device 1112

may be used to wind and unwind the lace and the second motorized closure device

1114 may be used only when a force greater than that provided by the first motorized

closure device 1112 is required.

[0133] FIGs. 1IE and 1IF illustrate a brace 1120 that includes a base frame 1122

that may be coupled about a patient's body part, such as a knee, via a first fastening

member 1123a and a second fastening member 1123b. Base frame 1122 is configured

so that one or more motorized closure devices (i.e., 1124a, 1124b, 1124c, etc.) may be

attached to the base frame 1122 and wrapped around the patient's body part. Base

frame 1122 may include a central post 1121 along which the motorized closure

devices (i.e., 1124a, 1124b, 1124c, etc.) are attached. The individual motorized

closure devices (i.e., 1124a, 1124b, 1124c, etc.) may be individually tensioned so that

zonal pressure is applied to the patient's body part as desired. For example, if the

lower portion of the patient's body part needs additional pressure, the motorized

closure devices positioned adjacent to the lower portion of the patient's body part may

be tensioned while the other motorized closure devices remain relatively loose.

[0134] In some embodiments, the first fastening member 1123a and/or the second

fastening member 1123b may also function as motorized closure devices so as to

provide additional zonal pressure points. As shown in FIG. 11G, the individual

motorized closure devices and/or first and second fastening members (i.e., 1123a,

1123b, 1124a, 1124b, 1124c, etc.) may be individually controlled via an electronic

device 1126 (e.g., smart phone, tablet, laptop, and the like), via controls on the

individual units, via a wrist band or other band worn by the patient, and the like.

When a motorized closure device is coupled with the base frame 1122, the motorized

closure device and its position relative to the other motorized closure devices may be

detected by the electronic device 1126 or other device that is used to individually

tension the motorized closure devices. In some embodiments, central post 1121 may

include electronic components that help detect the position of a recently attached

motorized closure device.



[0135] FIG. 11H illustrates a brace 1130 having an alternative closure

mechanism. Specifically, brace 1130 uses nitinol wires to close the brace about the

patient's body part, which in the illustrated example is a patient's foot. Nitinol

materials exhibit a unique property of contracting upon the application of an electric

current. The shrinkage of such wires typically corresponds to the current applied. As

such, brace 1130 includes a plurality of nitinol wires that wrap around the patient's

body part that may be activated with an electric current to contract and apply pressure

to the patient's body part.

[0136] Brace 1130 includes an inner layer 1132 of material that directly contacts

the patient's skin or other material, such as a sock. Inner layer 1132 may insulate the

patient's body from the nitinol wires so as to protect the patient from any heat

generated upon the application of an electric current and/or to minimize any point

pressures that may be created from the nitinol wires. Brace 1130 also includes a

second layer 1134 of nitinol wires. The second layer 1134 may be a sock and the

nitinol wires may be wrapped circumferentially around the sock. Brace 1130 may

also include a third layer 1136 of material that covers the second layer 1134 of nitinol

wires to protect the wires and/or to insulate the wires from any external objects.

Brace 1130 may further include an outer layer or shell 1135 that provides structural

support to the brace 1130 and/or that protects the inner layers and components. Outer

shell 1135 may be coupled with straps 1137 that are placed and coupled over an

opening of the brace 1130 to close the brace about the patient's body part. The straps

1138 may include male and female coupling components, 1137 and 1139, such as

those described herein.

[0137] A benefit of using the nitinol wires of brace 1130 is that such wires may be

individual activated to provide localized pressure to the patient's body part. In

addition, the individual wires may be activated in sequence as described in more

detail below to provide additional benefits, such as pumping of the blood, or other

fluid, to or from the body part.

[0138] FIGs. 1II and 11J illustrate another embodiment 1140 of a brace 1144.

Brace 1144 is similar to the braces described previously in that brace 1144 includes a

first motorized closure device 1145a, a second motorized closure device 1145b,

and/or other motorized closure devices that may be individually operated to provide



zonal tensioning and pressure. Brace 1144 also includes a sensor sock 1142 that is

positioned within an interior region of brace 1144 and adjacent the patient's body.

Sensor sock 1142 includes a grid of sensors that is used to detect various

characteristics of the patient's body, such as the temperature of the body part, blood

pressure, pulse rate, and the like. The grid of sensors may also be used to measure

localized pressure within the brace 1144 so that pressure points within the brace may

be detected and appropriate action performed. For example, if a localized pressure

point is detected, information about the pressure point can be transmitted to one or

more of the motorized closure devices, or to a computing device or controller that

controls the motorized closure device, so that one or more zones of the brace may be

loosened to reduce or eliminate the pressure point. Similar actions could occur if high

or low temperatures are detected, pooling of blood is detected, and the like, so as to

eliminate blisters or other problems from developing.

[0139] FIG. 1IK illustrates another embodiment 1150 of a brace 1151 that may be

fit about a patient's body part to provide support and/or for any other reason. Brace

1151 is similar to the other braces described herein in that brace 1151 includes one or

more motorized closure devices and may also include straps 1154 that provide macro

or gross closure of the brace 1151. Brace 1151 also includes a plurality of sensors

1152 that are used to detect various conditions of the body, such as those described

herein. In one embodiment, sensors 1152 include MEMS sensors that are

encapsulated in an airtight, gel, or H20 filled bladder or pack. The bladder detects

and measure hydrostatic pressure changes that result from the pressure exerted by the

brace 1151 on the patient's body and/or from changes in the patient's body, such as

swelling, atrophying, and the like. Any measured data may be transmitted to one or

more motorized closure devices and/or to a controller of the motorized closure

devices so that the pressure applied by the brace can be appropriately adjusted.

[0140] In some embodiments, the brace may include one or more motorized

closure devices, and preferably two or more such devices, that may be used to provide

zonal tensioning of lace to apply zonal pressure to a patient's body part. One or more

of the motorized closure devices may be electrically coupled with a sensor device,

such as those described above, via one or more electrical connections. The sensor

device may include a MEMS sensor or sensors encapsulated in a Gel, H20, or air pack



as described herein. The sensor device may measure pressure changes and

communicate these changes to the motorized closure device(s). The motorized

closure device(s) may use this data to automatically adjust the tension in the lace and

the pressure applied by the brace. In some embodiments, the motorized closure

device(s) may be attached to an inner layer or material of the brace under a tongue or

in some other location so as to be adjacent the patient's skin.

[0141] FIGs. 11L and 11M illustrate an embodiment 1170 of a sock 1172 that

may be worn by a patient for support and/or for various other reasons, such as to help

facilitate blood or other bodily fluid flow to and from a part of the body, such as the

foot. In one embodiment, sock 1172 includes a plurality of nitinol wires 1175 that are

wrapped circumferentially around the sock 1172 and spaced longitudinally along the

sock. As previously described, the nitinol wires may be individually activated

electrically to cause the wires to contract and compress the body part. In some

embodiments, the wires may be activated in sequence to squeeze the body part (e.g.,

foot and/or leg) and thereby force blood, or other bodily fluids, to flow to or from the

body part. This action of the sock 1172 may help prevent or reduce edema in the

body part. The sock 1172 may be worn inside a brace or without a brace.

[0142] In some embodiments, the nitinol wires may be attached to strips of

material 1176 filled with gel, H20, air, and the like so that actuation of the nitinol

wires presses on the strips and the strips press against the patient's skin. In this

manner, localized or point pressures that may result from the nitinol wires are

minimized or eliminated. In one embodiment, the sock 1172 may include a plurality

of such strips 1176 (e.g., 90 strips) spaced longitudinally along the sock. Some or

each of the strips 1176 may include an MEMS sensor that may be used to sense

conditions of the patient, such as body temperature, localized pressure, blood flow,

pulse rate, and the like, as previously described. The MEMS sensors may function as

an electrical gate to manage the activation of individual nitinol wires and thereby

provide zonal pressure and/or the pumping action described herein. In some

embodiments, the individual strips 1176 may be electrically or physically sealed or

insulated with respect to adjacent strips so that the strips may be individually

electrically actuated and compressed.



[0143] In one embodiment, the sock 1172 or a brace may include a power source

(not shown) that is used to provide electrical power to the nitinol wires. The MEMS

sensor may be electrically coupled with the power source (e.g., battery and the like)

so as to manage the activation of individual nitinol wires. In a specific embodiment,

an individual MEMS sensor may not be powered until an MEMS sensor directly

adjacent the MEMS sensor is powered. This process may result in the sequential

triggering of individual strips 1176 and nitinol wires as previously described and may

ensure that the sequential triggering essentially always begins at a distal end of the

sock 1172 (e.g., positioned near the toes) and proceeds toward a proximal end of the

sock (e.g., positioned near the calve or knee) as shown in FIG. 11M. In some

embodiments, the MEMS sensors may monitor heart rate and blood or other fluid

flow within the body. This data may be transmitted to a local or external controller

that may monitor the conditions of the patient and adjust settings of the system as

needed. A physician or centralized server may also have access to this data, which

may be used for the various reasons described herein.

[0144] FIG. 12 illustrates a method of adjusting a brace by measuring a current of

a motor of a motorized closure device. At block 1210, a physician may program or

input a force into a controller or other component that is required or desired for the

brace. At block 1220, the patient may don the brace. At block 1230, a motorized reel

or closure device may take in lace, such as by winding the lace around a spool, to

tighten the brace. At block 1240, the motor may briefly stop and measure or calculate

the current it is drawing. In some embodiments, the current measurements or

calculations may be made in real time without stopping the motor. The measured or

calculated current may be interpolated with a force. At block 1250, a determination is

made as to whether the force matches the force programmed or input by the

physician. At block 1260, if the measured or calculated force does not match the

input or programmed force, the process continues to block 1230 and the motor

continues to take in lace. At block 1270, if the measured or calculated force does

match the input or programmed force, the process continues to block 1280 and brace

tightening is complete. This process may be followed each time a user dons the brace

and/or when the pressure or lace tension is adjusted by a user and/or by the physician.



[0145] Referring now to FIGs. 13A-C, illustrated is an example of a report of a

patient's usage of a brace that may be generated based on data collected by the

motorized tensioning device and/or a control unit communicatively coupled therewith.

As described herein, the data may be transmitted to a central database and the reports

of FIGs. 13A-C may be generated at central database. FIG. 13A illustrates a report of

an amount of time that a patient wears a brace. The report may be segmented into

hours of the day, days of the week, weeks of the month, or any other time period as

desired. The report may also be segmented into a night and day usage of the brace.

As shown in FIG. 13A, the report may show a number of hours each day and night

that the user wears the brace. The report may be coded to illustrate a proper and

improper usage of the brace. For example, different colors may show when the brace

is worn for an insufficient time and when the brace is worn for sufficient time. In

FIG. 13A, the hashed boxes may designate a usage of the brace that is approaching or

that exceeds an unacceptable level while the unmarked or clear boxes designate a

proper usage of the brace. The dashed boxes may designate days or time periods in

which the brace was not worn at all. A physician may quickly analyze the report of

FIG. 13A to determine if the patient is properly using the brace.

[0146] FIG. 13B illustrates another report that may be generated to show the

amount of tension or tightness, or the average tension or tightness, applied while the

brace is worn. As with the report FIG. 13A, the report of FIG. 13B may be

segmented into a tension level for the day and/or for the night. Hashed boxes (or

color-coded boxes) may designate an amount of tension or tightness that is

approaching an unacceptably high level while solid colored boxes designate the

amount of tension or tightness that is approaching an unacceptably low level. The

determination of unacceptably high and/or unacceptably low levels of tightness or

tension may be based on a prescribed therapeutic regimen that is designed to promote

healing of the limb. A physician may quickly and conveniently review the report

FIG. 13B to determine if the brace is being appropriately used to promote healing of

the limb.

[0147] FIG. 13C illustrates a similar report that may be generated to show an

activity level of the patient. The report may be segmented into a high level of

activity, a medium level of activity, and a low level of activity. The motorized



tensioning device and/or a control unit communicatively coupled therewith may

monitor and record various activity levels throughout the day and generate the report

FIG. 13C, which a physician can quickly and conveniently review to determine if a

patient is engaging in an excessive amount of activity or not engaging in enough

activity to promote healing of the limb.

[0148] Referring now to FIGs. 14A-C, illustrated is an embodiment of a mechanism

that may be used with a motorized tensioning device to hold or maintain a brace or

other apparel in an open configuration. The mechanism of FIGs. 14A-C may be

particularly useful for secondary winding assemblies of motorized tensioning devices

that are used to quickly wind up lace. For example, the mechanism of FIGs. 14A-C

may be particularly useful for the secondary winding assembly 260, and in particular

spring member 262, of FIG. IB. In addition to brace applications, the mechanism

may find particular usefulness in shoes where a user desires to open opposing

eyestays of the shoe and maintain the eyestays in an open configuration until the shoe

is fit about the user's foot.

[0149] As shown in FIG. 14A, the mechanism 1400 includes a pawl 1420 or other

member that is configured to catch and mechanically locked within a detent 1422 or

recess of a spool 1404, such as the spool shown in FIG. IB. The spool 1404 is

coupled with a constant force spring 1402 via a spring component 1406. The constant

force spring 1402 is configured to rapidly wind the spool 1404 via the spring

component 1406 as described in FIG. IB. To prevent automatic winding of the spool

1404 via constant force spring 1402, pawl 1420 engages with detent 1422 and locks

or maintains spool 1404 in position. This allows a first lace 1410 and/or second lace

1412 and to remain relatively loose and/or un-tensioned, which aides in donning of

the brace or other apparel (e.g., shoe). FIG. 14A shows the pawl 1420 being

positioned in a rightward orientation relative to spool 1404 and within detent 1422 to

prevent clockwise rotation of spool 1404 and thereby hold or maintain the spool 1404

in position. The rotational force exerted on spool 1404 via constant force spring 1402

and spring component 1406 is not sufficient to overcome the force imparted on spool

1404 by pawl 1420. Stated differently, pawl 1420 counteracts rotation of spool 1404.

As such, the spool 1404 remains stationary while the pawl 1420 is positioned in the

rightward orientation.



[0150] After the brace or shoe is donned and the user wishes to close and tighten

the brace or shoe, the motor 1408 may be actuated to move the pawl 1420 into a

disengaged position relative to spool 1404 and detent 1422. Specifically, as shown in

FIG. 14B, the motor 1408 may be engaged to rotate spool 1404 clockwise. The force

of the motor 1408 is sufficient to cause the pawl 1420 to buckle within detent 1422 or

otherwise move relative thereto. As shown in FIG. 14B, buckling or moving of the

pawl 1420 causes the pawl 1422 shift from the rightward orientation to a leftward

orientation in which the pawl 1420 does not prevent clockwise rotation of spool 1404.

Rather, in the leftward orientation, the detent 1422 may cause the pawl 1420 to deflect

as the spool 1404 is rotated clockwise. Movement of the pawl 1420 from the

rightward orientation to the leftward orientation allows the constant force spring 1402

to quickly wind spool 1404 clockwise via spring component 1406, which allows the

first lace 1410 and/or second lace 1412 to be quickly wound around the spool 1404.

Further tensioning of the first lace 1410 and/or second lace 1412 may be achieved via

motor 1408 as described in FIG. IB.

[0151] FIG. 14C illustrates the pawl 1420 in the leftward orientation relative to

spool 1404. FIG. 14C also illustrates the pawl 1420 being positioned within one of

the detents 1422 in the leftward orientation. Positioning of the pawl 1420 within one

of the detents 1422 may aid in preventing counter rotation of the spool 1404 (e.g.,

counterclockwise rotation of spool 1404). To unwind or loosen the first lace 1410

and/or second lace 1412, the reverse of the above process may be performed.

Specifically, motor 1408 may be actuated to cause spool 1404 to rotate in a

counterclockwise direction, which causes pawl 1420 to buckle or move from the

leftward orientation to the rightward orientation shown in FIG. 14A. The first lace

1410 and/or second lace 1412 may then be loosened via motor 1408 or via pulling

open the brace or shoe. Pawl 1420 then functions to maintain the brace or shoe in an

open configuration as described above.

[0152] Referring now to FIG. 15, illustrated is a method 1500 for automatically

opening and closing a brace about a limb. The method is achieved via brace having

an opening mechanism such as those described in FIGs. 9A - H. The brace may be in

an initially open configuration to allow a user to easily don the brace. As described

herein the brace may include a motorized tensioning device, a control unit



communicatively coupled with the motorized tensioning device, and an opening

mechanism that opens the brace as the tension of the tensioning member tension is

reduced. The motorized tensioning device and control unit may be configured to

adjust a tension of a tensioning member of the brace to close and tighten the brace

about a limb or to allow the brace to be opened and removed from the limb.

According to the method, at block 1510 a first input is received via the control unit.

The first input may be received in response to a user selecting a button or other

actuation control, may be a preconfigured value stored in a memory device of the

control unit, or may be automatically generated by the control unit in response to a

therapeutic regimen, prescribed parameter, or a detection of the user donning the

brace.

[0153] At block 1520, a first instruction is communicated from the control unit to

the motorized tensioning device. The first instruction may include a tension value for

the tensioning member that is input by a user, automatically generated by the control

unit, provided by a physician, and the like. The first instruction may be

communicated via a wired or wireless transmission as described herein above. At

block 1530, the tensioning member is tensioned to substantially the tension value via

the motorized tensioning device to close and tighten the brace about the limb.

Tensioning the tension member to substantially the tension value implies that the

tension member's tension is at or near the tension value, but not necessarily exactly

equal to the tension value. For example, as known in the art, small deviations from a

value may be acceptable for balancing the operation time of the motorized tensioning

device while achieving a desired outcome. In some embodiments, the tension

member may be tensioned to within ± 0.5 pounds of the tension value since a

deviation of the tightness of the brace within this range is typically unnoticeable to a

user.

[0154] At block 1540, a second input is received via the control unit. At block

1550, a second instruction is communicated from the control unit to the motorized

tensioning device. The second instruction may be communicated via a wireless or

wired transmission as described herein above. At block 1560, the tension of the

tensioning member is reduced via the motorized tensioning device to loosen the brace

about the limb and to enable automatic opening of the brace via the opening



mechanism. Automatic opening of the brace via the opening mechanism aids in

doffing of the brace. The automatic opening and closing of the brace as described in

FIG. 15 enables dexterity challenged individuals to easily don and doff and tighten

and loosen a brace about a limb.

[0155] In reducing the tension member's tension, the motorized tensioning device

may reduce the tension until a specified tension is achieved, may reduce the tension

for a specified period of time, and/or may reduce the tension until a limit switch is

contacted. A timed reduction in a tension member's tension may be useful when the

goal is to merely lower the tension value, such as for relief. Reduction in tension to a

specified value may be useful when a controlled output is desired, such as achieving a

minimum tension (i.e., allowing tension adjustment within a specified range).

Reducing tension until a limit switch is contacted may be useful in instances where

tension is released until the occurrence of an event, such as releasing of a Weston

clutch or other component within the motorized tensioning device is achieved.

[0156] In some embodiments, the tensioning member is a first lace that is guided by

one or more guides positioned on the brace. The first lace may be configured to

tighten the brace about the limb upon tensioning of the first lace. In such

embodiments, the brace may further include a second lace that is operably coupled

with the opening mechanism and with the motorized tensioning device. The

motorized tensioning device may tension the second lace as the tension of the first

lace is reduced. Tensioning of the second lace may effect opening of the brace via the

opening mechanism. In other embodiments, the opening mechanism may include a

spring mechanism that is coupled with the brace so as to effect opening of the brace as

the tensioning member's tension is reduced.

[0157] In some embodiments, the first input and/or the second input may be

received from a user. In another embodiment, the first input may be automatically

generated based on input from a sensor corresponding to the brace being positioned

about the limb. In some embodiments, the second input may be automatically

generated based on input from a sensor corresponding to a dangerous condition

associated with the brace. The dangerous condition that is detected may include a

relatively high lace tension, high temperature within the brace, the formation of one or

more boils, and the like.



[0158] In donning and doffing of the brace, the limb may be inserted within the

brace along an axis. In such embodiments, opening of the brace may include

increasing a cross sectional area of the brace about a plane orthogonal to the axis by

between 25% and 50%. For example, as shown in FIG. 9B, a user may insert a limb

(e.g., wrist) along an axis A. In opening of the brace, a cross sectional area of the

brace about plane B, that is orthogonal to axis A, may be opened by between about

25% and 50% to allow the user to quickly and easily doff the brace. In other

embodiments, the cross sectional area of the brace about plane B may be opened by

between about 30% and 40%.

[0159] In some embodiments, a brace having a motorized tensioning device, a

tensioning member operationally coupled with the motorized tensioning device to

tighten the brace about a limb, and a control unit communicatively coupled with the

motorized tensioning device to control adjustment of a tension of the tensioning

member may be configured to perform the method illustrated in FIG. 15.

Specifically, the control unit may be configured to perform some or all of the

operations of FIG. 15 to close and tighten a brace about a limb and open the brace

therefrom. An opening mechanism of the brace may be configured to automatically

open the brace as the tension of the tensioning member tension is reduced and the

brace is loosened.

[0160] Referring now to FIG. 16, illustrated is a method 1600 for tightening a brace

about a limb. As described herein, the brace includes a motorized tensioning device

and a control unit communicatively coupled with the motorized tensioning device.

The motorized tensioning device and control unit are configured to adjust a tension of

a tensioning member of the brace to tighten the brace about the limb. According to

the method, at block 1610 a prescribed parameter is received at the control unit for the

brace. The prescribed parameter is a parameter that is determined to therapeutically

benefit the limb, such as a prescribed tension of the tensioning member or a tightness

and/or pressure to be exerted on the limb by the brace. The prescribed parameter may

be input by a physician or maybe automatically generated based on a therapeutic

regimen that is designed for healing of the limb by a physician or other professional.

In some embodiments, a physician may fit the brace of the limb to tension the brace

until the desired tightness or pressure is achieved. The physician may use their



fingers or another device to measure the tightness or pressure of the brace. The

physician may then record the lace tension and use the lace tension as the prescribed

parameter or may select a button that automatically measures the lace tension and

uses this tension as the prescribed parameter.

[0161] At block 1620, a first instruction is communicated from the control unit to

the motorized tensioning device to tension the tensioning member to a tension value

that is determined from the prescribed parameter. At block 1630, the tensioning

member is tensioned via the motorized tensioning device to substantially the tension

value to adjust a fit of the brace about the limb in accordance with the prescribed

parameter. As described previously, the tensioning member may be tensioned to the

tension value accounting for some common or accepted deviation from the exact

tension value. At block 1640, the fit of the brace about the limb is monitored via the

control unit over a period of time, which may be measured in terms of seconds,

minutes, hours, multiple hours, days, and the like. At block 1650, the monitored fit of

the brace is compared to the prescribed parameter to determine that the fit of the brace

exceeds a variance threshold for the fit. At block 1660, a second instruction is

communicated from the control unit to the motorized tensioning device to adjust the

fit of the brace about the limb. At block 1670, the tension of the tensioning member

is adjusted via the motorized tensioning device so that the fit of the brace about the

limb is in accordance with the prescribed parameter.

[0162] In the above manner, the fit of the brace about the limb is always in

accordance with a prescribed parameter that therapeutically benefits the limb. For

example, a pressure or tightness of the brace is maintained at a value that is designed

to promote healing of the limb. The brace may need to automatically adjust to

maintain a desired pressure or tightness of the brace due to swelling or other

conditions of the limb. For example, limbs often swell or contract due to water

retention, dehydration, inflammation, swelling, atrophy, and the like, which affect the

tightness or pressure that is exerted on the limb from a brace. Conventional braces are

unable to adjust to such conditions and thus are may be unable to maintain a tightness

or pressure that facilitates in improved healing.

[0163] In some embodiments, the prescribed parameter includes the tension value

for the tensioning member (e.g., includes a tension value for the lace of the motorized



tensioning device). In some embodiments, the step of monitoring the fit of the brace

may include monitoring the tension of the tensioning member (e.g., lace) over the

period of time and the step of comparing the monitored fit of the brace may include

comparing the tension of the tension member to the tension value to determine that

the tension exceeds a tension threshold. In some embodiments, the prescribed

parameter may also include a duration of tensioning for the tensioning member, which

may be measured in terms of minutes, hours, days, weeks, and the like. The

prescribed tension parameter may further include an acceptable variation of the

tension over the period of time. In some embodiments, the prescribed parameter may

include a tension range that defines an upper tension value and a lower tension value

within which a user may adjust the tensioning member's tension.

[0164] In other embodiments, the prescribed parameter may include a prescribed

pressure or tightness of the brace about the limb. In such embodiments the method

may further include determining the tension value for the tensioning member based on

the pressure of the brace about the limb. In such embodiments, determining the

tension value for the tensioning member may include tensioning the tensioning

member via the motorized tensioning device until a pressure or tightness of the brace

achieves the prescribed pressure. In other embodiments, determining the tension

value for the tensioning member may include calculating a value that corresponds to

the prescribed brace pressure or tightness. For example, a lace tension that

corresponds to the prescribed brace tightness or pressure may be calculated by the

control unit and transmitted to the motorized tensioning device to tighten the brace to

the prescribed parameter.

[0165] In some embodiments, monitoring the fit of the brace may include

monitoring the tension of the tensioning member over the period of time and the

method may further include: transmitting data corresponding to the monitored

tension to an external computing device and determining via the transmitted data one

or more of the following: that the user is wearing the brace for a prescribed duration,

that the tension of the tension member complies with the prescribed tension

parameter, and/or a level of healing of the limb. In some embodiments, the method

may additionally include receiving data at a central database regarding the fit of a

plurality of braces about corresponding limbs and the therapeutic effects of the usage



of the braces and determining a recommended brace usage based on the therapeutic

effects.

[0166] In some embodiments, the prescribed parameter may be a parameter that is

identified from a recommended brace usage. The recommended brace usage may be

determined from data that is analyzed at a central database regarding the fit of a

plurality of braces about corresponding limbs and the therapeutic effects of the usage

of the braces. Stated differently, information about the fit of braces (e.g., pressure,

stiffness, tightness, and the like of the brace) and the effectiveness of the fit in

promoting healing and/or recovery of a limb may be collected and used to determine

effective therapies for future use in fitting braces about the limbs. The prescribed

parameter that is input into the brace may be based on an effective therapy that is

developed from collected and analyzed data. Charts, graphs, or other information

providing documents may be used to disseminate information on the effective

therapies that are developed from such data collection and analysis. Charts or graphs

may be provided to doctors or physicians for use in prescribing parameters that are

determined to promote healing of the limb as described in FIG. 16.

[0167] Referring now to FIG. 17, illustrated is a method 1700 for providing therapy

with a brace fitted about a limb. As described herein the brace includes a motorized

tensioning device, a tensioning member that is operationally coupled with the

motorized tensioning device to tighten the brace about the limb, and a control unit

communicatively coupled with the motorized tensioning device to control adjustment

of a tension of the tensioning member. According to the method, at block 1710 a

therapeutic regimen is received at the control unit. The therapeutic regimen may be a

therapy that is prescribed by a physician to promote healing of the limb and/or to

prevent weakening of the limb being supported by the brace. The therapeutic regimen

may be designed to aid in recovery of the limb via repetitive movement of the limb.

For example, the brace may be used to prevent atrophy of the limb, to increase muscle

strength, and/or to increase a range of motion of the limb such as after surgery and/or

ligament or tendon damage. Step 1710 is an optional step that does not need to be

included in every embodiment. For example, in some embodiments the control unit

may monitor the activity of the brace and formulate or otherwise devise a therapeutic

regimen that will promote healing of the limb. In some embodiments, receiving the



therapeutic regimen may include preprograming the control unit to include the

therapeutic regimen or may include receiving the therapeutic regimen via a wired or

wireless transmission after the user has donned and tightened the brace.

[0168] At block 1720, a first instruction is communicated from the control unit to

the motorized tensioning device to adjust the tension of the tensioning member in

accordance with the therapeutic regimen. The first instruction may instruct the

motorized tensioning device to repetitively or cyclically adjusted the tension of the

tensioning member to promote repetitive movement of the limb. At block 1730, the

tension of the tensioning member is controlled via the motorized tensioning device in

accordance with the therapeutic regimen to enable flexing of the brace and thereby

promote repetitive movement and therapeutic healing of the limb. In some

embodiments, controlling the tensioning the tension member may include providing a

desired resistance via the motorized tensioning device in response to the user flexing

the brace via flexing of the limb or repetitively or cyclically increasing and decreasing

the tension of the tensioning member to effect repetitive or cyclical movement of the

brace and limb.

[0169] In some embodiments, the method may further include alerting the user that

the user's flexing of the brace via flexing of the limb is not in compliance with the

therapeutic regimen. In other embodiments, the method may further include alerting

the user to perform the therapeutic regimen. Alerting the user may include an audible

or visual signal that indicates the compliance or noncompliance with the therapeutic

regimen. In some embodiments, the user may flex a limb until an audible and/or

visual signal is provided to the user to indicate compliance with the therapeutic

regimen. In some embodiments, the resistance provided by the motorized tensioning

device may be increased over time in accordance with the therapeutic regimen, or the

cyclical or repetitive increasing and decreasing of the tensioning member's tension

may be increased over time in accordance with the therapeutic regimen. In some

embodiments, the method may additionally include transmitting data regarding the

therapeutic regimen to an external database. In some embodiments, the method may

additionally include displaying information related to the therapeutic regimen on a

user interface of the brace.



[0170] Having described several embodiments, it will be recognized by those of

skill in the art that various modifications, alternative constructions, and equivalents

may be used without departing from the spirit of the invention. Additionally, a

number of well-known processes and elements have not been described in order to

avoid unnecessarily obscuring the present invention. Accordingly, the above

description should not be taken as limiting the scope of the invention.

[0171] Where a range of values is provided, it is understood that each intervening

value, to the tenth of the unit of the lower limit unless the context clearly dictates

otherwise, between the upper and lower limits of that range is also specifically

disclosed. Each smaller range between any stated value or intervening value in a

stated range and any other stated or intervening value in that stated range is

encompassed. The upper and lower limits of these smaller ranges may independently

be included or excluded in the range, and each range where either, neither or both

limits are included in the smaller ranges is also encompassed within the invention,

subject to any specifically excluded limit in the stated range. Where the stated range

includes one or both of the limits, ranges excluding either or both of those included

limits are also included.

[0172] As used herein and in the appended claims, the singular forms "a", "an", and

"the" include plural referents unless the context clearly dictates otherwise. Thus, for

example, reference to "a process" includes a plurality of such processes and reference

to "the device" includes reference to one or more devices and equivalents thereof

known to those skilled in the art, and so forth.

[0173] Also, the words "comprise," "comprising," "include," "including," and

"includes" when used in this specification and in the following claims are intended to

specify the presence of stated features, integers, components, or steps, but they do not

preclude the presence or addition of one or more other features, integers, components,

steps, acts, or groups.



WHAT IS CLAIMED IS:

1. A method for automatically opening and closing a brace about a limb,

the method comprising:

a brace in an initially open configuration that aids in donning of the brace, the

brace including:

a motorized tensioning device;

a control unit communicatively coupled with the motorized tensioning

device, the motorized tensioning device and control unit being configured to adjust a

tension of a tensioning member of the brace; and

an opening mechanism that opens the brace as the tension of the

tensioning member tension is reduced;

receiving a first input at the control unit;

communicating a first instruction from the control unit to the motorized

tensioning device;

in response to the first instruction, tensioning the tensioning member via the

motorized tensioning device so as to close and tighten the brace about the limb;

receiving a second input via the control unit;

communicating a second instruction from the control unit to the motorized

tensioning device; and

in response to the second instruction, reducing the tension of the tensioning

member via the motorized tensioning device so as to loosen the brace about the limb and to

enable opening of the brace via the opening mechanism to aid in doffing of the brace.

2 . The method of claim 1, wherein the tensioning member is a first lace

that is guided by one or more guides positioned on the brace, the first lace being configured

to tighten the brace about the limb upon tensioning of the first lace, and wherein the brace

further includes a second lace that is operably coupled with the opening mechanism and with

the motorized tensioning device, wherein the motorized tensioning device tensions the second

lace as the tension in the first lace is reduced, and wherein tensioning of the second lace

effects opening of the brace via the opening mechanism.



3 . The method of claim 1, wherein the opening mechanism includes a

spring mechanism that is coupled with the brace so as to effect opening of the brace as the

tensioning member's tension is reduced.

4 . The method of claim 1, wherein the first instruction comprises a

tension value that is provided by a user or that is a preconfigured value stored in a memory

device of the control unit.

5. The method of claim 1, wherein either or both the first input or the

second input is received from a user.

6 . The method of claim 1, wherein the first input is automatically

generated based on input from a sensor corresponding to the brace being positioned about the

limb.

7 . The method of claim 1, wherein the second input is automatically

generated based on input from a sensor corresponding to a dangerous condition associated

with the brace.

8. The method of claim 1, wherein in donning and doffing of the brace,

the limb is inserted within the brace along an axis, and wherein opening of the brace includes

increasing a cross sectional area of the brace about a plane orthogonal to the axis by between

25% and 50%.

9 . A brace comprising:

a motorized tensioning device;

a tensioning member operationally coupled with the motorized tensioning

device to tighten the brace about a limb;

a control unit communicatively coupled with the motorized tensioning device

to control adjustment of a tension of the tensioning member, wherein the control unit is

configured to:

receive a first input;

communicate a first instruction to the motorized tensioning device to

tension the tensioning member and thereby close and tighten the brace about the limb;

receive a second input; and



communicate a second instruction to the motorized tensioning device

to reduce the tension of the tensioning member and thereby loosen the brace about the

limb; and

an opening mechanism configured to automatically open the brace as the

tension of the tensioning member tension is reduced and the brace is loosened.

10. The brace of claim 9, wherein the tensioning member is a first lace that

is guided by one or more guides positioned on the brace, the first lace being configured to

tighten the brace about the limb upon tensioning of the first lace, and wherein the brace

further includes a second lace that is operably coupled with the opening mechanism and with

the motorized tensioning device, wherein the motorized tensioning device tensions the second

lace as the tension in the first lace is reduced, and wherein tensioning of the second lace

effects opening of the brace via the opening mechanism.

11. The brace of claim 9, wherein the opening mechanism includes a

spring mechanism that is coupled with the brace so as to effect opening of the brace as the

tensioning member's tension is reduced.

12. The brace of claim 9, wherein either or both the first input or the

second input is received from a user.

13. The brace of claim 9, wherein the brace further comprises a sensor that

is configured to sense when the brace is positioned about the limb, the sensor being

communicatively coupled with the control unit such that the first input is automatically

generated based on input from the sensor of the brace being positioned about the limb.

14. The brace of claim 9, wherein the control unit is further configured to

automatically generate the second input based on information from a sensor of a dangerous

condition associated with the brace (e.g., super high lace tension, high temperature within the

brace, formation of boils, etc.).

15. The brace of claim 9, wherein in donning and doffing of the brace, the

limb is inserted within the brace along an axis, and wherein opening of the brace includes

increasing a cross sectional area of the brace about a plane orthogonal to the axis by between

25% and 50%.



16. A method for tightening a brace about a limb comprising:

a brace including:

a motorized tensioning device; and

a control unit communicatively coupled with the motorized tensioning

device, the motorized tensioning device and control unit being configured to adjust a

tension of a tensioning member of the brace to tighten the brace about the limb;

receiving, at the control unit, a prescribed parameter for the brace that is

determined to therapeutically benefit the limb;

communicating a first instruction from the control unit to the motorized

tensioning device to tension the tensioning member to a tension value determined from the

prescribed parameter;

tensioning, via the motorized tensioning device, the tensioning member to

substantially the tension value so as to adjust a fit of the brace about the limb in accordance

with the prescribed parameter;

monitoring, via the control unit, the fit of the brace about the limb over a

period of time;

comparing the monitored fit of the brace to the prescribed parameter to

determine that the fit of the brace exceeds a variance threshold for the fit;

communicating a second instruction from the control unit to the motorized

tensioning device to adjust the fit of the brace about the limb; and

adjusting the tension of the tensioning member via the motorized tensioning

device so that the fit of the brace about the limb is in accordance with the prescribed

parameter.

17. The method of claim 16, wherein the prescribed parameter includes the

tension value for the tensioning member.

18. The method of claim 16, wherein monitoring the fit of the brace

comprises monitoring the tension of the tensioning member over the period of time; and

comparing the monitored fit of the brace comprises comparing the tension of

the tension member to the tension value to determine that the tension exceeds a tension

threshold.



19. The method of claim 16, wherein the prescribed parameter further

comprises a duration of tensioning for the tensioning member.

20. The method of claim 16, wherein the prescribed tension parameter

further comprises a variation of the tension over the period of time.

21. The method of claim 16, wherein the prescribed tension parameter

further comprises a tension range that defines an upper tension value and a lower tension

value within which a user may adjust the tensioning member's tension.

22. The method of claim 16, wherein the prescribed parameter includes a

prescribed pressure of the brace about the limb, and wherein the method further comprises:

determining the tension value for the tensioning member based on the pressure

of the brace about the limb.

23. The method of claim 22, wherein determining the tension value for the

tensioning member includes tensioning the tensioning member via the motorized tensioning

device until a pressure of the brace achieves the prescribed pressure.

24. The method of claim 22, wherein determining the tension value for the

tensioning member includes calculating a value that corresponds to the prescribed pressure.

25. The method of claim 16, wherein monitoring the fit of the brace

comprises monitoring the tension of the tensioning member over the period of time, and

wherein the method further comprises:

transmitting data corresponding to the monitored tension to an external

computing device; and

determining via the transmitted data one or more of the following:

that the user is wearing the brace for a prescribed duration;

that the tension of the tension member complies with the prescribed

tension parameter; or

a level of healing of the limb.

26. The method of claim 16, further comprising:



receiving data at a central database regarding the fit of a plurality of braces

about corresponding limbs and therapeutic effects of the usage of the braces; and

determining a recommended brace usage based on the therapeutic effects.

27. The method of claim 16, wherein the prescribed parameter is a

parameter identified from a recommended brace usage, the recommended brace usage being

determined from data analyzed at a central database regarding the fit of a plurality of braces

about corresponding limbs and therapeutic effects of the usage of the braces.

28. A brace comprising:

a motorized tensioning device;

a tensioning member operationally coupled with the motorized tensioning

device to tighten the brace about a limb;

a control unit communicatively coupled with the motorized tensioning device

to control adjustment of a tension of the tensioning member, wherein the control unit is

configured to:

receive a prescribed parameter for the brace that is determined to

therapeutically benefit the limb;

communicate a first instruction to the motorized tensioning device to

tension the tensioning member to a tension value determined from the prescribed

parameter;

monitor the fit of the brace about the limb over a period of time;

compare the monitored fit of the brace to the prescribed parameter to

determine that the fit of the brace exceeds a variance threshold for the fit; and

communicate a second instruction to the motorized tensioning device

to adjust the fit of the brace about the limb so that the fit of the brace about the limb is

in accordance with the prescribed parameter.

29. The brace of claim 28, wherein:

the prescribed parameter includes the tension value for the tensioning member;

monitoring the fit of the brace comprises monitoring the tension of the

tensioning member over the period of time; and



comparing the monitored fit of the brace comprises comparing the tension of

the tension member to the tension value to determine that the tension exceeds a tension

threshold.

30. The brace of claim 28, wherein the prescribed parameter further

comprises a duration of tensioning for the tensioning member.

31. The brace of claim 28, wherein the prescribed tension parameter

further comprises a variation of the tension over the period of time.

32. The brace of claim 28, wherein the prescribed tension parameter

further comprises a tension range that defines an upper tension value and a lower tension

value within which a user may adjust the tensioning member's tension.

33. The brace of claim 28, wherein the prescribed parameter includes a

prescribed pressure of the brace about the limb, and wherein the control unit is configured to

determine the tension value for the tensioning member based on the pressure of the brace

about the limb.

34. The brace of claim 33, wherein the control unit determines the tension

value for the tensioning member by:

effecting tensioning the tensioning member via the motorized tensioning

device until a pressure of the brace achieves the prescribed pressure; and

recording a value of the motorized tensioning device that achieves the

prescribed pressure.

35. The brace of claim 33, wherein the control unit determines the tension

value for the tensioning member by calculating a value that corresponds to the prescribed

pressure.

36. The brace of claim 28, wherein the control unit is further configured to

transmit data corresponding to the monitored fit of the brace about the limb over the period of

time.

37. A method for providing therapy with a brace fitted about a limb,

method comprising:



a brace including:

a motorized tensioning device;

a tensioning member operationally coupled with the motorized

tensioning device to tighten the brace about the limb; and

a control unit communicatively coupled with the motorized tensioning

device to control adjustment of a tension of the tensioning member;

communicating a first instruction from the control unit to the motorized

tensioning device to adjust the tension of the tensioning member according to a therapeutic

regimen that is designed to aid in recovery of the limb via repetitive movement of the limb.

38. The method of claim 37, further comprising:

receiving the therapeutic regimen at the control unit; and

controlling the tension of the tensioning member via the motorized tensioning

device in accordance with the therapeutic regimen to enable flexing of the brace to promote

repetitive movement and therapeutic healing of the limb.

39. The method of claim 38, wherein cyclically controlling the tension

comprises:

providing a desired resistance via the motorized tensioning device in response

to the user flexing the brace via flexing of the limb; or

cyclically increasing and decreasing the tension of the tensioning member to

effect cyclical movement of the brace and limb.

40. The method of claim 39, further comprising alerting the patient that the

user's flexing of the brace via flexing of the limb is not in compliance with the therapeutic

regimen.

41. The method of claim 39, wherein:

the resistance provided by the motorized tensioning device is increased over

time in accordance with the therapeutic regimen; or

the cyclical increasing and decreasing of the tensioning member's tension is

increased over time in accordance with the therapeutic regimen.

42. The method of claim 38, wherein the therapeutic regimen is received

from a physician.



43. The method of claim 37, further comprising alerting the patient to

perform the therapeutic regimen.

44. The method of claim 37, further comprising transmitting data

regarding the therapeutic regimen to an external database.

45. The method of claim 37, further comprising displaying information

related to the therapeutic regimen on a user interface of the brace.

46. A brace comprising:

a motorized tensioning device;

a tensioning member operationally coupled with the motorized tensioning

device to tighten the brace about a limb; and

a control unit communicatively coupled with the motorized tensioning device

to control adjustment of a tension of the tensioning member, wherein the control unit is

configured to:

communicate a first instruction to the motorized tensioning device to

cyclically adjust the tension of the tensioning member according to a therapeutic

regimen that is designed to aid in recovery of the limb via cyclical movement of the

limb.

47. The brace of claim 46, wherein the control unit is further configured to

receive the therapeutic regimen, and wherein the motorized tensioning device is configured to

cyclically control the tension of the tensioning member in accordance with the therapeutic

regimen to enable flexing of the brace to promote movement and therapeutic healing of the

limb.

48. The brace of claim 47, wherein the motorized tensioning device is

further configured to:

provide a desired resistance via the tensioning member in response to the user

flexing the brace via flexing of the limb; or

cyclically increase and decrease the tension of the tensioning member to effect

cyclical movement of the brace and limb.



49. The brace of claim 46, wherein the brace further comprises and alarm

for alerting the patient that the use of the brace is not in compliance with the therapeutic

regimen or for alerting the patient to perform the therapeutic regimen.

50. The brace of claim 46, wherein the control unit is further configured to

transmit data regarding the therapeutic regimen to an external database.

51. The brace of claim 46, wherein the brace further comprises a user

interface for displaying information related to the therapeutic regimen to a user.
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