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EXERCISE APPARATUS AND TECHNIQUE

RELATED CASES
This application is a continuation-in-part of
United States application 08/089,852 filed July 9,

1993, for EXERCISE APPARATUS AND TECHNIQUE.

BACKGROUND OF THE INVENTION

This invention relates to apparatuses and
methods for providing controlled exercise and
support.

Braces for jointed anatomical limb segments
such as the leg and ‘thigh or the arm and forearm

are known. The braces have joints that permit motion
of the limb segments, such as for example, motion of

the leg with respect to the thigh about the Knee,
the thigh and trunk about the hip, the arm and trunk
about the shoulder and the forearm and arm about the
elbow. Such braces may include stops to linmit
motion.

In one class of exercise equipment, provision
is méde to attach the exercise equipment to a brace-
like structure or to a brace-like fastening means

that is part of the equipment. This type of brace-
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like equipment attaches to the 1limb segments to
permit exercise of the braced part, such as for
example, to permit or limit exercise of the leg and
thigh about the knee or the arm and° forearm about
the elbow.

Prior art exercise technigues are
conventionally classified as- isometric, isotonic,
and isokinetic. An additional fourth classification
has become recently recognized and called
individualized dynamic variable resistance. All of
these techniques except isometric utilize motion of
the limb for strengthening or treating an injured
muscle and all of the techniques have corresponding
exercise equipment associated with then.

One type c;f prior art isokinetic technique and
corresponding exercise egquipment is machine
operated. The patient moves and either flexes a
joiht through predetefmined range using motor
control and resists movement by the patient with a

force proportional to the speed of movement of the

patient. This type of equipment has the-
disadvantage of being expensive, and under some
circumstances, of not providing a controlled level

of muscular exertion appropriate for the position of
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the parts being exercised since it is stationed on a
fixed surface such as the floor.

Isotonic exercise equipment includes weights
and a mechanism for applying the weights to the
anatomical segment so that the patient exerts effort
against the weights. This type of prior art
exercise equipment has the disadvantages of: (1)
éontinuously providing resistance of the same amouht
regardless of the position of the 1limb being
exercised; (2) continuance of the force when the
patient stops moving if the weight is elevated; and
(3) being only uni-directional in a concentric
(shortening muscle) sense.

A newer type of prior art exercise equipment
and technique involving motion is individualized
dynamic variable resistance. This equipment
measures a limb’s strength aﬁility isokinetically to
establish a motor performance curve. This curve is
a relationship between degrees and the range of
motion and resistance to that motion. During
exercising, the resistance 1is provided over a
dist'ance corresponding to the range of motion as a
fixed percentage 6f the maximum established by that
curve. The curve 1s followed but at a preset level

such as one-fourth of its maximum value.
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In the equipment using this technique, the
curve is measured and recorded and then during
exercise, a feedback mechanism senses the position
and obtains a signal corresponding to the proportion

5 of resistance corresponding to that position.
This signal controls the amount of force applied
through a magnetic particle brake attached to the
linmb. Equipment utilizing this technique 1is
disclosed in United States patent 4,869,497 granted

10 September 26, 1989.
 This technigue has several disadv;antages under
certain circumstances, such as: (1) continuing a
resistive force after motion has stopped; (2) being
adap;table only to open kinetic chain exercise ;0 (3)
15 being dependent to some extent on control.led speed

of movement to provide the appropriate resistance;
(4) the equipment is fixed to a particular locality
when in use, as well as to the patient; (5) the
equipment is bulky and cannot be easily moved from
20 place to place; and (6) the user may inadvertantly
use other muscles to change the exercise pattern .
because the muscle cannot be easily isolated with
equipment mounted to equipment on which the patient

sits or stands or to the ground since the patient

may be able to exert leverage with another part of
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the body. This technique also has the disadvantage
of being too inflexible and not accomodating
resistance programs developed for specific purposes;

such as to strengthen fast twitch or slow twitch

muscles individually or for a program prescribed to
accomodate a particular 1limb position for
development of particular muscles in a manner

deviating from the motor performance curve,

SUMMARY OF THE INVENTION

It is an object of the invention to provide a
novel exercisé mechanism and technique.

It is a further object of the invention to
provide an exercise device that may be attached to
exsisting brac‘e.s.'. or -s'pecific designed exercise
l:;races, such as lovfef extremity braces br ‘upper
extrémity braces and'provide for controlled exercise
Oof the person wearing the brace.

It is a further object of the invention to
provide an inexpensive and easily applied technique
for providing controlled resistance therapy for
Persons with injured extremities or joints or
possibly other body parts.

It 1s a still further object of the invention
to provide a novel exercise device and technique

that provides resistance to movement that 1s related
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in a precontrolled manner to the position of the
part being exercised.

It is a still further object of the invention
to provide an exercise devide and technique that
provides resistance to movement that is related in a
pre-programmed manner to the position of the part
being exercised but is applied independently of
speed.

It is a still further object of the invention
10 to prox}ide a novel exercise device and technique

that permits tailored exercise programs for- a wide

variety of purposes, such as to strengthen

principally the fast twitch muscle or the slow

twitch muscle or to_strgngt;hen only certain portions
15 of an injured muscle.

It is a st:‘gll further object of the invention
to provide a novel exercise device and technique
utilizing motion in which the user can vary the
speed along a resistance program which provides

20 resistance to movement related to position.

It is a still further object of the invention
to provide a novel exercise technique and apparatus.
which does not provide a force when the person doing

the exercise stops attempting to move but which is
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nonetheless independent of speed of motion by the
Person doing the exercising.

It is a still further object of the invention
to provide a novel exercise technique and device
which permits particular muscles to pe isolated
since it is only attached to the patient and not to
an object upon which the patient is sitting or
standing. |

It is a still further object of the invention
to provide a novel exercise device which is coupled
to images or other sensed programs so that the user
can correlate muscle activity with sensed events.

It i1s a still further object of the inventipn
to prc;vide a device and method that enables
‘equipment suéh as ski boots or the 1like to have
useful amounts of motion with resistance to movement
in controlled directions so as to be less likely to
cause injury.

It is a still further objeé:t of the invention
to provide a novel exercise device ang technique in
which the resistance to movement ls related in K
manner programmed by a therapist to correspond to
the position of the part being exercised but not

necessarily proportional to an average motor
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performance curve throughout the range of motion but

instead constructed for specific purposes.

It is a still further object of the invention
to provide a versatile exercise device that can be
conveniently applied to either open. kinetic chain
exercise or closed kinetic chain exercise.

T+ is a still further object of the invention
to provide 'a technique and 'equipment for combining
resistance to movement that 1is related 1in a
precontrolled manner to the position of the part
being moved with electrical muscle stimulation to
aid movement or prevent undesired movement.

It is a still further object of the invention
to proyidé an exercise device and technique that
provides resistance to movement'that is related in a
pre-programmed manner to the positioh of ‘the part
being m'oved and/or provides electrical muscle
stimulation at least partly controlled by electrical
myography (EMG) and/or other biofeedback measurément
(e.g. force plate).

In accordance with the above and further
objects of the invention, one embodiment of exercise
device is part of or may be attached to a brace for
a body part. It may include means for fastening the

exercise device to a limb brace or brace for another
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body part to control the amount of force needed to
flex or extend the braced extremity or 1limb or other
body part about a joint. In a preferred embodiment,
the means for controlling the amount of force
includes one or more frictional resistance members
that are removably attachable to a conventional
brace to provide a desired resisting force to
movement. '

The frictional resistance members may include
either: (1) a mechanism that releases for free

movemeént in one direction and moves with resistance
against force in the other direction; or (2) a
mechanism that provides controlled variable or

constant resistance in either or both directions.

'Adjustable stops or 1limit members to control the

amount or range-of motion may be provided. The
resisting force may be provided by force members
such as springs or motors or stretchable members or
pneunatic cylinders or the like.

Friction men.ibers and pressure members thét work
together to provide frictional force against
moveinent are used 1in the preferred embodiment.
because mechanisms that use friction to control the
amount of resistance to motion: (1) are relatively

easy to adjust for different amounts of resisting
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force; and (2) do not provide force except to resist
motion of the exercised 1limb. One technique for
adjusting the amount of resistance is to adjust the
pressure normal to frictional surfaces that move

5 with respect to each other. The resistance stops
when motion or force applied by the patient to cause
motion stops and the exercise device does not move
or exert force except when providing a resisting
force to motion by the person using it.

10 In one embodiment, a knee brace or elbow brace
includes first and second sections connected at a
pivot point. For one use, the first section is
attachable to the leg (tibia and fibula) by a first
connecting ﬁeans and the seco.nd section is connected

15 to.. the thigh (femur) by a second connecting means.

For another use, the first section is attachable to

the forearm (radius and ulna) by a first connecting

means and the second sectiqn '1s connected to the arm

(humerus) by a second connecting means. In either

20 use, a first lever in the first section removably
snaps onto the first connecting means and a second
lever in the second section removably snaps onto the
second connecting means, with the two levers being

connected to a friction control module centered at

the pivot point. The friction control module
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controls the amount of friction or resistance

In some embodiments, frictional members are
moved with respect to each other as the two levers
move. The amount of friction is controlled: (1) in
some embodiments, by mechanical means such as
ratchets, ramps or the like in accordance ﬁrith the
direction of movement and/or the position of the
levers with respect to each other; (2) 1in other
embodiments, " a microprocessor~controlled pressure
device controls both a basic overall pressure or
minimum pressure and variations in pressure to
create variations in resistanceq to motion in
different directions of movement. An overall bias
pressure may be established by a tightening
mechanism that applies normal pressufe between two
friction members.

In some embodiments, the friction members are
level and flat disks, in others the disks have

contoured surfaces to provide different amounts of
friction at different locations in the movement of
the device. In still other émbodimepts the friction
members are not disks but have other geometric

shapes with concentric spherical surfaces. The
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flexion and extension (or clockwise counter

clockwise) friction members may be next to each

other in concentric rings, or on opposite sides of

each other or one beneath the other or one inside
5 the other.

In one embodiment, the frictional members are
made to be easily connected to splints that are
parts of exiéting commercial braces. The frictional
members are housed in a control module that has

10 levers extending from it. The levers are
replaceably attached to the standard splints of the
braces.

With this arrangement, the control module may
be attached to a brace by a person wearimj the
15 brace, used for exercise while the control module is
attached to the brace and removed from the brace
after exercise without removing the brace. However,
the exercise device need not be fixed to a brace but
can be part of an exercise chair as'a substitute for
20 other force devices or may be paft of a larger
exercise unit to provide controlled resistance to
moveinent of several Jjoints in any of several
directions.

In still other embodiments, the friction may be

provided by compressing frictional plates together
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in accordance with a planned program, such as
magnetically or by rotatable screw drive means or
hydraulic plunger means or other means for varying
the force between the friction plates. Programs may
be mechanical, built into the control module or
replaceable within a control module or may be
electrical and recorded permanently or changeably or
be direct from outside the module.

The basic module can also be used in
conjunction with other types of equipment such as
skl boots or the like to provide a controlled amount

of movement with resistance and thus avoid injury

that might otherwise occur such as with an

inflexible ski boot. Similarly, such equipment may

include sensors to form visual ' or other sensory
images while a person exercises, such as for

example, images of terrain while someone is using

exercise equipment simulating cross country skiing.

Similarly, orthotic systems may be equipped to
provide ove'rall or relatively complete exercise
environments or other simpler equipment now equipped
with weights to provide isotonic exercise may
instead be equipped with control modules to provide
controlled resistance in accordance with the

position of the anatomical segments being exercised.
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The equipment may be used in conjunction with, or in

coordination with or as part of muscle stimulating

equipment such as electrical muscle stimulation, and

electrical myographic measurement of tonic or phasic

5 muscle contractions for use in feedback systems to

time electrical muscle stimulation and/or change the
resistance accordingly.

From the above description, it ban be

understood that the exercise device of this

10 invention has several advantages, such as: (1) it

can provide ‘controlled resistance to movement in

either direction; (2) it may be easily snapped onto

existing braces to provide a controlled program of

therapy without the need for expe.nsive egquipment;

15" (3) it can provide a controlled and contoured

resistance which depends on the position of the

limb; (4) the controlled programs of fesistance may

be tailored to the individual and controlled by

inserts inéo the exerciser; (5) the resistance is

20 independent of the speed of motion; (6) there is no

force applied by the equipment to a user in the

absence of an attempt to move and the force is only

a force of reaction; and (7) it can function as a

component in virtual reality, muscle stimulation and

biofeedback equipment.
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¢ SUMMARY OF THE DRAWINGS
The above noted and otl"xer features of the
invention will be better understood from the
5 following detailed description when considered with
reference to the accompanying drawings, in which:
FIG. 1 is a fragmentary perspective view of an
exercise assembly mounted to the thigh and leqg of a
person on a brace in accordance with an embodiment
10 of the invention:
FIG. 2 is a perspective view, partly exploded,
of the exercise assembly of FIG. 1 mounted to a

brace;

FIG. 3 1is a fragmentary, exploded, perspéctive

view of an embodiment of exercise assembly using

15 |
friction disks to resist movement in acbordaﬁce with
an embodiment of the invention:
FIG. 4 is a simplified fragmentary perspective
view of a portion of an exercise assembly including
2 an alternative embodiment to the friction disks used

in the embodiment of FIG. 3;
- FIG. 5 is a simplified fragmentary partly-
sectioned elevational view of another embodiment of

exercise assembly;
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FIG. 6 is an exploded perspective view of the

embodiment of FIG. 5;

FIG. 7 is a sectional view of the portion of

the embodiment of FIG. 5 taken through the lines 7-7
5 of FIG. 6;

FIG. 8 is a fractional, plan view of a control
module and fasteners for attacment of the control
module to a braée in accordance with an embodiment
of the invention;

10 FIG. 9 1is an end view partly-sectioned of the
fastener and brace of FIG. 8;

FIG. 10 is a fragmentary elevational view
partly broken away of still another embodiment of
the iﬁvention:

15 | FIG. 11 is an exploded perspective view of the
embodiment of FIG. 10;

FIG. 12 is a perspective view of a portion of
the emobodiment of FIGS. 10 and 11 looking in the
direétion of lines 12-12 of~FIG; 11;~ .

FIG. 13 is a perspective view of still another

20
portion of the embodiments of FIGS. 10 and 11

looking in the direction of lines 13-13 of FIG. 11;
FIG. 14 is a perspective view of still another

portion of the embodiments of FIGS. 10 and 11

looking in the direction of lines 14-14 in FIG. 11

®
4
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FIG. 15 1is an elevational view, partly
exploded, of still another embodiment of the
invention;

FIG. 16 is an exploded perspective view of the
embodiment of FIG. 15, partly broken away and
sectioned;

FIG. 17 1i1s a plan view of a portion of the
enmbodiment of FIG.'16;

FIG. 18 1is a side view of the portion of the
embodiments af FIGS. 15 and 16, shown in the plan

view of FIG. 17;

the embobidment of FIGS. 15 and 16;

FIG. 20 1s a side view of the portion of the
embodiment of FIGS. 15 and 16 shown in FIG. 19

FIG. 21 is a plan view of another portion of
the embodiments of FIGS. 15 and 16;.

FIG. 22 1s a side view of the portion of the
embodiments of FIGS. 15 aﬁd 16 shown in FIG. 21;

'FIG. 23 is a plan view of still another portion
of the embodiments of FIGS. 15 and 16;

FIG. 24 is a side view of a portion of the
embodiments of FIGS. 15 and 16 shown in FIG. 23;

FIG. 25 1s a plan view of still another portion

of the embodiments of FIGS. 15 and 16;
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FIG. 26 is a side view of a portion of the
embodiments of FIGS. 15 and 16 shown in FIG. 25;

FIG. .27 is a fragmentary sectional view of a
portion of the embodiment of FIGS. 15 and 16;

FIG. 28 is a partly exploded sectional view of
still another embodiment of the invention;

FIG. 29 is an exploded perspective view of the

embodiment of FIG. 28;

FIG. 30 is a plan view of a program disk used

in the embodiment of FIG. 28;

FIG. 31 is a side view of the program disk of
FIG. 30; '

FIG. 32 is a plan view of a lifter plate that
is part of the embodiment of FIG. 28:; |

FIG. 33 1is a side view of the iifter plate of
FIG. 32;

FiG. 34 is a plan view of a lifter plate base

of that used in the embodiment of FIG. 28;

FIG. 35 is a side view of the lifter plate of
FIG. 34;

FIG. 36 1s a sectional view of a portion of the

plate of FIG. 34;

FIG. 37 is a rear elevational side view of the

housing portion of the embodement of FIG. 28;
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FIG. 38 is a right elevational side view of a
housing of FIG. 37;

FIG. 39 is a plan view of the roller reader
plate of the embodiment of FIG. 28;

FIG. 40 is a side view of the plate of FIG. 38;

FIG. 41 1is a side view of an adjustment nut
used in the embodiment of FIG. 28;

FIG. 42 1is a plan view of an adjustment nut
of FIG. 41;

FIG. 43 1is a sectional view of bolts used in
the embodiment of FIG. 28;

FIG. 44 1s a rear elevational side view of a
housing that is used in the embodiment of FIG. 28;

FIG. 45 is a right elevational side view of the
housing'of FIG. 44;

FIG. 46 1s a fragmentary simplified perspective
view of an embodiment of brace which includes an
addition to the previous embodiment of FIGS. 1-45;

. FIG. 47 'is a side view of a portion of the
embodiment of FIG. 46; |

FIG. 48 1s a top view of a portion of the
embddiment of FIG. 47;

FIG. 49 is a sectional view through lines 49-49

of FIG. 48;
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FIG. 50 is a top view of a portion of the
embodiment of FIG. 48;
FIG. 51 is a sectional view through lines 51-51
of FIG. 50.
5 FIG. 52 is a fragmentary exploded perspective
view of still another embodiment of the invention;
FIG. 53 is a perspective view of a portion of
the embodiment of FIG. 50;
FIG. 54 is a block diagram of a control system
10 usable in the embodiment of FIG. 52;
FIG. 55 is a block diagram of a portion of the
embodiment-of FIG. 54;
FIG. 56 is a side view of another embodiment of
lever arm;

FIG. 57 is a partly exploded end view of the

15
embodiment of FIG. 56;
FIG. 58 is a side view of another 1lever that
cooperates with the 1lever of FIG. 56; and
FIG. 59-is perépéctive view of thé lever arm of
’0 FIG. 58 looking in fhe directi:on of lines 59-59 in

FIG. 58;

FIG. 60 is a plan view of the lever arm of FIG.
56;

FIG. 61 is a plan view of the lever arm of FIG.

58 ;
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FIG. 62 is a side view of a movable portion of
the handle clamp of FIG. 56;

FIG. 63 1is a side view of the portion of the
handle clamp of FIG. 62 taken in the direction of

5 lines 63-63;

FIG. 64 is a side view of a movable portion of
the handle clamp of FIG. 58;

f‘IG. 65 1s a side view of the portion of handle
clamp of FIG. 64 taken through lines 65-65;

10 FIG. 66 1s perspective view of another
embodiment of the invention illustrating the use of
the invention on an elbow:;

FIG. 67 1s an elevational view of a ski boot

designed in accordance with an embodiment of the
15 invention;

FIG. 68 1s an elevational view of another
embodiment of s:.ki boot designed in accordance with
an embodiment of the invention; and

FfG. 69 is an elevational view of still another
embodiment of ski boot designed in accordance with

20
the invention.

" FIG. 70 is a schematic, partly broken away

elevational view of a multiple plane exercise

device;
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FIG. 71 is an elevational sectional view of a
housing for a program unit forming a portion of the
exercise device of FIG. 70;

FIG. 72 is an end end view o©of the housing of

5 FIG. 71;

FIG. 73 is an elevational view of a portion of
the control module used 1in the embodiment of
exercisé device of FIG. 50;

FIG. 74 is an end view of a portion of the

10 housing of the control module of FIG. 73;

FIG. 75 is a simplified end view of - a portion
of the exercise device of FIG. 70 in an open
receiving postion of a limp of an exerciser;

FIG. 76 is a fragmentary elevational view of an

15 exerciser hssembly using the multiple plane control
unit of FIG. 73;

FIG. 77 is a schematic side view of still
another embodiment of exercise device;

FIG. "}8 is a front élevational view of the
20 embodiment of exercise device of FIG. 77;

FIG. 79 is a simplified sectioned side Qiew of
an embodiment of a single plane control module;

FIG. 80 is an end view of the control module of

FIG. 79;



10

15

20

@ o 9501769 271669 17 PCT/US94/07768

23

FIG. 81 is still another embodiment of exercise
device using the control module of FIGS. 79 and 80;

FIG. 82 1is a front view of the exercise device
of FIG. 81;

FIG. 83 1is a top view of a set of exercise
devices of the type illustrated in FIGS. 81-82;

FIG. 84 is a perspective view of a knee brace
showin;; an electrically controlable module for
varylng the resistance to movement of the leg with
respect to the thigh;

FIG. 85 . 1is a simplified, exploded perspective
view of a portion of the control module of FIG. 84;

FIG. 86 1is a perspective view of another
portion‘of the module of FIG. 84;

FIG. 87 1is a perspective view of an execise
aparét.us adapted for use in a wheel chair;

FIG. 88 is a perspective view of binding
utilizing a controlled resistence support for use on
SNow boardé;

FIG. 89 1s a perspective view of a type of
exercise apparatus;

- FIG. 90 is a fragmentary exploded perspective

view of a tibia support useful in an embodiment of

the invention;
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FIG. 91 is an elevational view of a portion of
the tibia support FIG. 90;

FIG. 92 is an elevational view of another
portion of the tibia support of FIG. 90;

5 FIG. 93 is an elevational view of still another
portion of the tibia support of FIG. 90;

FIG. 94 is an elevational view of still another
portion of the tibia support of FIG. 90;
FIG. 95 is an elevational view of still another

10 portion of the tibia support of FIG. 90;

FIG. 96 is an elevational view of still another
portion of the tibia support of FIG. 90;

FIG. 97 is a plan view of still another portion
of the tibia support of FIG. 90;

15 FIG. 98 is a fragmentary elevational vie& of a
portion of a control module shown attached to a
brace illustrating the manner of attachment;

FIG. 99 1is block diagram of a mnicroprocessor

controlled system useful in an embodiment of the

invention;
20
FIG. 100 is a flow diagram useful in practicing
the invention;
FIG. 101 1is another flow diagram useful in

practicing the invention;
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FIG. 102 1is still another flow diagram useful
in practicing the invention;

FIG. 103 1is still another flow diagram useful
in practicing the invention;

FIG. 104 is still another flow diagram useful
in practicing the invention;

FIG. 105 1is a perspective view showing another
embodiment of the invention; and

FIG. 106 1s a diagramatic sketch showing
possible placement of electrodes for use in an

embodiment of the invention.

DETAILED DESCRIPTION

In FIG. 1, there is shown a fragmentéry,
perspective, partly-exploded view of an exercise
assembly 10 mounted to a limb 12. The exercise
assembly 10 includes a limb brace portion 14 and
first and second exercise modules 16A and 16R , one
on each side of the limb brace portion 14 (only 16A
being shown in FIG. 1). In the preferred
embodiment, the limb brace 14 is a standard brace
that is not a part of the invention by itself except

insofar as it cooperates with one or more removable

‘exercise modules such as the exercise modules 16A

and 16B.
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The removable exercise modules 16A and 16B

mount to the limb brace portion 14 which in this
embodiment is a leg and thigh brace to control the
resistance needed by 1limb 12 to move the brace
5 portion 14 for limited movement about a knee. 1In
the preferred embodiment, the resistance to movement
is provided by frictional resistance.

The limb brace 14 1includes a first support
means 20, a second support means 22 and two pivotal
10 joints 24A and 24B (Only 24A 1is shown in FIG. 1),
with the first support means being fastened to the
thigh and the second support means being fastened to
the leg of a person. Each of two sides (splints) of
the first suppo?t means 1is connected to a
15 corresponding one of the two sides of the second
support means by a different one of the two pivotal
joints 24A and 24B so as to be capable of limited

- movement under the control of the knee muscles.
The éxercise module 16A includes a control
20 assembly 30A, a first lever assembly 32A‘ and a
second lever assembly 34A. The first and second
lever assemblies 32A and 34A are fastened to the
control assembly 30A on opposite sides thereof with

the first lever assembly 32A being adapted to be

fastened to the first support means 20 to move with
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the thigh of the person and the second lever
assembly being adapted to be fastened to the second
support means 22 to move with the leg of the person.
Because the exercise modules 16A and 16B are
essentially identical and the lever assemblies 32A
and 34A are essentially identical, only the
exercise module 16A and only the assembly 34A will
be described heréin.

The assembly 34A includes a first; affixed
member 33A, a second snap-on member 35A, a first
fastener 37A and a second fastener 39A. The affixed
member 33A is permanently attached to a portion of
the control module 30A and has an open portion
adapted to receive a splint member of the lower
support means 22 within a groove therein and the
second sriap-on portion 35A fits over the opposite

side of the splint member with the fasteners 37A and

- 39A passing through both member 33A and 35A to hold

them together.

With this arrangement, the affixed members of
the first and second lever assemblies may slide over
corresponding portions of different ones of the
support means 20 and 22 with the control module 30A
overlying the joint 24A. The snap-on portion such

as 35A and 1its corresponding part on the lever at
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32A may then be slipped over the opposite side and
fastened by fasteners such as 37A and 39A to the
affixed member 33A to hold the lever arms with
corresponding portions of the support members 20 and
22. The fasteners 37A and 39A may be bolts, screws,
snap-on pins or any other suitable fastener.

The control assenbly 30A 1includes force
resistance members, such as for example friction
disks, not shown in FIG. 1, and a calibration dial
41 in the embodiment of FIG. 1 which is setable to
different amounts of resistance. = The lever
assemblies 32A and 34A are fastened to different
moving parts of the control assembly 30A and are

movable with respect to each other only with the

programmed amount of force so that the exercise

module 16.A can control the force .against which the
knee is articulated by'the patient.

With this arrangement, the control assembly 30A
controls the moverﬁent of the first and second lévér
assemblies which in turn control the amount of force
required for the knee muscles of a person to move
the leg with respect to the thigh. The two control
modules 16A and 16B can be easily snapped into place
on the brace and the patient 1s able to exercise by

following a convenient schedule. The amount of
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resistance in the control module can be set by the
attending doctor into the control module in a manner
to be described hereinafter.

In FIG. 2, there is shown a perspective view of
the exercise assembly 10 with the limb brace portion
and removable exercise modules 16A and 168. exploded
away to show a right leg brace having first and
second pivotal joints 24A and 24B éubstantially
parallel to each other and adapted to be positioned
on opposite sides of a knee, each of which
cooperates with a corresponding one of the exercise
modules 16A and 16B. The pivot joints 24A and 24B
each connect a different one of _two parallel thigh
splint members 26A and 26B to a c‘orresponding pair
of leg splint membefs 28A and 28B.

On the outside pivot point 24a, the control
module 30A overlies the joint, the first lever
assembly 32A is fastened for movement with the thigh
splint member 26A aﬁd the second lever aséembly 34A
is snapped onto the leg splint member 28A. The
splint members are connected together by a soft
framework and straps that are buckledq tightly about
the leg so that the splint members move respectively

with the thigh and the leg bones. The pivot points

include a positionable perforated plate 27A (not
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shown in FIG. 2 that can be positioned with respect
to a base having pins such as 29A (not being shown
in FIG. 2) located in it to set the maximum range of
movement of the brace both in extension and flexion.
5 The brace itself is intended in normal use to
control movement of the thigh to protect <the
anterior cruciate 1ligament against excessive
rotation or extention. Periodically, the exercise
assembly may be snapped in place and the muscle
10 therapeutically exercised in accordance with a
controlled program. The program is established by
the physician or physical therapist, but the
exercise program may be performed easlly by the
patiént several times a day in accordance with a

15 prescribed plan. The amount of friction may be

adjusted to differ with extension and flexion of the

leg and a force profile may be ’programmed into the

device ibn some embodiments to conform to the desired

required force for exercise. The pr.ogram and

20 friction, of course are set td be the same in the
two exercise modules 16A and 16B.

" As shown in FIG. 2, the affixed member, such as

33A, of the lever 34A has a large opening to receive

the splint members of many different models of knee

brace loosely. To provide a tight fit, the snap-on
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members 35A are made of different sizes and fit
* internally to the upper and lower portions of the
affixed members, thus enabling a plastic support
member to fill in the loose space and enable a

5 standard exercise module to be used with a number of

different braces.

-In use, the control module 30A may be set to

provide a programmed amount of resistance between

the two 1lever arms 32A and 34A to provide a

10 programmed amount of resistive force to movement
during exercising. To select the programmed
resistance, the control module 30A includes a
direction-sensitive resistance-mode selector means

which selects one resistance program when the first

15 and second levers are moved together such as by the
bending of the knee and another resistance program

when the leg is extended causing the levers to move

in the  other direction. In the breferred

embodiment, a direction-sensitive resistance-mode

20 selector selects one resistive friction program
when the 1levers move in one direction and a
- different resistive friction program when the levers

move in the opposite direction.
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to each other. The force on the opposite sides of
the brace are equalized by the belts on the brace
itself. However in other embodiments, the two
modules may be connected by a rigid member or the
5 brace may include a rigid member to connect the two
sides together to prevent unequal force on the two
sides of the limb that may cause harmful torsion and
provide a tibia support belt described hereinafter.
Ssuch a rigid member 1is arranged to snap‘ into
10 openings on the lever assembly 34A and 34B.
Multiple connectors may be used 1is needed and
connection may be made to the lever arms 32A and 32B
or to the brace itself.
In FIG. 3, there is shown one embodiment of
15 - control module 30A connected to lever assemblies 32A
and 34A. This module is patterned after a hand
exerciser with certain modifications. The hand
exerciser is disclosed in U.S. patent 4,869,492, the
disclosure of which 1is incotporated herein by
20 reference.
This exerciser includes means for fastening the
lever assemblies to a 1limb brace to control
resistance to bending of the braced limb about a

joint in the manner described 1in connection with

FIGS. 1 and 2. The means for controlling resistance
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is removably attachable to a standard brace and may
be a mechanism that releases for free movement in
one direction but can only move with resistance
against force in the other direction or may provide
controlled resistance or force in either or both
directions. Generally, 1limits are provided to
motion. The limb joint may be a unicentered brace
known in the ar't or a multicentered brace, but if it
is a multicentered brace, the pivot point of the
exercise module must be multicentered. Any of the
known mechanisms to establish multicentered pivot
points may be used.

In the embodiment of FIG. 3, the control module
30A includes a one way mechanism or ratchet
xt;echanism which may offer substantially no
resistance in one direction of movement of the joint
but engages force members such as friction members
in the other direction to provide controlled
resistance. | While friction members are used to
resist force in the embodiment of FIc. .. 3, other
motion resistance devices can be used such a
springs, stretchable members or pneumatic cylinders
or the like. Preferably, control over the amount of
force is provided by friction members and pressure

members that work together to provide frictional
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force against movement. The use of friction members
is preferred because of the ease of adjusting the
force resisting motion by adjusting pressure between
friction surfaces.

In this embodiment, a single-plane single-
directional constant range of motion preprogrammed
velocity-independent resistance is provided. Using
a one way clutch or ratchet mechanism, this
embodiment can create preset resistance to movement
in one of two possible directions, while eliminating
all resistance in the reverse of the direction with
the programmed resistance. The overall resistance

is variable and preset prior to usage, and remains

as preset, unaffected by velocity of movement,

through the entire range of motion, in the one of

the two directions chosen. No resistance 1is
generated 1f there is no ‘movement or ati;.empt to
move. The relative small size of the system allows
for resistance to be épplied across the joint
through a coﬁventional bracing system.

Unlike isotonic resistance systems, this
embodiment produces resistance that is immediately
eliminated as movement stops, creating a safer
exercising system; and although 1isokinetic systems

provide this same safeguard because they are
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accomodating resistance machines that use a variable
torque motor or hydraulic/air pressure, the velocity
of movement affects the amount of resistance applied
to the user, unlike this embodiment in which
velocity of movement has no effect on the preset
resistance. To the patient, this means he or she
does not have to accomodate pain or weakness by
slowing down a prescribed workout, since sloi-:ing
down velocity of movement to reduce resistance to
the weakest parts of the range of motion may
actually decrease efficacy of the program
specifically .designed to strengthen these weakest
parts.

Moreover, resistance produced by this device
can be isolated to one direction at a time; In the
clinical setting, this now allows a patient
recoveriﬁg from a. knee ligament injury to exercise
earlier, because he can now exercise safely and
properly during flexion 'moveme.nts only,' (which may
be safe 2-3 weeks after surgery) and not extension

movements (which 1s may not be safe until €6 weeks

after surgery).
Another advantage of this device is it’s
relative small size. With the addition of a

fastening attachment, this allows the fijirst
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opportunity for the clinician to apply resistance

across a joint through conventional bracing. This
allows the clinician to educate and facilitate the
patient on safe patterns of appropriate resistance
in their own home, and outside of the medical
community. Applying resistance in this manner also
provides development of neuromuscular coordination
and the antagonistic and assistance muscles, this is
because it is applied to the patient in a closed
kinetic chain activity (resistance device is
attached to the patient) versus an open Kkinetic

chain activity (resistance device is attached to the

floor).

In the embodiment of FIG.- 3, the control module
30A - includes -a ratchet assembly 13'0, a first
fric'tion assemblf 132, a second friction "assembly
134, and a pressure adjustment assembly 136. The
ratchet assembly 130 and the first and second
friction 'units“ 132 and 134 resist movement of the
limb in one direction and the ratchet assembly
allows rotation with virtually no resistance to
movement of the limb in the opposite direction.

For this purpose, the friction units 132 and
134 include four metal surfaces that squeeze two

friction disks, two of the metal surfaces moving
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with one handle and two moving with the other
handle. Each of the two friction disks is
sandwiched between a different pair of metal
surfaces, with one metal disk of each pair of metal
disks forming a sandwich with a friction disk moving
with one handle and the other metal disk moving with
the other handle. These metal disks are four metal
washers in the embodiment of FIG. 3 but could be two

washers and the'surfaces of a portion of the handles

34A.

To permit easy motion in one direction ‘of the
first and second lever assemblies 32A and 34A, the
ratchet assembly 130 includes a ratchet wheel 142,
an' axle 144, and the molded pawl 107 within the
opening 101.. "I'he‘ axle 144 has a threaded portion
150 on one end and the other end has the ratchet
wheel 142. A cylindrical boss 147 and square
locking boss 145 ‘ar.:e held thereon by a set screw
152. Collar 148 fits over the cylindrical boss 147.
Pawl 107 is permanently mount.ed within the hole 101
where it extends into ratchet hole 103 in contact
with ratchet wheel 142 so that the axle 144 is
rotatable freely in one direction inside the ratchet
hole 103 but not in the other, thus permitting the

friction disk 164 to move freely in one direction
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but not the other. A pin 109 holds the pawl 107 in

place.
To provide an adjustable amount of friction
resisting the movement of the two lever assemblies
5 in one direction while releasing them for movement
in the opposite direction, the first friction
assembly 132 includes first and second metal washers
160 and 162 on either side of a leather friction
disk 164. The metal washer 160, leather friction
10 disk 164 and metal washer 162 are annular in shape.
Metal washer 162 has a central square aperture
aligned with a central cylindrical aperture of the
leather friction disk 164 and with the central
cylindrical aperture 140 on the second handle

‘assembly 34A.

1
5 The shaft 144 qf the ratchet_ assembly 130 1is
positioned to pass through all of the apertures and
includes: (1)'a square boss 145 that conforms to the
square aperture in the washer 162 of the first
- fric{:ion assembly 132 so that metai washer 162 turns

with the shaft 144 and lies against one side of the
central friction disk; and (2) a flattened portion
151 on the end of the shaft that engages flat sides
in the washer 172 of the second friction assembly

134 so that the washer 172 turns with the shaft 144.
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The washers 160 and 170 on the other sides of the
friction disks 164 and 174 turn with the handle
portion 34A. With this arrangement, the first and
second friction units 132 and 134 are adapted ¢to
5 require a controlled force to move first and second
levers 32A and 34A with respect to each other.

To adjust the pressure and thus the frictional
force against which the first and second 1lever
assemblies 32A and 34A are pulled together, the

10 pressure adjusting section 136 includes engd member
176 having an internal tapped hole aligned to be
threaded on the threaded portion 150 of tﬁe axle 144'
and thus, control the pressure of the first and

second friction units 132 and 134 against the

friction surfaces of the second handle assembly 34A

" and the cent;:'al friction disks 164 ang 174. An
aperture 180 is provided through which a shaft may
be inserted for tightening. With this arrangement,
the pressure may be easily adjusted and released by
a user.

20

I1f the ratchet assembly were not included so
the shaft 144 turns with the 1lever aséembly 32A 1in
both directions, there would be resistance in both
- directions. Moreover, positive or negative force

can be provided by external springs rather than by
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friction disks by substituting springs for the
friction disks as shown in FIG. 4.

As best shown in FIG. 4, the washers 162A and
160A are substantially identical to the washers 162
and 160 in FIG. 3 and may be mounted to the shaft
144 in the same manner. However, instead of having
the friction disk 164 between them, there is mounted
to one side of the cdisk 162 by a pivot pin 163 a
cylinder 161 having within it a compression spring
adapted to mount to a piston 167. The piston rod is
mounted to a side of the washer 160A facing the
corresponding side of the washer 162A by pivot pin
169 and it fits within the c¢ylinder 161 so that

compression force is exerted circumferentially

‘between the disks 162A and 164A resisting movement.

With this arrangement, the piston may
substitute for the friction disk used in the
embodiment of FIG. 3 to provide a predetermined
resiétance to mdvemént. The .location of the piston
may be selected to provide such force in .éither
direction with respect to the two washers and the

piston may be used with other force resisting

devices and with other pistons of the same type.
Similarly, the cylinder 161 may be pneumatic so as

to provide drag against the withdrawal of the piston
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against the escape of air pressure and thus provide
an effect similar to the friction disk. Ssimilarly, a
torsional spring may be used instead of friction
disk 164. There are other equivalent mechanisms
that may be utilized as a substitute for a friction
disk to provide resistance to movement or, in some
cases, to provide a positive force urging movement
in one direction or another or counteracting normal
initial and friction resistance of the control
module and brace. |
In FIG. 5, there 1is shown a fragmentary,
elevational, partly-sectioned side view of another
embodiment 16C of removable exercise module having a
control module 30C and the first and second lever
assemblies 32C and 34C connected to the control
module. As shown in this v.iew, the control module
30C includes an upper section 40C connected to the
first lever assenbly 32C, a lower section 42¢C
connecﬁed to the second lever‘ assembly 34C and a

connecting section 44C which connects the upper or

outer section to the lower section.

The upper and lower sections 40C and 42C of the
control module 30C control the friction between the
first and second lever assemblies 32C and 34C in

Cooperation with the connecting section 44C so that
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friction between the first and second lever

assemblies as they move with respect to each other

may be varied depending on the direction of motion

and the location of the two lever assemblies with
5 respect to each other.

The first lever assembly 32C includes a first
arm 50C, adapted to be connected to a first clamp
assembly and the second lever assembly 34C 1includes
a second arm 54C adapted to be connected to a second

10 clamp assembly. For example, the first clamp
assembly is able to be conveniently and quickly
fastened to a thigh splinf for movement therewith
and the second clamp assembly is adapted to be
quickly and easily fastened to a leqg splint for

- movement therewith as explained in connection with

15
FIGS. 1 and 2. With this arrangement, the control
module and first and éecond levef assemblies may be
quickly snapped in place to a knee brace being worn
by a patient so that the patient may exeréise in
- place conveniently and then remove the removable

exercise assembly while keeping the knee brace in
place for normal support.

The engagement ramp base driving members 66C
and 64C and the engagement ramp driven members 71C

and 73C contain ramps that thrust outwardly or
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recide inwardly. Depending on the direction of
rotation, these members engage or disengage
resistance. In the embodiment of FIG. 5, one lever
arm is fastened for rotation with the bolt or shaft
74C in either one of the upper or lower sections and
in the opposite section, the lever is not mounted
for rotation with the shaft 74cC.

With this arréngement , both of the friction
disks provide friction in one of extension or
flexion, whichever is choosen, and then eliminate
friction in the opposite of the choosen direction.
When an overall friction setting is engaged by
moving in that choosen direction, a program disk
such as disk 90C in conjunction with a program
reader disk 80C, .varies the overall resistance
throﬁgh the range of motion. .

The control module 30C is adapted to utilize
programmed friction disks such as 90C which offer
-different range. of motlon programs of re31stance to
movement depending on the location of the lever arms
50C and 54C with respect to each other. Generally
in this specification, movement in a direction
forming a more acute angle between the lever arms is

referred to as flexion and movement in a direction
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forming a more obtuse angle 1is referred to as
extension.

To provide resistance to motion in each of two

directions with the resistances differing from each

5 other in accordance with the direction of motion,

the upper section includes a first annular friction

element 60C, the lower section includes a second

annular friction e’lement 62C, the upper section

includes a first locking plate 65C, which moves with

10 but 1is not attached to shaft 74C, and the lower

section_ includes a 1locking plate 67C which moves

with , but is not attaéhed to shaft 74C. Between the

handles 50C and 54C is a program reader 80C having

first., second and third reader rollers 82C, 84C and

- 86C forming a circular path and matching with a

- 15
program disk 90C containing a similar number of
raised slanted or curved rafné surfaces 91C, 93C and
95C upon which the rollers move. The program disks
and program reader are mounted fespectively to ‘the
20 lower and upper sections by thz;eaded studs such as

those shown at 92C, 94C, 96C and 98C.

To hold the upper and lower sections together,
the connecting section 44C 1includes a central shaft
74C threaded at one end to receive a bottom bolt

head 77C and an arm attached to the top plate 70C
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which allows the upper section 40C and lower section
42C to compress together. A gauge in the nut may be
utilized to establish the pressure with which
sections are held together and that pressure will
determine the frictional force necessary to move the

first and second lever assemblies with respect to

each other.

With <this arra-ngement, when the first and
Second lever assemblies are moved to form a more and
more acute angle, the program readers such as 82C,
84C and 88 are moved up the sides of the program
reader ramps 95C, 91C and 93C on the lifter plate
90C to vary resistance through the range of motion
when friction engaged.

In FIG. 6, there 1is shown an- exploaed.

prospective view of the control module 30C showing

the generally cylindrical uppér and lower sections
40C and 42C respectively with the upper lever arm
50C being in the uppér section 40C -and the lower
level arm 54C being in the lower section 42C so as
to permit flexion and extension of the leg or other
body part to move the lever arms with respect to
each other. The threaded bolt 74C passes through a

central opening extending through each of the units

40C and 42cC.
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As beét shown in this view, the program ramps
91C, 93C and 95C cooperate with rollers (not shown
in FIG. 6) on the other underside of the plate 88 to
vary the range of resistance in the direction

5 engaged.

Generally, the friction elements 60C and 62C
are shaped as washers and made of polyurethane or an
equivalent material but may take any 'other form.
The friction disk 60C 1is squeezed between the

10 locking plate 65C and the engagement ramp thruster
71C and the friction disk 62C is squeezed between

the locking piate 67C and engagement ramp thruster

73C.
In FIG. 7, a sectiona;l. view 1is showr; taken
15 | through line 7-7 of FIG. 6 to illustrate the nature
of the prdgram readefs (rollers) 62C, 64C and 66C
shoﬁing their radial brientation to engage the range
of motion res<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>