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(57) ABSTRACT 

An exercise system for exercising at least one limb, such as 
the legs, of a subject With spinal cord injury or de?ciency. The 
system comprises an exercise bicycle having a crank and 
pedals to Which the feet of the subject can be mounted, and a 
functional electrical stimulation (FES) system. The FES sys 
tem stimulates the muscles of the legs and includes a trans 
ducer mountable to at least one of the legs of the subject that 
outputs signals representative of the position and/or move 
ment of the leg When performing the exercise. The FES sys 
tem further includes a control means that receives and pro 
cesses the signals output by the transducer and outputs 
control signals to a stimulator that through electrodes pro 
vides electrical stimulation to the legs of the subject so as to 
cause the legs to drive the crank of the bicycle. 
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EXERCISE APPARATUS FOR A PERSON 
WITH MUSCULAR DEFICIENCY 

DESCRIPTION OF THE INVENTION 

[0001] This application is a divisional of US. patent appli 
cation Ser. No. 10/344,636, ?led Jul. 11, 2003, all ofWhich is 
incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a functional electri 
cal stimulation (FES) system and method of using such a 
system. More particularly, the invention relates to a device 
and method for reducing or preventing muscle Wastage in 
persons With spinal cord injury or de?ciency. 

BACKGROUND OF THE INVENTION 

[0003] Functional electrical stimulation (FES) systems 
have been developed using electronic body Worn equipment 
Which generates and delivers electrical impulses to the body 
to control muscle movement. 

[0004] Functional electrical stimulation (FES) systems are 
seen to have particular future application in providing persons 
suffering from spinal cord injury or de?ciency, such as 
paraplegia, With a capacity to make controlled movements of 
their dysfunctional limbs. 
[0005] Functional electrical stimulation systems use elec 
tronics to generate electrical impulses. These impulses are 
then delivered to the nerves or muscles of a subject via elec 
trodes to stimulate movement of the muscles that are other 
Wise dysfunctional. In order for useful and controlled move 
ments of limbs to be achieved several muscles must usually be 
operated in concert. This is normally achieved by an algo 
rithm executed under the control of the FES system to deliver 
a pattern or sequence of stimulation impulses. 
[0006] In implanted FES systems, the electrical impulses 
are transmitted from implanted stimulator units via electri 
cally conducting leads to strategically positioned electrodes 
that deliver the electrical impulses directly to the nerves or 
muscles. The electrodes are typically positioned remote from 
the implanted stimulator unit and proximal to the nerves that 
direct movement of the associated limbs. 
[0007] A common problem associated With a person losing 
controlled movement of their limbs is that the muscles that 
Were previously routinely exercised are no longer functional 
and as such the muscles Waste due to lack of exercise. In order 
to address the problem of muscle Wastage, a number of exer 
cise machines have been proposed Which provide appropriate 
exercise to the muscles to prevent muscle Wastage. Such 
machines are, hoWever, typically designed speci?cally for 
such use and as a result the machines are generally expensive 
and cannot easily be adapted for use With alternative FES 
systems, such as implanted systems as opposed to surface 
stimulation systems. Also, exercising on a stationary bicycle 
is a typical critical step in adapting a person to the use of FES 
systems and as such easy access to such devices is highly 
desirable. 
[0008] Existing exercise bicycles and tricycles for use by 
paraplegics and the like essentially utiliZe sensors on the 
bicycle or tricycle itself, such as on the pedal crank, to initiate 
muscle stimulation. For example, US. Pat. No. 4,421,336 to 
Petrofsky describes a tricycle having a pedal position sensor 
mounted on the tricycle that senses the position of the pedal 
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Which then leads to the generation of stimulation signals 
applied to the legs of the subject. 
[0009] Such systems use a computer to ascertain the posi 
tion of the pedal and from this position the computer selects 
the muscles to be stimulated to continue the pedaling motion. 
The intensity of the stimulus is essentially dictated by the 
pedaling rate of the subject and the computer detects this rate 
by measuring the change in pedal position over a ?xed unit of 
time. Unfortunately, such systems are complex and require 
the exercise bicycle to be dedicated to the speci?c purpose of 
providing stimulation to the invalid subject. Existing devices 
are not easily modi?ed and it is not possible for a common 
exercise bicycle to be adapted to alloW the subject to exercise 
in the absence of a dedicated machine. Further, existing 
machines rely upon the input from the bicycle to dictate 
Which muscles are to be stimulated and at What intensity, 
thereby removing ultimate control of the movement from the 
subject. 
[0010] Any discussion of documents, acts, materials, 
devices, articles or the like Which has been included in the 
present speci?cation is solely for the purpose of providing a 
context for the present invention. It is not to be taken as an 
admission that any or all of these matters form part of the prior 
art base or Were common general knoWledge in the ?eld 
relevant to the present invention before the priority date of 
each claim of this application. 

SUMMARY OF THE INVENTION 

[0011] In accordance With the invention, Throughout this 
speci?cation the Word “comprise”, or variations such as 
“comprises” or “comprising”, Will be understood to imply the 
inclusion of a stated element, integer or step, or group of 
elements, integers or steps, but not the exclusion of any other 
element, integer or step, or group of elements, integers or 
steps. 
[0012] The present invention provides a means for exercis 
ing the muscles, such as the muscles of the legs, of a subject 
using function electrical stimulation (FES). 
[0013] According to a ?rst aspect, the present invention is a 
functional electrical stimulation system for exercising the 
limbs of a subject, the system comprising: 
[0014] limb monitoring means having at least one sensor 
mountable to at least one limb of the subject that outputs 
signals representative of the position and/or movement of 
said at least one limb during exercise; and 
[0015] a control means that receives and processes the sig 
nals output by the monitoring means and outputs control 
signals to a stimulating means adapted to provide electrical 
stimulation to said at least one limb in response to the position 
and/or movement of said at least one limb detected by the 
monitoring means; 
[0016] Wherein the control means has a storage means hav 
ing at least one predetermined action sequence storable 
therein such that on receipt of signals from the monitoring 
means, said at least one predetermined action sequence is 
provided to the stimulating means. 
[0017] According to a further aspect, the present invention 
is a functional electrical stimulation system for exercising the 
legs of a subject by causing the legs to move in a pedaling 
motion to cause rotation of a rotatable means of an exercise 

means, the system comprising: 
[0018] leg monitoring means having at least one sensor 
mountable to at least one of the legs of the subject that outputs 
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signals representative of the position and/or movement of 
said at least one leg during the pedaling motion; 
[0019] a control means that receives and processes the sig 
nals output by the monitoring means and, during the exercise, 
outputs control signals to a stimulating means adapted to 
provide electrical stimulation to the legs of the subject to 
cause them to move in the pedaling motion in response to the 
position and/ or movement of said at least one leg detected by 
the monitoring means. 
[0020] In the second aspect, the control means can have a 
storage means having at least one predetermined action 
sequence storable therein. 
[0021] In a further embodiment, tWo or more predeter 
mined action sequences are storable in the storage means and 
further Wherein the system includes a selector means that 
alloWs selection of one of the sequences depending on the 
type of exercise being provided to the limb of the subject. One 
of the predetermined action sequences can be adapted to 
stimulate said at least one limb to cause rotation of a rotatable 

means. In another embodiment, one of the predetermined 
action sequences can be adapted to stimulate the limb to 
manipulate an exercise means selected from the group com 
prising a Walking machine, a stepper machine, or a roWing 
machine. Other suitable exercise devices can be envisaged. 
[0022] In a preferred embodiment, the rotatable means is a 
pedal and crank arrangement of an exercise means, such as an 
exercise bicycle or tricycle. The exercise means can have at 
least one Wheel driven by the rotation of the rotatable means. 
Alternatively, the crank can bear against a friction plate or 
brake to provide a degree of resistance to the pedaling motion. 
The friction plate can be adjustable so as alloW the subject or 
a third party to increase or decrease the degree of friction 
against the crank. 
[0023] In one embodiment, the monitoring means can mea 
sure the angle of a portion of said at least one limb relative to 
another portion of this limb. Still further, the monitoring 
means can measure the angle of a portion of said at least one 
limb relative to another portion of the subj ect’s body. Yet still 
further, the monitoring means can measure the angle of a 
portion of said at least one limb relative to a notional prede 
termined reference plane. In this embodiment, the reference 
plane can be a horiZontal plane. Other reference planes, 
including a notional vertical plane can also be envisaged. 
[0024] In one embodiment, the monitoring means can mea 
sure the angle of the thigh and loWer leg relative to each other. 
In a further embodiment, the monitoring means can instead or 
also measure the angle of the thigh to the torso. In yet another 
embodiment, the monitoring means can measure the angle of 
the loWer leg to the foot of the subject. 
[0025] In yet a further embodiment, the monitoring means 
continuously monitors the changing orientation of the thigh 
of the subject’s leg relative to a notional predetermined ref 
erence plane as the leg rotates the rotatable means. The ref 
erence plane can be a horiZontal plane. Where the subject is 
exercising on an exercise bicycle, the monitoring means can 
continuously measure the changing angles of one of the 
thighs of the subject as the legs operate the exercise means, 
such as the pedals of the exercise bicycle. 
[0026] The at least one sensor can be implantable Within 
said at least one limb of the subject. In another embodiment, 
the sensor can comprise a transducer or inertial sensor. Here 
inafter, the sensor Will be referred to as a transducer. 

[0027] The stimulating means or componentry thereof can 
be implantable Within said at least one limb of the subject. In 
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another embodiment, the stimulating means comprises at 
least one stimulator providing stimulation pulses to one or 
more electrodes. These one or more electrodes can be 

implantable Within the legs of the subject. In another embodi 
ment, the stimulator can be carried by the subject. The stimu 
lator may be carried in or on clothing Worn by the subject. In 
another embodiment, the stimulator may be strapped to the 
subject. Still further, the stimulator can be implanted Within 
the subject. When implanted, an external controller can be 
used to provide control signals and/or poWer to the implanted 
stimulator. Radio frequency (RF) communication canbe used 
betWeen the external controller and the implanted stimulator. 
The implanted stimulator can also provide signals back to the 
external controller using the RF communication. Electrical 
leads can extend from the stimulator to the electrodes. These 
leads can be totally implantable Within the subject or carried 
externally on the body of the subject. The electrodes can be 
surface mounted on the skin of the subject, can be percutane 
ous intramuscular electrodes that are implanted With a mini 
mally invasive needle insertion procedure, or fully implanted 
electrodes. 
[0028] In one embodiment, the leg monitoring means can 
be carried on the subject. The monitoring means can be car 
ried in or on clothing Worn by the subject. In another embodi 
ment, the monitoring means can be strapped about the limbs, 
such as the legs, of the subject. In an alternative embodiment, 
the monitoring means, or componentry thereof, can be 
implanted Within the subject. 
[0029] In a preferred embodiment, the monitoring means 
includes at least one transducer that outputs signals represen 
tative of the position and/or movement of said at least one 
transducer and the control means that receives the output 
signals of said at least one transducer. 
[0030] Where the monitoring means is measuring the angle 
of the thigh relative to the loWer leg, a transducer can be 
mounted on both the thigh and loWer leg of the subject. Where 
the measuring means is measuring the angle of the thigh 
relative to the torso, a transducer can be mounted on the torso 
and one or both of the legs. More than one transducer on the 
torso and the legs can also be envisaged. Each of the trans 
ducers in this case Would output signals to the control means. 
[0031] The control means can process the output signals of 
the transducer or transducers and then outputs signals to the 
stimulating means to provide electrical stimulation to the 
appropriate muscles Within the limbs, such as the legs, of the 
subject. As described, the control means can store one or more 
action sequences for application to the subject’s muscles 
Which enable exercising of the limbs, such as the pedaling 
motion. Depending on the position of the limbs as detected by 
the monitoring means, the control means can execute an 
algorithm that leads to the provision of electrical stimulation 
to the appropriate muscle(s) at the appropriate intensity as 
dictated by the subject or a predetermined programme. The 
output signals of the transducer or transducers and those of 
the control means to the stimulating means can comprise 
electrical or optical signals. 
[0032] The control means can be adapted to continuously 
modify the action sequence provided to the stimulating 
means in response to the signals being received from the 
transducer or transducers providing information about the 
position and/or movement of the subject’s legs. 
[0033] In a further embodiment, the at least one predeter 
mined action sequence results in stimulation of the quadri 
ceps, the hamstrings and the gluteal muscles of the subject’s 
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legs in order so as to enable a pedaling motion of the leg to 
cause the rotation of the pedal and crank arrangement. 
[0034] The control means can include a microprocessor. 
[0035] In a preferred embodiment, the system can be con 
trolled by the subject. In a further embodiment, the system 
further comprises an operating means including at least one 
sensor that monitors the position of a portion of the subj ect’s 
body other than said at least one monitored limb and outputs 
predetermined signals in response to detection of predeter 
mined movements by said portion of the subject’s body. In 
this case, detection of a predetermined movement of the torso 
and/ or head of the subject’s body can lead to operation of an 
activation and deactivation means. 

[0036] In another embodiment, control signals can be pro 
vided by the subject adjusting the position or alignment of a 
hand-held or hand-operated device. In a still further embodi 
ment, control signals can be provided by the subject adjusting 
controls mounted to the exercise means, such as the exercise 
bicycle. Movement of the torso and/or head or operation of 
controls on the bicycle can be detected by transducers 
mounted or implanted Within these structures. For example, a 
particular pre-set movement of the torso, for example, can 
lead to a pre-programmed desired action sequence being pro 
vided to the legs so causing the legs to begin or stop a pedaling 
action on the bicycle. These transducers provide control sig 
nals to the control means Which in turn instructs the stimu 
lating means to stimulate the desired muscles of the subject. 
[0037] The activation and deactivation means preferably 
alloWs the subject to turn on and off the control means and the 
PBS system When desired. Where the PBS system is fully 
implanted, the activation and deactivation means is prefer 
ably controllable from outside the body. In one embodiment, 
the activation and deactivation means can comprise a sWitch. 
Where the control means is implanted, the control means 
preferably can still be operated through the skin of the sub 
ject. The operating means preferably incorporates a locking 
means to prevent inadvertent activation or deactivation. 

[0038] The system can include a means of detecting fatigue 
Within the stimulated muscles of the subject. 
[0039] The FES system can further comprise a poWer sup 
ply, such as a rechargeable battery, that provides poWer for the 
system. 
[0040] According to a further aspect, the present invention 
is a method of exercising at least one limb of a subject com 
prising the steps of: 
[0041] monitoring the position and/or movement of said at 
least one limb using at least one sensor mounted to the limb 
and outputting signals representative of said position and/or 
movement; 
[0042] processing the signals and selecting an action 
sequence from one or more predetermined action sequences; 
and 
[0043] outputting a sequence of stimulation signals to at 
least said at least one limb. 
[0044] In one embodiment of this method, the at least one 
limb is stimulated to cause rotation of a rotatable means of an 
exercise device, such as the exercise means described above. 
[0045] In a preferred embodiment, the method relates to 
exercising one or both legs of a subject. 
[0046] In a still further aspect, the present invention is a 
method of exercising at least one limb of a subject comprising 
the steps of: 
[0047] mounting said at least one limb to an operable mem 
ber of an exercise means; 
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[0048] externally driving the operable member and so caus 
ing an exercising movement of said at least one limb; 
[0049] monitoring the position and/ or movement of said at 
least one limb using at least one sensor mounted to the limb 
and outputting signals representative of said position and/or 
movement; processing the signals and providing electrical 
stimulation to at least said at least one limb so as to cause said 

at least one limb to drive the operable member; and 
[0050] discontinuing external driving of the operable mem 
ber. 
[0051] In this aspect, the step of externally driving the 
operable member can occur for a predetermined time period. 
The electrical stimulation can comprise a sequence of stimu 
lation impulses. The sequence can be selected from one or 
more predetermined action sequences. 
[0052] In this aspect, the step of discontinuing external 
driving of the operable member can occur after the step of 
outputting stimulation signals to said at least one limb. In 
another embodiment, the step of discontinuing external driv 
ing can occur simultaneously With commencement of output 
ting stimulation signals or prior to this step. 
[0053] In this aspect, the step of providing stimulation sig 
nals to said at least one limb so as to cause said at least one 

limb to drive the operable member preferably occurs for a 
predetermined period of time. 
[0054] In this aspect, folloWing commencement of the step 
of providing the electrical stimulation, the intensity of the 
stimulation can gradually increase to a predetermined maxi 
mum. Prior to the end of the predetermined period of time of 
providing the electrical stimulation, the intensity of the stimu 
lation can gradually decrease. 
[0055] According to a still further aspect, the present inven 
tion is an exercise system for exercising at least one limb of a 
subject With spinal cord injury or de?ciency, the system com 
prising: 
[0056] an exercise means comprising a movable operable 
member drivable by a driving means, said at least one limb 
being mountable to the operable member; and 
[0057] a functional electrical stimulation (FES) means for 
stimulating the muscles of said at least one limb, the PBS 
means comprising limb monitoring means having at least one 
sensor mountable to said at least one limb that outputs signals 
representative of the position and/ or movement of said at least 
one limb and a control means that receives and processes the 
signals output by the monitoring means and outputs control 
signals to a stimulating means adapted to provide electrical 
stimulation to said at least one limb of the subject so as to 
cause said limb to drive the operable member. 
[0058] In the preceding tWo aspects, the operable member 
can comprise a pedal and crank arrangement of an exercise 
means. The rotatable pedal and crank arrangement can drive 
at least one Wheel. Alternatively, a friction plate or brake can 
bear against the crank and provide a degree of resistance to the 
pedaling motion. The friction plate is preferably adjustable. 
The limb being exercised can be one or both legs of the 
subject. The at least one sensor can monitor the position 
and/or movement of one or both legs of the subject. 
[0059] In one embodiment, the electrical stimulation can be 
output to both legs of the subject. 
[0060] The driving means of the exercise means can be 
used to drive the pedal and crank arrangement of the exercise 
“means for at least the predetermined time period. The pre 
determined time period can range betWeen about 15 seconds 
and about 20 minutes, more preferably betWeen about 1 
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minute and about 10 minutes, still more preferably between 
about 1 minute and about 5 minutes, and yet still more pref 
erably betWeen about 2 and about 3 minutes. 
[0061] In one embodiment, the driving means can be oper 
able by the subject. The driving means can comprise a hand 
crank. The hand crank can be controlled by the subject or a 
third party. In another embodiment, the driving means can 
comprise a motor, such as an electric motor, that drives the 
operable member. 
[0062] In a preferred embodiment, the control means fur 
ther detects and monitors the movement of the operable mem 
ber When driven by the driving means and activates the stimu 
lating means folloWing the predetermined time period. 
[0063] The control means on activating the stimulating 
means can gradually increases the intensity of the electrical 
stimulation to a predetermined maximum. 
[0064] The FES means and the exercise means can have the 
features of the equivalent systems also de?ned herein. 
[0065] The present invention provides a system and method 
that directly measures the position and/ or movement of one or 
more limbs, such as a leg, of a person With spinal cord de? 
ciency operating an exercise means, such as an exercise 
bicycle. The system then outputs stimulation signals to move 
the legs in a manner suitable to operate the exercise means, 
such as drive the pedals of the bicycle. The system and 
method provides a relatively inexpensive means for the sub 
ject to exercise their otherWise dysfunctional muscles as the 
system can be used on any form of bicycle, or one that has 
undergone relatively minor modi?cation, and also provides 
the subject With experience in use of a FES system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0066] By Way of example only, preferred embodiments of 
the invention are noW described With reference to the accom 
panying drawings, in Which: 
[0067] FIG. 1 is a side elevation vieW of one embodiment of 
an exercise system comprising both a functional electrical 
stimulation (FES) system and an exercise bicycle according 
to the present invention; 
[0068] FIG. 2 is a side elevation vieW of a modi?ed version 
of the exercise system depicted in FIG. 1; 
[0069] FIG. 3 is a block diagram of one embodiment of the 
functional electrical stimulation system according to the 
present invention; 
[0070] FIG. 4 is a How chart depicting the states of opera 
tion of the exercise system according to the present invention; 
[0071] FIG. 5 is a How chart depicting the steps undertaken 
by the operating system of the exercise system When the 
subject is engaged in passive cycling on the exercise system; 
and 
[0072] FIG. 6 is a How chart depicting the steps undertaken 
by the operating system of the exercise system When the 
subject is engaged in active cycling on the exercise system. 

PREFERRED MODE OF CARRYING OUT THE 
INVENTION 

[0073] An exercise apparatus for use by a person suffering 
from spinal cord injury or de?ciency is depicted generally as 
10 in the draWings. 
[0074] In the depicted embodiment, the apparatus 10 
includes a stationary exercise bicycle 20 of a generic type. As 
used herein, the term bicycle is to be understood as encom 
passing stationary devices adapted to replicate the pedaling 
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motion of a standard street or track bicycle. It Will be appre 
ciated that such exercise devices While knoWn in the art as 
“exercise bicycles” do not normally have tWo Wheels. Indeed, 
the exercise bicycle as depicted in FIG. 1; While having a 
rotatable crank 17 and pedals 16 does not have any Wheels. 
Rather, the crank 17 extends into a drive box 21. Within the 
drive box, an adjustable friction plate bears against the crank 
17 and provides a degree of friction against movement of the 
crank 17. It Will be understood that the exercise bicycle can 
comprise any exercise bicycle knoWn in the art. 
[0075] The exercise bicycle 20 has a saddle-shaped seat 22 
to alloW the person 12 using the apparatus to be supported on 
the bicycle 20. Given that the present invention is adapted for 
use by a person suffering spinal cord injury 15 or de?ciency, 
it Will be appreciated that the seat 22 may have a belt or other 
means to assist in restraining the person 12 on the seat 22. In 
FIG. 1, a belt is not depicted for reasons of clarity. 
[0076] The exercise bicycle 20 has a base 23 adapted to rest 
on a ?at surface, such as a ?oor. Extending upWardly from the 
base 23 is the drive box 21. The crank 17 extends through the 
box 21 and is terminated at each end With respective crank 
arms 24 that support the respective pedals 16. Extending 
upWardly from the base 23 and forWardly from the drive box 
21 is a support member 25 for a set of handlebars 26. The 
handlebars 26 can be gripped by the hands of the person 12 
and assists them in maintaining their position on the bicycle 
20. The handlebars can have a display screen 27 extending 
upWardly therefrom. The depicted screen 27 provides a 
means for the person 12 to operate the apparatus 10, through 
the use of touchpads on the screen 27. The touchpads provide 
the person 12 With one means of activating or deactivating the 
apparatus 10. The display screen 27 is also used to provide 
feedback to the person 12 on their exercise, such as time 
elapsed in undertaking the exercise. 
[0077] The seat 22 is supported on the base by a further 
support member 28 extending upWardly from the base 23 
rearWardly of the drive box 21. The seat 22 is adjustable in 
height relative to the pedals 16 to alloW the apparatus 10 to be 
used by persons having a range of body shapes and siZes. 
[0078] Mounted on the base 23 rearWardly of the seat sup 
port member 28 is a housing 31 of a functional electrical 
system 30. The housing 31 is used to protect the componentry 
of the functional electrical system 30. The housing 31 is not 
depicted to scale in FIGS. 1 and 2. While depicted in this 
position on the system 10, the housing 31 could be mounted 
on another location on the exercise bicycle 20. Still further, 
the housing 31 could be carried on the person 12, such as in 
the person’s clothing or in a backpack carried by the person 
12. Yet still further, some of the componentry Within the 
housing 31 can be implanted Within the person 12. 
[0079] In the embodiment depicted in FIG. 3, the housing 
31 houses a control means 32. The control means 32 receives 
a ?rst set of signals through a ?rst signal path 33 provided by 
a cable (not depicted) extending from the display screen 27 to 
an electrical connector 33a on the housing 31. The signals 
provided through signal path 33 typically represent basic 
control signals from the person 12. For example, the person 
12 through signal path 33 can turn the system 30 on and off 
and can control the rate of muscle stimulation output by the 
stimulator 35 and so control the rate of pedaling of the pedals 
16. 
[0080] The control means 32 also receives a second set of 
output signals 20 through a second signal path 34 provided by 
a cable 52 extending from a transducer 51 mounted to the 
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thigh of one of the legs of the person 12 to a connector 3411 on 
the housing 31. The cable 52 is shoWn schematically in FIG. 
1 and can be envisaged, in one embodiment, as being a ?ex 
ible cable extending betWeen the transducer 51 and the con 
nector 34a. 

[0081] The control means 32 is pre-programmed to receive 
the signals fed by signal paths 33 and 34 and then output a 
pre-determined sequence of signals to the stimulator 35 in 
response to the detected position of the crank 17 as deter 
mined from the transducer 51 mounted to the right leg. In this 
Way, the control means 32 is able to output a stimulation 
pattern that sets the legs moving in a cycling pattern and so 
pedaling the pedals 16 of the exercise bicycle 20. For 
example, the action sequence can comprise a sequence of 
stimulations provided in order to the quadriceps, hamstrings 
and the gluteal muscles of the subj ect’s respective legs so as to 
cause the legs to move the pedals 16 in a cycling action. In this 
regard, it Will be appreciated that the action sequence to one 
leg Will be 180° out of phase to the action sequence provided 
to the person’s other leg. 
[0082] While in the depicted embodiment, a single trans 
ducer is shoWn mounted to the thigh of one of the legs of the 
person 12, it Will be appreciated that more than one transducer 
or inertial sensor could be mounted on the person 12 in other 
positions. For example, each leg could have a transducer 
mounted thereto. Still further, one or more transducers could 
be mounted to the torso and/or head of the person 12. 
[0083] The control means 32 can comprise a microproces 
sor and include a data storage device that stores measured leg 
movement resulting from electrical stimulations. The control 
means 32 also includes a comparator that can compare the 
various stored measured leg movements. If the comparator 
detects a change in leg movement, this is, in the depicted 
embodiment, interpreted by the control means 32 as resulting 
from muscle fatigue Within that limb. 
[0084] A typical exercise strategy for a person 12 using the 
system 10 is depicted in FIG. 4. During Set-Up, the person 12 
Will need to set up the functional electrical system 30 such 
that it is adapted to output a suitable action sequence for use 
With an exercise bicycle. In this regard, the control means 32 
can have a number of suitable pre-determined action 
sequences stored therein ready for selection by the person 12 
for use When required. For example, the person 12 can input 
to the functional electrical stimulation system 31 an intention 
to perform an exercise routine or use the touchpads on the 
display screen 27 to inform the system 30 that a cycling action 
of the legs is required and that accordingly a suitable action 
sequence from the stimulator Will be required. The system 30 
on receiving information as to the type of exercise to be 
performed by the person 12 can then select the appropriate 
action sequence from those sequences already stored in the 
control means 32. Where another exercise is to be undertaken 
by the person 12, such as Walking on a treadmill of a Walking 
machine or performing a roWing action on a roWing machine, 
the control means 32 can select a different action sequence 
suitable to ensure the legs of the person 12 move in a Walking 
motion on the treadmill or in a roWing action on the roWing 
machine. 

[0085] Also during Set-Up, the person Will connect the 
transducer 51 to their right thigh and mount the seat 22 of the 
bicycle 20. An appropriate number of stimulating electrodes 
53 are also mounted to the legs of the person 12. The elec 
trodes 53 are depicted in FIG. 3 and are not depicted in FIG. 
1 for reasons of draWing clarity. The electrodes 53 receive 
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stimulation pulses via cables 54 connected to the stimulator 
35 by the connector a in the housing 31. More or less elec 
trodes than that depicted in FIG. 3 can be envisaged depend 
ing on the requirements of the device. The cables 54 depicted 
in FIG. 3 are also not necessarily to scale. More than one 
electrode per cable 54 may also be envisaged as being encom 
passed Within this description. While the depicted arrange 
ment relies on use of external electrodes, it should be appre 
ciated that electrodes couldbe implanted Within the person 12 
With stimulation pulses being provided from a stimulator also 
implanted Within the body of the person 12. Such an 
implanted stimulator could be used in association With an 
external device that communicates With the stimulator and 
receives control signals from the control means 32. For 
example, radio frequency (RF) transmission could be used to 
deliver signals from the external device to the implanted 
stimulator. 
[0086] Once the person is mounted on the seat 22 With their 
feet on the pedals 16 and all appropriate electrical connec 
tions have been made, the system 10 can move into a Passive 
Cycling state. While in this state, the crank arms 24 are moved 
by an external drive means to rotate crank 17. In this state, the 
drive means needs to be something other than the person’s 20 
legs. 
[0087] The drive means can merely be the user themselves 
manually pushing on their legs to cause pedaling motion or 
may comprise an electric motor housed Within the drive box 
21. In another embodiment, a third person can simply turn the 
crank 17 for the person 12. 
[0088] In a still further arrangement, and as is depicted in 
FIG. 2, the person (not depicted in FIG. 2) can use their hands 
to turn a hand crank 41 mounted on support member 25. The 
hand crank 41 has hand grips 41a and drives a chain 42 that 
extends to a drive Wheel 43 mounted forWardly of the support 
member 25. A still further chain 44 extends from the drive 
Wheel 43 to the crank 17. By turning the hand crank 41, the 
crank 17 turns through the action of the respective chains 42, 
44 and the drive Wheel 43. This alloWs the person 12 to 
commence a pedaling action of their legs, despite having a leg 
muscle de?ciency. 
[0089] The Passive Cycling state is desirable as it assists in 
reducing spasms Within the legs folloWing commencement of 
the exercise. The passive cycling state also alloWs the pedal 
ing motion of the individual to be calibrated for the speci?c 
device and the various angles of the limbs to be determined to 
take into consideration different exercise bicycles and the 
like. The Passive Cycling state can last from about 2-3 min 
utes, hoWever, longer or shorter time periods can be envis 
aged. 
[0090] While in the Passive Cycling state, the pedaling 
motion of the legs can be monitored using the transducer 51 
on the right thigh. After a period of passive cycling, such as 
about 2 minutes, the control means 32 can commence to 
output an action sequence to the stimulator 35 Which in turn 
provides stimulation pulses to the respective electrodes 53 
mounted on the person 12. In the depicted arrangement, the 
intensity of stimulation is at ?rst relatively loW and then 
gradually increases. 
[0091] Where the person 12 is using the hand crank 41 to 
turn their legs or is manually causing the pedaling motion, the 
person 12 can disengage the hand crank 41 or the manual 
action once the intensity of stimulation has 15 reached a level 
suf?cient to result in turning of the crank 17 simply by the 
electrical stimulation being provided to the legs. If an electric 
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motor is used, the control means 32 can be arranged to dis 
connect the motor or turn it off once an appropriate level of 
stimulation is being provided to the legs and/or the signals 
output by the transducer 51 indicate a cycling motion is 
occurring. 
[0092] A ?owchart depicting the process steps of the con 
trol means 32 leading up to the end of the Passive Cycling 
state is provided in FIG. 5. Once the transducer 51 and stimu 
lator 35 are operational, the control means 32 monitors the 
output of the transducer 51 on the right thigh to determine if 
passive cycling has been detected. Once detected, the control 
means measures the time of passive cycling. If a maximum 
period of 3 minutes is envisaged, the control means 32 on 
detecting that two minutes has expired begins to increase the 
intensity of the stimulation output by the stimulator 35 to the 
electrodes 53. This can continue until a predetermined maxi 
mum level of stimulation is being provided to the muscles of 
the legs of the person 12. Once the Passive Cycling state has 
ended (eg 3 minutes have elapsed), the control means 32 
fully controls the cycling motion of the legs through the 
provision of stimulation to the legs. 
[0093] During the Active Cycling state, the cycling move 
ment of the legs is fully controlled by the control means 32 
outputting functional electrical stimulation to the person’s 
legs. The exercise can occur for a predetermined period of 
time and then the control means 32 can automatically discon 
tinue provision of stimulation. The person 12 can also stop the 
exercise of the legs when required simply by depressing an 
appropriate touchpad on the display screen 27 or the func 
tional electrical stimulation system 31, which sends a deac 
tivation signal to the control means 32 through signal path 33. 
[0094] FIG. 6 depicts a ?owchart of the operation of the 
control means 32 during the Active Cycling state. While in 
this state, the control means 32 continuously monitors the 
output of the transducer 51 and from this determines the crank 
angle of the crank 17 and its angular velocity. Once the 
velocity is determined to be constant, the control means 32 
controls the provision of stimulation until such time as the 
predetermined period of active cycling has elapsed or a signal 
is received indicative that the person 12 wishes to discontinue 
active cycling. If the angular velocity is not constant, the 
angular velocity is monitored through use of the transducer. 
In the depicted ?owchart, if the angular velocity is less than or 
equal to 35 rpm at maximum stimulation level, then stimula 
tion is immediately stopped and active cycling comes to an 
end. If not, the stimulation level is adjusted. 
[0095] As depicted, the system 30 can have a Cool Off 
Period during which stimulation levels output by the stimu 
lator are gradually reduced by the control means 32. This 
gradual reduction down to Zero stimulation can occur over a 

period of seconds, minutes or longer. 
[0096] The transducer 51 mounted to the thigh of the per 
son 12 provides a signal output representative of the angle of 
the thigh relative to a notional horiZontal plane. From a deter 
mination of this angle, the crank angle of the crank, 17 can be 
determined. In the arrangement depicted in FIG. 1, the trans 
ducer is mounted to the right thigh of the person 12. The 
position of the left leg of the person 12 is assumed for the 
purposes of this analysis in this embodiment to be 180° out of 
phase relative to the right leg. 
[0097] In monitoring the cycling motion of the legs of the 
person 12, 0° is taken to correspond to the right thigh position 
when the right pedal of the exercise bicycle 20 is at its top 
most position. The transducer 51 will during a full revolution 
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of the crank 17 move through an arc of (28)°, where 8 is the 
angle that the transducer moves through between the top mo st 
and bottom most position of the pedals 16. 
[0098] As the transducer moves during one revolution of 
the crank 17, the same angles will be detected twice. The 
angles belonging to the ?rst half of the revolution can be 
distinguished from those belonging to the second half of the 
revolution based upon the angle derivative, ie whether the 
angle is increasing or decreasing. Based on the determined 
minimum and maximum angles measured by the transducer 
51, a converter value can be calculated by 5 the control means 
32 which is used to convert measured transducer angles into 
a corresponding crank angle. The measured angle range will 
depend on the body position of the person 12. Although the 
person 12 may be ?xed in position, small changes in the 
minimum and maximum angles detected by the transducer 
can result in relatively big changes in the measured crank 
angle. As such, the angle range measured by the transducer 
will be constantly monitored and the converter value updated 
to account for such movement. 

[0099] The transducer 51 mounted to the leg also provides 
a signal output representative of the movement of the legs 
following electrical stimulation by the stimulator 35. For 
example, the transducer can inform the control means 15 32 
that the stimulator 35 has or has not achieved the outcome for 
the legs expected by the provided stimulation. 
[0100] As depicted in FIG. 3, the system 30 further com 
prises an operating means 36 that receives signals from a 
transducer 37 adapted to monitor the position of a portion of 
the subj ect’s body other than the monitored limb. The trans 
ducer 37 outputs signals through cable 38 connected to con 
nector 39 in the housing 31. The transducer 37 and cable 38 
are not depicted to scale in FIG. 3. More than one such 
transducer 37 can also be envisaged. On receipt of a prede 
termined signal from the transducer 37, the operating means 
can activate or deactivate the control means 32 and/or the 
stimulator 35. For example, the transducer 37 can be mounted 
to the head of the person 12, and adapted to output a prede 
termined signal on determination of a particular movement of 
the person’s head relative to the their torso. This provides the 
person 12 with a ready means to activate or deactivate the PBS 
system simply by a predetermined movement of their head. 
[0101] The present system 10 provides a means of allowing 
a person 12 to exercise their otherwise dysfunctional muscles 
using an exercise bicycle. This serves to reduce or prevent 
wastage of those muscles as well as serve as a means of 

introducing a person to functional electrical systems. 
[0102] It will be appreciated by persons skilled in the art 
that numerous variations and/ or modi?cations may be made 
to the invention as shown in the speci?c embodiments without 
departing from the spirit or scope of the invention as broadly 
described. The present embodiments are, therefore, to be 
considered in all respects as illustrative and not restrictive. 

1-71. (canceled) 
72. A method of exercising at least one limb of a subject 

comprising the steps of: 
monitoring the position or movement of said at least one 

limb using at least one sensor mounted to the limb and 
outputting signals representative of said position or 
movement; 

processing the signals and selecting an action sequence 
from one or more predetermined action sequences; and 
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outputting a sequence of stimulation signals corresponding 
to the selected action sequence to at least said at least one 
limb. 

73. The method of claim 72 Wherein said at least one limb 
is stimulated to cause rotation of a rotator of an exercise 
device. 

74. The method of claim 73 Wherein said at least one limb 
is the leg ofa subject. 

75. A method of exercising at least one limb of a subject 
comprising the steps of: 

mounting said at least one limb to an operable member of 
an exerciser; 

externally driving the operable member and so causing an 
exercising movement of said at least one limb; 

monitoring the position or movement of said at least one 
limb using at least one sensor mounted to the limb and 
outputting signals representative of said position or 
movement; 

processing the signals and providing electrical stimulation 
to said at least one limb so as to cause said at least one 

limb to drive the operable member; and 
discontinuing external driving of the operable member. 
76. The method of claim 75 Wherein the step of discontinu 

ing external driving of the operable member occurs after the 
step of providing electrical stimulation to said at least one 
limb. 
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77. The method of claim 75 Wherein the operable member 
comprises a pedal and crank arrangement of an exerciser. 

78. The method of claim 77 Wherein said at least one limb 
is a leg of the subject. 

79. The method of claim 78 Wherein the position or move 
ment of one leg of the subject is monitored. 

80. The method of claim 79 Wherein the electrical stimu 
lation is output to both legs of the subject. 

81. The method of claim 77 Wherein the exerciser has a 
driver to drive the pedal and crank arrangement of the exer 
c1ser. 

82. The method of claim 75 Wherein the step of providing 
electrical stimulation to said at least one limb so as to cause 

said at least one limb to drive the operable member occurs for 
a predetermined period of time. 

83. The method of claim 82 Wherein folloWing commence 
ment of the step of providing the electrical stimulation, the 
intensity of the stimulation gradually increases to a predeter 
mined maximum. 

84. The method of claim 82 Wherein prior to the end of the 
predetermined period of time of providing the electrical 
stimulation, the intensity of the stimulation gradually 
decreases. 

85-98. (canceled) 


