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APPARATUS AND METHOD FOR MUSCULAR STIMULATION

The present invention relates to apparatus and a method for
muscular stimulation, in particular apparatus and a method for

muscular stimulation by applying vibrational stimulation.

A muscle will undergo reflex contractions when stimulated by
the application of mechanical vibrations, in a similar way to
voluntary muscle contractions due to physical exertion.
Accordingly, devices are known for muscular stimulation by the
application of mechanical vibrations. Such devices can be
useful for athletic training, since improved muscle tone of
a user can be achieved without physical exercise, for example
in the home, and in a shorter period of time than could be
achieved by physical exercise. Such devices can also be of
therapeutic use during recovery of a user from, for example,
an accident or surgery, and have been shown to be effective
in increasing bone density. However, such devices suffer from
the drawback that they require no physical exertion by the
user, and hence contribute little to the fitness of the user,
and provide a stimulus which is not determined by the physical

exertion of the user.

The present invention seeks to provide apparatus and a method

for overcoming the drawbacks of the prior art.

According to the present invention there is provided apparatus
for muscular stimulation of a user, which apparatus comprises
a pressure sensor, a control unit to which pressure values
sensed by the pressure sensor are fed, and a vibrational
stimulator for applying vibrational stimulation, wherein the
vibrational stimulator is activated by the control unit in

response to the pressure sensor sensing an applied pressure
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which exceeds a threshold pressure value.

The apparatus according to the present invention thus provides
vibrational stimulation to a user in response to the pressure
sensor sensing an applied pressure by the user above a
threshold value. Thus, the user must expend a certain amount
of physical effort in order to activate the vibrational
stimulator, the amount of physical effort required being
determined by the level at which the threshold pressure value

is set.

Preferably, the vibrational stimulator is deactivated when the
pressure sensor ceases to sense an applied pressure which
exceeds the threshold pressure value. In this way, the user
must continue to apply a pressure above the threshold value
in order for the vibrational stimulator to remain activated,
and thereby provide vibrational stimulation to the muscles of

the user.

The apparatus according to the present invention may
conveniently take the form of exercise apparatus, for example

of the type found in a gym.

The apparatus may comprise one or more pressure sensors, and
preferably comprises a first set of pressure sensors for
detecting pressure applied through the hands of a user, and/or
a second set of pressure sensors for detecting pressure
applied through the feet of a user. The first and second sets
of pressure sensors may each respectively comprise one or more
individual pressure sensors. More preferably, the apparatus

comprises both said first and second sets of pressure sensors.

For example, the first set of pressure sensors may detect
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pressure applied to a bar against which a user can push or
pull with their hands. The second set of pressure sensors may
detect pressure applied to a plate against which a user can

push with their feet.

The pressure sensor may suitably comprise, for example, a

strain gauge.

The apparatus according to the present invention may be
designed for use by a user supine, or in a sitting or standing

position.

The pressure sensor senses the applied pressure, which
pressure value 1is fed to the control unit. The control unit
controls the operation of the apparatus and may be a central.
processing unit, or other suitable computer hardware. Thus, -
the control unit receives pressure values sensed by the.
pressure sensor, preferably stores the threshold pressure.
value, and activates, and preferably deactivates, the
vibrational stimulator by comparing the pressure values
received from the pressure sensor with the stored threshold
pressure value. The control unit may perform other functions,
for example it may run software which allows a user to tailor
the apparatus to individual requirements, such as frequency,
amplitude, direction and other characteristics of vibrations
generated by the vibrational stimulator. The control unit may
also store information concerning use of the apparatus by a
user in a particular session, for example for later reading
by a user to compare performance data from one session using
the apparatus with another, or for providing real time data
on display means for viewing during use of the apparatus by

a user.
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The apparatus according to the present invention also
comprises a vibration stimulator for applying vibrational
stimulation. The apparatus preferably comprises a
corresponding number of vibration stimulators and pressure
sensors, l.e. in the preferred embodiments referred to above
having first and second sets of pressure sensors, the
apparatus will comprise corresponding first and second
vibration sensors. In this way, the pressure sensor(s) and
vibrational stimulator(s) may be located in the same unit(s),
i.e. the unit(s) to which a user applies pressure during use
of the apparatus. Thus, in the preferred embodiments referred
to above, a first vibrational stimulator may be associated
with the first set of pressure sensors for detecting pressure
applied through the hands of a wuser, and/or a second
vibrational stimulator may be associated with the second set -
of pressure sensors for detecting pressure applied through the

feet of a user.

In the particularly preferred embodiment referred to above,
the first set of pressure sensors and first wvibrational
stimulator for application of pressure through the hands of
a user may conveniently be associated with a bar against which
a user can push with their hands. The second set of pressure
sensors and second vibrational stimulator for application of
pressure through the feet of a user may, for example,
conveniently be associated with a plate against which a user
can push with their feet. Thus, when the user applies a
pressure to the first and second pressure sensors which
exceeds the threshold pressure stored by the control unit, by
applying pressure to the first set of pressure sensors through
their arms, and to the second set of pressure sensors through
their legs, their arms and legs will receive vibrational

stimulation from the first and second vibrational stimulators
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respectively.

The vibrational stimulator(s) can preferably deliver
vibrational stimulation to a wuser in a plurality of
amplitudes, frequencies and directions. More preferably, the
amplitude, frequency and direction of vibration may be
tailored by a user via the control unit. Each vibrational
stimulator may comprise one or more individual vibration
engines, which may be controlled electronically according to
parameters stored by the control unit. The wvibrational
parameters may be manually set by a user prior to use of the

apparatus.

The vibrational stimulator(s) may provide vibrational:
stimulation to a wuser either via a unit which remains
substantially stationary relative to the user, or which can
reciprocally move relative to a user, for example in response
to the pressure sensor sensing an applied pressure which
exceeds the threshold pressure. For example, in the preferred
embodiment referred to above, the bar to which a user can
apply pressure through their hands may be reciprocally
moveable relative to the user, reciprocal movement of the bar
being activated in response to the pressure sensor sensing an
applied pressure which exceeds the threshold pressure, as for
activation of the vibrational stimulator. Similarly, in the
aforementioned preferred embodiment, the plate to which a user
can apply pressure through their feet may be reciprocally

moveable, activated in the same way as the bar.

In those embodiments in which the vibrational stimulator(s)
provide vibrational stimulation to a user via a unit which is
reciprocally moveable, the reciprocal movement may be, for

example, substantially towards and away from the user in the
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plane of symmetry of the wuser, laterally in a plane
substantially orthogonal to the plane of symmetry of the user,
a combination of movements in both of said planes, circular
movement in one or both of said planes, or a combination of
any of such movements. Preferably, the direction(s) of the
movement may be predetermined by the user, for example by pre-
programming the control unit (e.g. wvia a touch screen
display), as preferably may also the speed and magnitude of

the reciprocal movement.

Thus, in use, a user of the apparatus according to the present
invention applies an initial pressure to be sensed by the
pressure sensor. The initial pressure 1is preferably the
maximum pressure which the user can apply at that instant.
The pressure sensor senses the initial pressure wvalue, which
is stored by the control unit. A threshold pressure value is
then determined based upon the initial pressure value. The
threshold pressure value may be any value from 0% (i.e. no
pressure 1is required by a user to activate vibrational
stimulation) to 100% (i.e. vibrational stimulation is only
activated when a pressure equal to or exceeding the initial
pressure value is sensed) of the initial pressure value, for
example from 50 to 90% of the initial pressure value, or a
narrower range of for example 70 to 80%. The threshold
pressure value may be automatically set by the control unit,

or may be manually set by the user.

Subsequently, each time the pressure sensor senses a pressure
applied by the user which exceeds the threshold pressure
value, the control unit activates the vibrational stimulator.
Preferably, as referred to above, when the pressure sensor
senses that the pressure applied by the user has dropped below

the threshold wvalue, the control wunit deactivates the
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vibrational stimulator. Thus, the user will only receive
vibrational stimulation when sufficient pressure is applied
to activate the vibrational stimulator, according to the
threshold pressure value stored by the control unit, for

example as previously manually set by the user.

According to the present invention there is thus also provided
a method for muscular stimulation of a user, which method
comprises the user applying an initial pressure which 1is
sensed by a pressure sensor, recording the initial pressure
value sensed by the pressure sensor, and applying vibrational
stimulation to the user by a vibrational stimulator in
response to the user applying pressure to the pressure sensor
which exceeds a threshold pressure value determined by the

initial pressure value.

In the method of the present invention, the wvibrational
stimulation may be provided to the user via a unit which
reciprocally moves relative to the user in response to the
user applying pressure to the pressure sensor which exceeds

the threshold pressure value.

The apparatus and method according to the present invention
thus have utility for exercising muscles, either as part of
a fitness regime, or a recovery program of a user from surgery
or illness. The apparatus and method according to the present
invention have the particular advantage over prior apparatus
and methods in that they may be specifically tailored by the
user to individual requirements. The apparatus and method
according to the present invention may be used as an
evaluation tool for neuromuscular performance, to stimulate
different muscles and joints in a user, and allows exercise

or treatment at different levels of force applied by a user.



WO 2004/009173 PCT/GB2003/003258

10

15

20

25

30

- 8 -

However, the apparatus and method according to the present
invention is also suited for use in microgravity environments,
for example beyond the earth’s atmosphere, where exercising

with weights, for example barbells, is ineffective.

An embodiment of the present invention will now be described
in detail by way of example, with reference to the

accompanying drawings, in which:

Figure 1 is a side view of a preferred embodiment of the
apparatus according to the present invention; and

Figure 2 is a top view of the embodiment shown in Figure 1.

Referring to Figures 1 and 2, a preferred embodiment of "the
apparatus of the present invention comprises first and second
pressure sensors 2 and 4 respectively, in the form of first
and second strain gauges, a control unit 6 to which pressure
values sensed by the pressure sensors 2 and 4 are fed, and
first and second vibrational stimulators 8 and 10 respectively
for applying vibrational stimulation to the user. The pressure
values detected by the first and second pressure sensors 2 and
4 are fed to the control unit 6 via connections 12. The
apparatus further comprises a touch screen display 14 by which
the user may view in real time their performance on the
apparatus, and may input or change apparatus parameters, for
example the threshold pressure value, or parameters of the

vibrational stimulators 8 and 10.

As shown in Figures 1 and 2, the preferred embodiment of the
apparatus according to the present invention is designed for
use by a supine user. The first pressure sensor 2 and first
vibrational stimulator 8 form part of a unit which comprises

a bar 16 against which the user pushes through their hands to
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apply pressure thereto. The second pressure sensor 4 and
second vibrational stimulator 10 form part of a unit which
comprises a plate 18 against which the user pushes through

their feet to apply pressure thereto.

The bar 16 and/or plate 18 may be reciprocally moveable
relative to a user in response to the first and/or second
pressure sensors 2 and/or 4 respectively sensing an applied
pressure which exceeds the threshold pressure. Thus, in the
embodiment shown in Figures 1 and 2, the bar 16 may be
reciprocally moveable towards and away from the direction of
applied pressure through the arms of the user (i.e. upwards
and downwards in the view shown in Figure 1) and/or the plate
18 may be reciprocally moveable towards and away from the
direction of applied pressure through the feet of the uer
(i.e. left and right in the view shown in Figure 1). The
direction, speed and magnitude of reciprocal movement of‘the
bar 16 and plate 18 may be pre-determined by the user via. the

touch screen display 14.

Thus, in use, in the supine position the user initially
applies pressure to the bar 16 and plate 18 to their maximum
ability. These initial pressure values are sensed by the
first and second pressure sensors 2 and 4, and are stored in
the control unit 6. The user then sets the threshold pressure
value, for example 70% of the initial pressure value, using
the touchscreen 14. The user then applies pressure to the bar
16 and plate 18, and whenever the first and second pressure
sensors 2 and 4 sense pressure values greater than the
threshold value, the control unit 6 activates the first and
second vibrational stimulators 8 and 10, to thereby stimulate
the arm and leg muscles respectively of the user. When the

pressure value sensed by the first and/or second pressure
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sensors 2 and 4 drops below the threshold pressure value, then
the control unit 6 deactivates the first and/or second
vibrational stimulators 8 and 10 accordingly. As referred to
hereinabove, the bar 16 and/or plate 18 may be reciprocally
moveable relative to the user in response to the first and/or
second pressure sensors 2 and/or 4 respectively sensing an

applied pressure which exceeds the threshold pressure.

It will be wunderstood that the embodiment illustrated
describes the invention in one form only for the purposes of
illustration. In practice, the invention may be applied to
many different configﬁrations, the detailed embodiments being

straightforward for those skilled in the art to implement.
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CLAIMS

1. Apparatus for muscular stimulation of a user, which
apparatus comprises a pressure sensor, a control unit to which
pressure values sensed by the pressure sensor are fed, and a
vibrational stimulator for applying vibrational stimulation,
wherein the vibrational stimulator is activated by the control
unit in response to the pressure sensor sensing an applied

pressure which exceeds a threshold pressure value.

2. Dpparatus according to claim 1 wherein the vibrational
stimulator is deactivated when the pressure sensor ceases to
sense an applied pressure which exceeds the threshold pressure

value.

3. BApparatus according to claim 1 or 2 which comprises a
first set of pressure sensors for detecting pressure applied
through the hands of a user, and/or a second set of pressure
sensors for detection of pressure applied through the feet of

a user.

4. Apparatus according to claim 3 which comprises both said

first and second sets of pressure sensors.

5. Apparatus according to claim 3 or 4 wherein the first set
of pressure sensors detects pressure applied to a bar against

which a user can push or pull with their hands.

6. Bpparatus according to any one of claims 3, 4 or 5
wherein the second set of pressure sensors detects pressure
applied to a plate against which a user can push with their

feet.
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7. Apparatus according to any preceding claim wherein the

pressure sensor comprises a strain gauge.

8. Apparatus according to any preceding claim for use by a

supine user.

9. Apparatus according to any preceding claim wherein the

control unit comprises a central processing unit.

10. Apparatus according to any preceding claim wherein the
control unit allows a user to set the frequency, amplitude
and/or direction of vibrations generated by the vibrational
stimulator, and/or stores information concerning use of the

apparatus by a user.

11. Apparatus according to any preceding claim further
comprising display means for viewing during use of . the

apparatus by a user.

12. Apparatus according to any preceding claim which
comprises a corresponding number of vibration stimulators and

pressure sensors.

13. Apparatus according to claim 12 which comprises a first
vibrational stimulator associated with a first set of pressure
sensors for detecting pressure applied through the hands of
a user, and/or a second vibrational stimulator associated with
a second set of pressure sensors for detecting pressure

applied through the feet of a user.

14. Apparatus according to claim 13 wherein the first set of
pressure sensors and first vibrational stimulator are

associlated with a bar against which a user can push or pull
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with their hands.

15. Apparatus according to claim 13 or 14 wherein the second
set of pressure sensors and second vibrational stimulator are
associated with a plate against which a user can push with

their feet.

16. Apparatus according to any preceding claim wherein the
vibrational stimulator can deliver vibrational stimulation to
a user in a plurality of amplitudes, frequencies and/or

directions.

17. Apparatus according to claim 16 wherein the vibrational
stimulator comprises one or more individual vibration engines,
which are controlled electronically according to parameters

stored by the control unit.

18. Apparatus according to claim 17 wherein the parameters

are manually set by a user prior to use of the apparatus.

19. Apparatus according to any preceding claim wherein the
vibrational stimulator(s) provide vibrational stimulation to
a user via a unit which can reciprocally move relative to a
user in response to the pressure sensor sensing an applied

pressure which exceeds the threshold pressure.

20. Apparatus according to claim 19 which comprises a bar to
which a user can apply pressure through their hands, which bar

is reciprocally moveable relative to the user.

21. Apparatus according to claim 19 or 20 which comprises a
plate to which a user can apply pressure through their feet,

which plate is reciprocally moveable.
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22. Apparatus according to claim 19, 20 or 21 wherein the
reciprocal movement is substantially towards and away from a
user in the plane of symmetry of the user, laterally in a
plane substantially orthogonal to the plane of symmetry of a
user, a combination of movements in both of said planes,
circular movement in one or both of sald planes, or a

combination of any of such movements.

23. Apparatus according to any one of claims 19 to 22 wherein
the direction(s), speed and/or magnitude of the reciprocal
movement may be predetermined by the user via the control

unit.

24. A method for muscular stimulation of a user, which method
comprises the user applying an initial pressure which is
sensed by a pressure sensor, recording the initial pressure
value sensed by the pressure sensor, and applying vibrational
stimulation to the user by a vibrational stimulator in
response to the user applying pressure to the pressure sensor
which exceeds a threshold pressure value determined by “the

initial pressure value.

25. A method according to claim 24 wherein the vibrational
stimulation is provided to the wuser via a unit which
reciprocally moves relative to the user in response to the
user applying pressure to the pressure sensor which exceeds

the threshold pressure value.

25. Apparatus substantially as hereinbefore described with

reference to the accompanying drawings.

26. A method substantially as hereinbefore described.
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