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Apparatus (2) for providing information on at least one
muscle (4) in a patient (6), which apparatus (2) comprises: (i)
signal providing means (8) for providing measurement-en-
abling signals for the muscle (4); (ii) first contact electrodes
(10) for enabling the measurement-enabling signals from the
signal providing means to be received by the patient (6); (iii)
measurement means (12) for measuring a parameter of the
muscle (4), the parameter being such that it is affected by the
measurement-enabling signals, and the parameter being such
that it relates to at least one electrical property that is indica-
tive of changes in tissue impedance caused by movement of
the muscle (4); and (iv) a garment (14) which is for being
worn over the muscle (4) in the patient (6) and which com-
prises an array (16) of separate electrically conducting areas
(18), and the apparatus (2) being such that the first contact
electrodes (10) are able to be positioned on the garment (14)
at a predetermined precise position for obtaining the mea-
sured parameter and with the first contact electrodes (10)
being in contact with those separate electrically conducting
areas in the garment (14) that are over the predetermined
position. The apparatus optionally includes neuromuscular
stimulator means (46) for providing neuromuscular stimula-
tion signals for the muscle (4).
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APPARATUS FOR USE FOR PROVIDING
INFORMATION ON AT LEAST ONE MUSCLE
IN A PATIENT

[0001] This invention relates to apparatus for providing
information on at least one muscle in a patient. The apparatus
may be for providing information on the movement of the
muscle in a patient suffering loss of mobility due to illness
caused for example by a stroke or surgery. The apparatus may
also be used for providing information on the movement of
the muscle in a patient who is able bodied but who wishes to
achieve better performance with better muscle movement, for
example in the case of athletes. The apparatus of the present
invention is primarily for use for human patients but it may
also be used for animal patients.

[0002] Known apparatus for providing information on at
least one muscle in a patient comprises signal providing
means for providing measurement-enabling signals for the
muscle, contact electrodes for enabling the measurement-
enabling signals from the signal providing means to be
received by the patient, and measurement means for measur-
ing a parameter of the muscle. The known apparatus is used
for giving an indication of joint articulation, for example
ankle articulation. A problem with the known apparatus is
that it is difficult to position the contact electrodes precisely
on the required part of the patient. Variations in positioning of
plus or minus 5 mm from an optimum position may adversely
affect measurement results.

[0003] It is an aim of the present invention to reduce the
above mentioned problem.

[0004] Accordingly, in one non-limiting embodiment of
the present invention there is provided apparatus for provid-
ing information on at least one muscle in a patient, which
apparatus comprises:

[0005] (i) signal providing means for providing mea-
surement-enabling signals for the muscle;

[0006] (i) first contact electrodes for enabling the mea-
surement-enabling signals from the signal providing
means to be received by the patient;

[0007] (iii)) measurement means for measuring a param-
eter of the muscle, the parameter being such that it is
affected by the measurement-enabling signals, and the
parameter being such that it relates to at least one elec-
trical property that is indicative of changes in tissue
impedance cause by movement of the muscle; and

[0008] (iv) a garment which is for being worn over the
muscle in the patient and which comprises an array of
separate electrically conducting areas,

[0009] and the apparatus being such that the first contact
electrodes are able to be positioned on the garment at a
predetermined precise position for obtaining the mea-
sured parameter and with the first contact electrodes
being in contact with those separate electrically con-
ducting areas in the garment that are over the predeter-
mined position.

[0010] The apparatus of the present invention is advanta-
geous in that it enables the precise positioning of the first
contact electrodes. This precise positioning is achievable for
individual patients. Once the precise position of the first con-
tact electrodes on the garment has been established, then the
first contact electrodes are able to be secured in position on
the garment, for example using securing means such for
example as an adhesive. The adhesive may be an electrically
conductive gel which allows adjustment repositioning of the
contact electrodes prior to the electrically conductive gel

Jun. 25, 2015

curing. The initial precise positioning of the first contact
electrodes on the garment may be effected by a clinician,
hospital technician or other authorised person. Once the first
electrodes have been secured to the garment, the garment can
then be taken off after use and later put on as necessary, for
example for daily use. The patient may be the person that puts
the garment on and takes it off. The repeated precise position-
ing of the first contact electrodes is assured because they are
secured to the garment. Reliable remote monitoring of the
patient’s muscle movement, for example from another part of
the hospital or from home thus becomes possible.

[0011] The apparatus may be one in which the garment is
made of a fabric which is stretchable or conformal. A garment
made of such a fabric enables the garment to conform to the
part of the patient’s body requiring measurement of the
muscle in order to indicate the movement of the muscle.

[0012] The garment may be a sleeve garment for being slid
over a part of the patient. The part of the patient may be, for
example an arm, a leg, a finger, a toe, a torso or a neck. The
sleeve garment may be a closed loop sleeve garment which
stretches in order to be placed over the part of the person.

[0013] If desired, the garment may be a strap garment for
being strapped around a part of the patient. The strap garment
may be in the form of an open loop which is closed by closure
means. The closure means may be a fastener comprising a
matrix of push to close and pull to open plastics members.
One such preferred type of fastener is that known under the
Registered Trade Mark Velcro. Other closure means may be
employed, for example a buckle.

[0014] The array of separate electrically conducting areas
may be separated by non-electrically conducting areas, or by
lower electrically conducting areas. Preferably, the lower
electrically conducting areas are thinner than the electrically
conducting areas in order to limit current flow laterally. Usu-
ally, the electrically conducting areas in the array will be
spaced apart from each other. Other types of electrically
conducting areas may however be employed. The electrically
conducting areas may be such that they conduct transversely
through the garment but not, or not substantially, in the plane
of the garment. Thus the electrically conducting areas may be
regarded as being trans-conductive electrically conducting
areas.

[0015] The electrically conducting areas may be woven
into the garment or they may be moulded or printed into the
garment.

[0016] The array may be any suitable and appropriate size
and shape. Thus, for example, the array may be of a regular or
irregular shape dependent upon the position and size of a
muscle or muscle group being monitored or treated.

[0017] The apparatus of the present invention may be used
to provide a measured parameter that only indicates move-
ment of the muscle. The signal providing means may be a
separate signal generator. There will usually be two of the first
contact electrodes but more than two of the first contact
electrodes may be employed if desired.

[0018] Alternatively, in addition to providing a measured
parameter that indicates movement of the muscle, the appa-
ratus of the present invention may also be used to provide
neuromuscular stimulation of the muscle as determined by
the indicated movement of the muscle. In this case, the appa-
ratus of the present invention may include neuromuscular
stimulator means for providing neuromuscular stimulation
signals for the muscle.
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[0019] When the apparatus of the present invention
includes the neuromuscular stimulator means, then the signal
providing means and the neuromuscular stimulator means
may be provided as a single component. Alternatively, the
signal providing means may be provided as a separate com-
ponent from the neuromuscular stimulator means.

[0020] When the apparatus of the present invention
includes the neuromuscular stimulator means, then the appa-
ratus may be used such that the measurement-enabling sig-
nals for the muscle are imposed on the neuromuscular stimu-
lation signals for the muscle, or vice versa.

[0021] If desired, the first contact electrodes may also
enable the neuromuscular stimulation signals to be received
by the patient. Alternatively, the apparatus of the present
invention may include second contact electrodes which are
separate from the first contact electrodes and which enable
the neuromuscular stimulation signals to be received by the
patient, the second contact electrodes being able to be posi-
tioned on the garment in a predetermined position for obtain-
ing the neuromuscular stimulation and with the second con-
tact electrodes being in contact with those separately
electrically conducting areas in the garment that are over the
predetermined position. When second contact electrodes are
employed, there will usually by two of the second contact
electrodes but more than two of the second contact electrodes
may be employed if desired.

[0022] The measurement-enabling signals may have a
waveform selected from at least one of:

[0023] (a) a sine wave;

[0024] (b) a square wave;

[0025] (c) a triangular wave;

[0026] (d) an arbitrary wave form shape;

[0027] (e) repeated parts of similar or dissimilar wave
forms;

[0028] () a random wave form capable of being aver-
aged; and

[0029] (g) an impulse.

Other types of wave forms may be employed. The random
wave form may be a wave form that has noise properties, for
example white noise.

[0030] The measurement means may be such that it mea-
sures the parameter of the muscle by using an electrical prop-
erty selected from at least one of:

[0031] (a) phase shift;

[0032] (b) amplitude;

[0033] (c) slew rate;

[0034] (d) a root mean squared value; and
[0035] (e) impulse.

Other electrical properties may be measured if desired.
[0036] The apparatus of the present invention may include
sealing means for sealing electronically conducting parts on
the garment, whereby the garment is able to be cleaned. Thus,
for example, after repeated use the garment may be cleaned
by sponging.

[0037] The apparatus of the present invention may be used
such that a clinician or other person will accurately position
the first contact electrodes onto the most appropriate area of
the array of separately conducting areas. The first contact
electrodes may remain in place for all future uses of the
garment. Alternatively, the first electrodes may be removable
after ause and then be repositionable for each subsequent use.
When the first electrodes are to remain in place, they may be
constructed for connection to the remainder of the apparatus.
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[0038] The apparatus of the present invention may be used
such that the movement of the muscle is a movement caused
by changes to muscle length. Other types of muscle move-
ment may however be used.

[0039] Embodiments of the invention will now be
described solely by way of example and with reference to the
accompanying drawings in which:

[0040] FIG. 1 shows part of first apparatus for providing
information on at least one muscle in a patient, and for ensur-
ing accurate and repeatable location of electrodes;

[0041] FIG. 2 is an enlarged view of part of the apparatus
shown in FIG. 1;

[0042] FIG. 3 is a cross section through a part of the appa-
ratus shown in FIG. 1;

[0043] FIG. 4 is an enlarged view of part of the apparatus
shown in FIG. 3;

[0044] FIGS. 5-10 show different types of separate electri-
cally conducting areas to those shown in FIG. 1;

[0045] FIG. 11 shows part of first apparatus of the present
invention which provides a measured parameter that indicates
the movement of the muscle;

[0046] FIG. 12 shows part of second apparatus of the
present invention including measurement means for indicat-
ing movement of a muscle and also neuromuscular stimulator
means for providing neuromuscular stimulation signals for
the muscle;

[0047] FIG. 13 shows part of third apparatus of the present
invention wherein both signal providing means for providing
measurement-enabling signals for the muscle and neuromus-
cular stimulation signals for the muscles are provided by a
neuromuscular stimulator;

[0048] FIG. 14 shows partof fourth apparatus of the present
invention, the apparatus comprising a first set of electrodes
for enabling the measurement-enabling signals from the sig-
nal providing means to be received by a patient, and a second
set of electrodes for receiving neuromuscular stimulation sig-
nals from neuromuscular stimulator means;

[0049] FIG. 15 shows a measurement wave form for use
with a separate signal generator and neuromuscular stimula-
tor as shown in the apparatus of FIGS. 12 and 14; and
[0050] FIG. 16 shows a measurement wave form using a
component of a neuromuscular stimulation wave as a mea-
surement-enabling signal, as shown in the apparatus of FIG.
13.

[0051] Referring to FIGS. 1-4 and 11 there is shown appa-
ratus 2 for use for at least one muscle 4 in a patient 6. The
apparatus 2 comprises signal providing means 8 for providing
measurement-enabling signals for the muscle 4. The appara-
tus 2 also comprises two first contact electrodes 10 for
enabling the measurement-enabling signals from the signal
providing means 8 to be received by the patient 6.

[0052] The apparatus 2 further comprises measurement
means 12 for measuring a parameter of the muscle 4. The
parameter is such that it is affected by the measurement-
enabling signals. The parameter is such that it relates to at
least one electrical property that is indicative of changes in
tissue impedance caused by movement of the muscle 4.
[0053] The apparatus 2 further comprises a garment 14
which is for being worn over the muscle 4 in the patient 6. The
garment 14 comprises an array 16 of separate electrically
conducting areas 18 separated by non-electrically conducting
areas 20,

[0054] The apparatus 2 is such that the first contact elec-
trodes 10 are able to be positioned on the garment 14 at a



US 2015/0173640 A1l

predetermined precise position for obtaining the measured
parameter, and with the first contact electrodes 10 being in
contact with those separate electrically conducting areas 18 in
the garment 14 that are over the predetermined position.
[0055] As shown in FIG. 1, the garment is a sleeve garment
which is slid over an arm 22 such that the garment 14 is on a
forearm 24 of the arm 22. The garment 14 is made of a fabric
which is stretchable or conformable whereby the garment 14
is a sleeve garment which conforms closely to the contours of
the forearm 24.

[0056] FIG. 3 shows how the matrix 16 of the electrically
conducting areas 18 is able to be in contact with the skin 25 of
the patient 6.

[0057] The separate electrically conducting areas 18 are
regularly spaced separate electrically conducting areas 18 in
the array 16. The separate electrically conducting areas 18 are
woven into the garment or are moulded or printed into the
garment, as can best be appreciated from FIGS. 3 and 4.
[0058] FIGS. 5-10 show six different types and/or configu-
rations of separate electrically conducting areas 18 and sur-
rounding non-electrically conducting areas 20 in arrays 26,
28, 30, 32, 34, 36.

[0059] FIG. 11 shows how the first apparatus 2 is such that
the signal providing means 8 is a separate signal generator. In
use, the signal generator 8 produces a measurement wave
form 38 that creates an electrical circuit 40 through the
patient’s body via the first contact electrodes 10, the electri-
cally conducting areas 18 and the measurement means 12.
The measurement means 12 produces an output 42. The out-
put 42 is thus a measured parameter that indicates movement
of the muscle 4.

[0060] FIG. 12 shows part of second apparatus 44 of the
present invention. Similar parts as in FIG. 11 have been given
the same reference numerals for ease of comparison and
understanding. The apparatus 44 is such that it includes neu-
romuscular stimulator means 46 for providing neuromuscular
stimulating signals for the muscle 4. The use of the neuro-
muscular stimulator means is additional to the use of the
signal providing means 8 as will be appreciated from FIG.12.
Thus the apparatus 44 enables the muscle 4 firstly to be
measured in order to obtain an indication of the movement of
the muscle 4, and secondly to receive neuromuscular stimu-
lation signals for stimulating movement of the muscle 4. The
effect of the neuromuscular stimulation can then be moni-
tored by the measured parameter indicating the movement of
the muscle 4 and the neuromuscular stimulation signals can
then be adjusted accordingly for providing optimum neuro-
muscular stimulation for the muscle 4. The apparatus 44
operates such that the signal providing means 8 produces the
wave form 38. The wave form 38 is switched by a switch 48
to form the electrical circuit 40 through the patient’s body via
the electrodes 10 and the measurement means 12. The calcu-
lation is made by the measurement means 12, and a control
command signal 50 is then sent to the neuromuscular stimu-
lator means 46. The neuromuscular stimulator means 46 is
connected to the first contact electrodes 10 via the switch 48,
and thus a stimulation pulse or pulses 52 are delivered to the
first contact electrodes 10. The process is then repeated as
necessary and appropriate.

[0061] FIG. 13 shows third apparatus 54. Similar parts as in
previous Figures have been given the same reference numer-
als for ease of comparison and understanding. In operation of
the apparatus 54, the neuromuscular stimulator means 46
produces a neuromuscular stimulation pulse train 52 which is
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delivered to the first contact electrodes 10. An electrical cir-
cuit 40 is formed through the measurement means 12. The
measurement means 12 calculates a control signal 50 which is
sent to the neuromuscular stimulator means 46 to modulate
the pulse train 52. The measurement-enabling signals are
formed as a component of the neuromuscular stimulation
pulse train 52. The measurement-enabling signals are gener-
ated by signal providing means 8 which are not shown in FIG.
13 but which are formed as an integral part of the neuromus-
cular stimulator means 46.

[0062] FIG. 14 shows fourth apparatus 56 of the present
invention. Similar parts as in previous Figures have been
given the same reference numerals for ease of comparison
and understanding. The apparatus 56 is like the apparatus 44
except that the apparatus 56 employs the first contact elec-
trodes 10 and also two second contact electrodes 58. This
enables the apparatus 56 to dispense with the switch 48 used
in the apparatus 44. The apparatus 56 operates such that the
signal providing means 8 produces a measurement wave form
38 to form an electrical circuit 40 through the body of the
patient 6 via the first contact electrodes 10 and the measure-
ment means 12. A calculation is made by the measurement
means 12, and a control command signal 50 is sent to the
neuromuscular stimulator means 46. The neuromuscular
stimulator means 46 delivers a stimulation pulse or pulses 52
to the second contact electrodes 58.

[0063] FIG. 15 shows a measurement wave form for use
with a separate signal providing means 8 and a separate
neuromuscular stimulator means 46, for example obtainable
as shown in FIGS. 12 and 14. The neuromuscular stimulation
pulses 52 are delivered with regular period. The measurement
wave form 38 is applied between the stimulation pulses 52.
[0064] FIG. 16 shows a realisation of a measurement wave
form for using the component of the neuromuscular stimula-
tion wave as may be employed using the apparatus shown in
FIG. 13. The measurement wave form is delivered in modu-
lated bursts which are delivered with the neuromuscular
stimulation pulse or pulses 52.

[0065] The apparatus of the present invention may be used
for control of electrical stimulation of a muscle, for example
a paralysed person’s arm muscle, to ensure that the muscle
extends but does not over-extend and perhaps damage itself.
As indicated above, advantageously the same electrodes can
be used for sensing and stimulation, as sensing can occur
during the sub-second pauses, for example millisecond
pauses, between each stimulation pulse.

[0066] The apparatus of the present invention may be used
for monitoring muscle movement and/or use, for example for:

[0067] (a)allowing remote health physicians to remotely
check that a patient is performing appropriate exercises;

[0068] (b) helping train athletes by monitoring muscle
movement during exercise;

[0069] (c) non-optical motion-capture systems, such as
for controlling the movement of a virtual avatar in a
virtual environment, so the avatar matches the move-
ment of the computer user.

[0070] The apparatus of the present invention may be
cheaper to manufacture than known apparatus with angle-
meters or using optical data capture. For paralysis patients, it
is much easier to calibrate apparatus of the present invention
to prevent over-extension, compared to systems using angle-
meters, gyroscopes etc, and the apparatus of the present
invention is similarly cheaper. For sports and haptics appli-
cations, one benefit is that sensors can be integral and non-
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obstructing within a close fitting garment, so that again the
apparatus of the present invention may be cheaper and sim-
pler than with other known systems.

[0071] The muscle fibres may enable the measurement and
react as stimulated because, at a molecular scale, the shape of
elongated muscle fibres may give them a greater capacitive
effect than non-elongated fibres. The apparatus of the present
invention may be used for therapeutic applications, for
example involving electrical stimulation. Alternatively, the
apparatus of the present invention may be used for non-
therapeutic applications, for example measuring multiple
muscle groups.

[0072] The garment may be made conductive with a con-
ductive polymer or something similar. More than one muscle
group may be monitored simultaneously. A single garment
may have sensors for several muscle groups. The calibration
step might be as simple as moving an arm or a joint to a
position which fully extends the arm or other body part, and
automatically logging the measured electrical changes to a
maximum desirable predetermined value. A continuous re-
calibration approach may be used if the measurement gets
affected by small movements of the electrode position on an
hourly basis or from day to day. Similarly, if each electrode is
aclose packed array of electrodes, a computer system may be
employed to identify which electrode within each array has
the most ideal position, based on measurements from that
electrode having the greatest range of phase-lags, or some
such similar method. Alternatively, in a stimulation embodi-
ment, the apparatus of the present invention may detect which
electrodes activate a muscle or joint most efficiently, and may
then use these electrodes both for stimulation and sensing.
[0073] It is to be appreciated that the embodiments of the
invention described above with reference to the accompany-
ing drawings have been given by way of example only and
that modifications may be effected. Thus, for example, the
electrically conducting areas 18 may alternatively be sepa-
rated by thinner electrically conducting areas which are in a
lower plane than the electrically conducting areas 18. The
apparatus 2, 44, 54, 56 may be used with more than one
muscle or muscle group. The apparatus 2, 44,54, 56 is able to
be used with the garment 14, or with different types of gar-
ments for different parts of the patient’s body. The patient 6
may be any suitable patient including persons suffering
muscle movement impairment, or athletes. The patient 6 may
alternatively be an animal, for example a dog, cat or a race
horse. Individual components shown in the drawings are not
limited to use in their drawings and they may be used in other
drawings and in all aspects of the invention.

1. Apparatus for providing information on at least one

muscle in a patient, which apparatus comprises:

(1) signal providing means for providing measurement-
enabling signals for the muscle;

(11) first contact electrodes for enabling the measurement-
enabling signals from the signal providing means to be
received by the patient;

(111) measurement means for measuring a parameter of the
muscle, the parameter being such that it is affected by the
measurement-enabling signals, and the parameter being
such that it relates to at least one electrical property that
is indicative of changes in tissue impedance caused by
movement of the muscle; and

(iv) a garment which is for being worn over the muscle in
the patient and which comprises an array of separate
electrically conducting areas,
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and the apparatus being such that the first contact elec-
trodes are able to be positioned on the garment at a
predetermined precise position for obtaining the mea-
sured parameter and with the first contact electrodes
being in contact with those separate electrically con-
ducting areas in the garment that are over the predeter-
mined position.

2. Apparatus according to claim 1 in which the garment is
made of a fabric which is stretchable or conformal.

3. Apparatus according to claim 1 or claim 2 in which the
garment is a sleeve garment for being slid over a part of the
patient.

4. Apparatus according to any one of the preceding claims
in which the garment is a strap garment for being strapped
around a part of a person.

5. Apparatus according to any one of the preceding claims
in which the electrically conducting areas are spaced electri-
cally conducting areas in the matrix.

6. Apparatus according to any one of the preceding claims
in which the electrically conducting areas are woven into the
garment or are moulded or printed into the garment.

7. Apparatus according to any one of the preceding claims
in which the signal providing means is a separate signal
generator.

8. Apparatus according to any one of claims 1-6 and includ-
ing neuromuscular stimulator means for providing neuro-
muscular stimulation signals for the muscle.

9. Apparatus according to claim 8 in which the signal
providing means an the neuromuscular stimulator means are
provided as a single component.

10. Apparatus according to claim 8 in which the signal
providing means is provided as a separate component from
the neuromuscular stimulator means.

11. Apparatus according to any one of claims 8-10 in which
the apparatus is used such that the measurement enabling
signals for the muscle are imposed on the neuromuscular
stimulation signals for the muscle.

12. Apparatus according to any one of claims 8-11 in which
the first contact electrodes also enable the neuromuscular
stimulation signals to be received by the patient.

13. Apparatus according to any one of claims 8-10 and
including second contact electrodes which are separate from
the first contact electrodes and which enable the neuromus-
cular stimulation signals to be received by the patient, the
second contact electrodes being able to be positioned in the
garment in a predetermined position for obtaining the neuro-
muscular stimulation and with the second contact electrodes
being in contact with those separate electrically conducting
areas in the garment that area over the predetermined posi-
tion.

14. Apparatus according to any one of the preceding claims
in which the measurement-enabling signals have a wave form
selected from at least one of:

(a) a sine wave;

(b) a square wave;

(c) a triangular wave;

(d) an arbitrary wave form shape;

(e) repeated parts of similar or dissimilar wave forms;

(B) a random wave form capable of being averaged; and

2) an impulse.

15. Apparatus according to claim 14 in which the random

wave form is white noise.
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16. Apparatus according to any one of the preceding claims
in which the measurement means measures the parameter of
the muscle by using an electrical property selected from at
least one of:

(a) phase shift;

(b) amplitude;

(¢) slew rate;

(d) a root mean squared value; and

(e) impulse.

17. Apparatus according to any one of the preceding claims
and including sealing means for sealing electronically con-
ducting parts on the garment, whereby the garment is able to
be cleaned.
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