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(57) Abréege/Abstract:

An exercise monitoring device (10, 10A, 10B) comprising a pressure pad (11) in the form of a flexible bladder or bag which
comprises a plurality of substantially separate compartments (12, 12A, 12B). There is also included pumping means in the foam
a pressure bulb or air bulb (24). There Is also included feedback means In the form of an aneroid dial (18, 19). The feedback
means permits monitoring or metering of pressure biofeedback transmitted to the pressure pad from the body part of the patient
(34) In use. The feedback means may also comprise an analogue meter, digital readout or visual display device VDU which are
all associated with the pressure transducer. There also may be provided valve means (21) in the form of a regulating screw
which may regulate air flow between the air bulb (24) and aneroid dial (18, 19). There is also provided a method for monitoring of
physiotherapy exercise using the above described monitoring device (10) which includes the steps of: (1) supporting the
pressure pad (11) between a body part of a patient (34) requiring monitoring and a support surface such as a floor, belt, back of
a chair, wall, plinth bed; (2) inflating the pressure pad (11) until it moulds between the body part and the support surface; (3)

monitoring the pressure on the feedback means including noting any changes in the pressure; and (4) deflating the pressure
pad (11).
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ABSTRACT
An exercilse monitoring device (10, 10A, 10D) comprising =2
pregsure pad (11) in the form of a flexible bladder or bag
whioch oconprises & oplurality of substantlially separate
compartments (12, 12A, 12B). Thoere is also insluded punmping
moang in the form a pressure huld or air bulk (24). There is
also included feedback means In the form of an anexroid dial
{18, 19). The feedback means permits monitoring or matering

of pressure biofesdback tranamitted to the pressure pad fromnm
the body part of the patient (34) in use. The feedback means

may also comprise an analogue meter, Aigital readout or visual

display dsvice VDU which are all agsociated with the pressure
" transducer. ‘There also may be provided valve means (21) in
the form o©f a regulating screw which may regulate air flow
botween the aixr buld (24) and aneroid Aaial (18, 19)., Thare 1is
aleo provided a nmethod for monitoring of physiotherapy

exerciges using the above described monitoring device (10)

which includes the steps of:
(1) gsupporting the pressure pad (11) bstween a heody part
of a patient (34) requiring monitoring and a eubport surface

such as a floox, belt, back of a chair, wall, plinth ded;

{2) inflating the pressure pad (11) until it moulés
betweon the body part and the support surfaoce;

(3) monitoring the pressure on the feedback means
including noting any changes in the pressvure; and

(4) deflating the proessure pad (11).
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EXERCISE MONITORING DEVICE

1

THIS INVENTION sxclatos to an. oxercise wmonltoxiny
devica which is particularly suited for use in rhysiotherapy.
In partioular the monitoring device of the invention 1is
espoclially directed (o “"pressure bilofeedback" which is to
provide feedback to ensure safety, quality and precision in
exergise performance and testing.

Hitherxto Aifficulty has been experienced especially
in regard to patients in relation to monitoring of patients
du:.;:l.ng physictherapy exexoises to detexmine if th’e patient wasg
carxrying out the relevant exercises in the prescribed fashion.
Thie was noecegstry to avoid muscle fatigue, back strain and
pain and also to agcertain when the energy of the patient was
woakening or when a rest was reguired. Monitoring of these
remedinl exercises was also necessary to ensure correct muscle
action for example in xetraining of the abdominal musgcle
funotion and also to ensurs safety and procision of stretching
techniquos., Monitoring of these exercises was also necessary
to achileve postural training and for checking stabilisation
during exexcises lumbar spine (foxr example stabilisation
during lower limbh exercise).

Such monitoring as described above has been largely
carriod out in the past by patient self assessment or by
visual or manual assessment by the physiotherapist and thus it
wag largely done on a qualitative rather than a quantitative
basis. An electrical device known as an electromyograph which
measured electrical activity of the muscles wag uwsed to some

extent but is 4ifficult to use in the clinic when monitoxring

many conplex muscle actions.

~MUJOLVO
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Pragsurae actuated davices or sphygmomanomoters are

wall Xknown in xelation to moasuroment of arterial blood
prxossure., These dQevices comprise a pressure bulb with
sultable valves associated therewith, an elongate ouff
usually having velecro attachments for fastening to an arm or
leg and =a pressure bag or Dbladder usually formed from
resilient material retained within a zretalning pocket in the
elongate cuff. Thexe was also provided an air hose connecting
the buldb with the bladder and another air hose connecting the
bladder with a suitable metering devics. Metexring dJdevices
nermally included an anélogue meter (eg mercury manonmeter oI
anerxocld dial) or digital read out davice.

Howaver such sphygmomanometers were not suitable for
use as &an exercise mnmonitoring device as they were s0lely

Airected to measurement of arterial blood preasuré.

It <therefore i1is an object of <the 4Invention to

provide an exercise monjitoring device which 48 suitable in
monitoring of physiotherapy exercises which is quantitative in

nature.

Accoxdingly the invention provides in one aspact an

axcrelise monitoring device including a pressure pad, an alr
pump, feoedback means and an air line associated with the

pressure pad, air pump and feosldback means o permit inflation

of the pressure pad fox monitoring purposes.

The pressure pad may be of any suitable form and
thus comprise a flexible bladder or bag preferably formed of

non~xacilient ox non—-stretchable mnatarial inclusive of

plastics material such as vinyl, leather or fabrioc such as

2058233
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cotton or wool.

Although the pressure pad may comprise a single air chamber it is preferred
that there are provided a plurality of air chambers separated by boundaries only permitting
restricted air access between adjacent air chambers. It is preferred to utilise a plurality of air
chambers having restricted air access between the chambers as this allows appropriate
monitoring of variable changes (eg rotation) of the patient’s body position unlike a single air

chamber.

In another embodiment, the pressure pad may be formed of a plurality of
completely separate air chambers whereby each chamber has its own air line to provide a

plurality at all times all communicating with a common manifold.

In a preferred embodiment therefore the pressure pad may comprise an air
bag which is suitably plate like in shape having a pair of opposed walls wherein adjacent parts
of each wall may be fused or welded together so as to form the above-mentioned boundaries
with openings or air passages between each boundary to provide access of air between

adjacent air chambers.

The air pump may be of any suitable kind and suitably comprises an air bulb
or pressure bulb which may be actuated or pressurised manually. However this does not

preclude the use of other air pumps such as piston pumps or diaphragm pumps for example.

The teedback means may be of any suitable type that permits monitoring or

metering of the pressure biofeedback
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4
which is transmitted by the prossure pad. This may include an
analogue meterxr for example such as an anoroid dial or
eleoctronic or selectrically operated meter such as a digital

read out ox a suiltably visual display unit or VDU.

5 In one form the feedback means may also include a
pressure transducer such as & strain gasuge oOr pressure
transducey based on a plezo electric effect or variable
regigtance effect. In the latter arrangement this may operate

with one side or face ¢0f a membrane incouporating a cirxcult

Lol |

having the wvariable resistance being subject to the pressure

change whioh willl result in a change in the electrical

resigtance of the circuit which ig related to or proportional
£¢ the change.
The pregsaure transducer may be connected to +the
15 pressure pad 4in any suitable fashion such as by an air hose,
The pressure transducer in turn may then bs connected to a
digital xead out or analogue meter or interfapged with a
computory which incorporates the VDU which if desired may be
coupled <€o a printer, The computer may use appropriate
gu software so as to provide a thorough analvsis of the output of
a pationt undergoing an exercise xoutine which may bde
contained in a suitable print out from the printer,
Preferably for easo and convenlenoce the aix buld is
dixeotly coupled to an anexold dial so that the result on the
25 anercid dial may e read Dby t(he patient undergoing the
exoroiso 9o as to provide a form of self assesament.,
.Thare also may be provided valve means so as to

adjuot the pressure in the pressure pad if regquired. In one
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form this may comprise a screw actuated valve associated with an air passage between the
aneroid dial and the air bulb. When the value is in an open position air may not reach the
pressure pad but 1s pumped directly to atmosphere. When the valve is closed or partially
closed air may be pumped to the pressure pad so as to inflate the pressure pad. Further
opening of the valve may decrease the pressure in the pressure pad as recorded on the aneroid

dial when required.

In another aspect the invention provides a process for monitoring of

physiotherapy exercises using the above described monitoring device which includes the steps

of:

(1) supporting the pressure pad between a body part of a patient
requiring monitoring and a support surface such as a floor, belt, back of chair, wall, plinth
bed;

(2) inflating the pressure pad until it moulds between the body part and

the support surface;

(3) monitoring the pressure on the feedback means including noting any

changes in the pressure; and
(4) detlating the pressure pad.

In relating to step (3) once a constant pressure has been obtained then any
deviations from that constant pressure may indicate that the patient is trying too hard or

alternatively 1s not putting the required effort into the relevant exercise.

Reference may now be made to a preferred embodiment of the invention as

illustrated on the drawing attached herewith wherein:

FIGS 1, 1A and | B illustrate a first form of
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exarcise monitoring device constructed in accordance with the

invention wherein ffIG 1 shows a praeassure pad, FIGC 1A shows o
front view of an assembly of anerold dial and air bhulb and FIG
1B shows a side view of this assembly;

FIG 2 is8 an end view of the device shown in FICG 1;

FIG 3 is a view of a soobnd form of exercilse

monitoring device constructed in accordance with the present

invention;

PIGC 4 1 a wview of a third form' of exercise

monicoring device c¢onstructed in accordance with the present

invention;

PIG@ S5 18 a wview showing the exsrcise monitoring

"device of PIG 1 connected to a pressure transducer and digital

read ocut or VDU of a computer iInterfaged with the pressure

trangducer;

FIGC 6 18 a view sghowing the exercise nmonitoring
davice o0f the invention usged f£or monitoring abdominal mnmuscle

training and posturel training;

FIG 7 45 a view of ths exercise monitoring devioce of

the invention used for monitoring lumbax spine gstabilization;

PIG 8 is a view of the exexcvise monitoring device of

the invention used for monitoring muscle stretchfng techniques

and in paxrticular the hip flexors; and

FIG ¢ shows a similar view to FIG 8 nmonitoring

strotching of the tensor fascia lata musole.

In the drawings and especially in FIG 1 there is

shown an exarcise monitoxing device 10 having a pressure pad

11 dincluding air compaxtments or c¢hambers 12 ssparated Dhy
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boundaries 13 having xestricted air passages 14. An air line

15 48 attached to nozzle 16 of pad 11 and 1is algo attached to

inlet 17 of anercid dial housing 18 having gauvge 19 and
indicator needle 20. There is also shown adjusting screw 21

of regulating valve 22 for adjustment of pressure in pad 11l.

air bulb 24 is attached to alr passage or inlet pipe 23 of

housing 18. There 4is also included a non-return valve din

housing 18 (not shown).

FIG 2 shows cach chamber 12 wmay 1nf1ate'individually
after alr ig forced into pad 1! by pumping of bulb z2.

FIG 3 shows that an exercise monitoring device 10A
having a pressure pad 11A instead of having thres chambers 12
as shown in PI¢C 1 has five chambers 12A. Also a manifold 24

mavy be used to 4interxconnect access +tubes 25 attached to

nozzles 26 of pad 1lA.

FIC 4 shows & monitoring device 10B having pressure
pad {1P having a different arrangement of chambers 12B to that
previously described each having a sepe;re.t:e air line 27. 1In
the FIG 4 arrangement if each alxr line 27 is connécted €O &
common manifold 27A then of course there is no reguirasment for
restricted aiy pagsages 14 Dbecause by the provision of this

-

manifold +the ailr pressure in each ochamber 128 will Dbe

individually controlled.

FTIG 5 sahows an arrangement whexe the monitoxing

device 10 iy connected through a pressure transducsr PT to an
analogus meter AM or digltal read out meter DRO ox to VDU in
separate alternative arrangemonts. In the VDU afranqoment the

transducer PT is intexfaced with a computer whioh incorxporates

t008295



10

15

20

CA 02058233 2001-04-23

the VDU. The transducer PT may communicate with air line 15 in any

suitable manner.

In FIG 6 pad 11 1s placed under the lumbar spine of back 33 of patient 34.
The pad may be inflated to mould into the lumbar lordosis and a suitable pressure is within
the range of 20 to 46 mm Hg. With the emphasis on abdominal muscle contraction the
patient upon being requested to flatten the lumbar spine in the back “flattening” manoeuvre
should cause an increase of 10-20 mm Hg in the pressure. Higher readings of 30-50 mm Hg
may be recorded if the patient is asked to maximally “pelvic tilt”. A decrease in pressure
denotes increased arching of the lumbar spine and increased anterior pelvic tilt. The action of
the abdominals can be monitored for functional strength training and postural correction. The
right foot 35 can be elevated in this position to a number of different elevations as shown in
phantom. This illustrates controlled leg movement exercises. It will be noted that the patient
can monitor his own progress by reading the pressure valve on the gauge 19. In another
arrangement the patient may stand 1n an upright position with the pad 11 located against a
wall and also abutting the lumbar spine with the patient holding gauge 19 in this hand for

appropriate self monitoring of relevant exercises.

In the position shown in FIG 7 this 1s one position suitable for lumbar spine
stabilization and thus the appropriate use of the muscles 1s monitored which are required in
the stabilization and protection of the lumbar spine during lower and upper limb exercise. In

the stabilization procedure
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9
the patient 34 contradts his abdominal muscles and holds hie

back £lat. The presgure may increase 10 to 20 mm Hg when back

flattening 1ls performed well, An incxease of 30 to 50 mm Hyg
occurs with back flattening and strong pelvic tilg.

FPor protection of +the lumbar spine the pressure

ghould be malntained during lower and upper limb exerclse. A

deorease in pressure denotes lack of spinal nuscle

stabliligation,

For more effective exercise with stadilization <the

pressure should be nmaintained during leg exténsion exerciges

and a decxreass in pressuxs denotey lack of spinal stablization
and less effective exercise technigue. Relevant exercises in
regard €O dumbarxr spine stakilization include leg 1lifts or

lower limb exercilse, leg extension or leg press, upper 1imd

exexcise or bench press and leg extension exsrcise whioh

mainly oocurs using a slideboard.

In the exercises shown in FIGS8 8 and :9 thesge refer
to muscle stretching whereln the monitoring d.evioe of the
invention allows for estimation of stadbilization of the spine
while adjacent Y»ody soegments are noved in order to stretch
appropriate muscles. FIG 8 shows & stretching exercise in
relation €0 the hip flexors, and FIG 9 shows a stretching
exercise in relation to the tensor fascla lata. These tests

may also apply to many other stretceching toechniques including

the rectus femoris, the latisslmus dorsi and the pectorallis

majox. In each of these exexcilses 1t 1is necessaxy to test ocr

stretch the muscle to 1ts limitis. It is also necessary Lo

maintain the pressure in the stretch and this can be monitoxed

40908400
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10
by tho patient 34, 1In FIG 8 the pad i1 is placed in the sgame
position as shown in PIGS 6-7. In FIC 9 the pad 11 is placed

batween the lateral trunk (lumbar spine level) and the support
surface, The pelvis ig stabilized using a lateral pelvic tilt
combined with the stabilization procedure.

In the uge of the monitoring device of the invention
as shown in FIGS 6-9, p:eaauré on the pad 11 can be increased,
decreased or maintained depending upon the exercise., Rotation
of screw 21 will deflate pad 1ii.

It will be appreciated from the foregoing that for
the first time a quantitive monitoring of bhysiothexapy
exercises can now take place with the monitoring being handled
by the patient which overcomes a lot of ¢the problems

agsociated with gqualitative monitoring as  desoribed

previously.

2058233
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WE CLAIM:

1. A process of self monitoring of physiotherapy or physical

therapy exercise which invelves muscular movement including

P

stretching of muscles, the process including the steps of:

(@) supporting a pressure pad having a plurality of

substantially separate compartments, the

compartments being at least partially inflated while
in use, the pressure pad being positioned between a

e
and

body part of a patient requiring such exercise and

a support surface, the pressure pad being connected

by an alr line to a pressure biofeedback means for
permitting monitoring of pressure biofeedback by the

patient;

(o) 1nflating the pressure pad until the pressure pad
moulds to the body part and exerts a monitoring

pressure on the boay part;

(c) determining and monitoring any deviation in pressure

once a constant pressure has been obtained, the

determination and monitoring being performed by the

patient while the patient performs the exercise; and

(d) deflating the pressure pad after the patient

completes the exercise.

P

Z . The process of claim 1, wherein the pressure pad is

formed of a plurality of air compartments separated by
boundaries only permitting restricted air access Dbetween

adjacent alr compartments.

.~

3. The process of claim 1, wherein the pressure pad 1is

- -

formed of a plurality of completely separate alr compartments.
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4 . The process of claim 1, wherein the pressure pad includes

valve means of adjusting pressure 1n the compartments, an

assembly of pumping means, and biofeedback means separated by

an alr passage assoclated with the valve means.

-

5. The process of claim 4, wherein the pressure pad further

includes an alr line between the compartments and the assembly

of pumping means and the biofeedback means.

o . The process of claim 4, wherein the valve means includes

4 screw actuated valve for selectively controlling the amount

gt

of air passing through the alr passage.

7. The process of claim 4, wherein the pumping means 1s a

manually actuatable pump and the bilofeedback means 1s an

anerold dial and said ailir ©passage 1s a rigid pipe

interconnectling the manually actuatable pump and the aneroid

dial.

8 . The process of claim 7, wherein the manually actuatable

pump 1s an alr bulb or pressure bulb.

’-

O . The process of claim 1, wherein the biofeedback means 1is

an analogue meter coupled to a pressure transducer which is

connected to the pressure pad by an air line.

10. The process of claim 1, wherein the biofeedback means is

-

a digital read out meter coupled to a pressure transducer

which 1s connected to the pressure pad by an air line.

r.

11. The process of claim 1, wherein the biliofeedback means is

-——

& VDU 1ncorporated 1in a computer which is interfaced with a

pressure transducer which 1s connected to the pressure pad by

an alr lilne.
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12. A process of self monitoring of physical therapy exercise

which 1nvolves muscular movement 1including stretching of

muscles, the process 1including the steps of:

(a) supporting a pressure pad having a plurality of
substantially separate compartments, the
compartments being at least partially inflated while
1n use, the pressure pad beling positioned between a

pr—

pbody part of a patient requiring such exercise and

a support surface, the pressure pad belng connected
by an air line to a pressure biofeedback means which

incorporates meter means, the pressure pad exerting

no restraining effect on the body part;

(b) 1nflating the pressure pad until the pressure pad

moulds to the body part;

(c) determining any deviation 1n pressure once a

constant pressure has been obtained, the

determination being performed by the patient while
the patient performs the exercise and while the

meter means 18 carried by the patient, wherein the

pressure biofeedback means monitors or meters the

pressure deviations; and

(d) deflating the pressure pad after the patient

completes the exercise.
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