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USER STRENGTH MEASUREMENT APPARATUS

Technical field

This invention relates to a measurement apparatus
and method.

This invention relates particularly to an apparatus
and method for assessing the strength of a user. The
invention has particular application to an apparatus and
method for wmeasuring the strength, work capacity, work
rate and speed of muscle contraction of the human hand
although it will be appreciated that the invention may be
used to measure non-human strength and work capacity and
to measure the strength and work capacity of humans other
than that generated by the hand.

The invention has particular application to
apparatus and methods for measuring the strength, work
rate and speed of muscle contraction of the hand of a
person with hand disability, including occupational
overuse syndrome which is also known as cumulative trauma
disorder or repetition strain injury (RSI).

Background of Invention

Grip strength dynamometers for measuring the
strength of the hand to perform grasping work, including
persons with RSI, are known. Known devices have a pair
of substantially parallel spaced apart bars which are
drawn together by hand against a fixed force with the
strength of the grip being measured. Such apparatus is
essentially a modified strain meter which quantitatively
assesses the strength of the isometric grasp of the hand.

Summary of Invention

The present invention aims to provide an alternative
to known apparatus of the above type.

This invention in one aspect resides broadly in an
apparatus for assessing the strength of a wuser, the
apparatus including:-

pneumatic reservoir means adapted to be repeatedly
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vented by the user by deformation thereof;

measuring means for measuring parameters indicative
of strength, work, work rate and speed of nmuscle
contraction of the user in each repeated evacuation of
the reservoir means, and

display means for displaying the indicative
parameters upon each the repeated evacuation.

In a preferred embodiment the pneumatic reservoir
means is deformable.

In another aspect this invention resides broadly in
a method of comparatively assessing the strength of a
user, the method including:-

causing the user to repeatedly wvent a pneumatic
resexrvoir;

measuring parameters indicative of strength, work,
work rate and speed of muscle contraction of the user in
repeatedly evacuating the pneumatic reservoir, and

displaying indications of strength, work, work rate
and speed of wuscle contraction thus measured in
comparison with a norm. .

The pneumatic reservoir means may be any suitable
means adapted to be repeatedly vented and could for
example be a bellows, such as an organ-type bellows,
which can be repeatedly vented by a user's foot or arm
action. Alternatively the pneumatic reservoir means may
be a piston and cylinder arrangement in which either may
be actuated by a lever mechanism.

In one preferred embodiment the pneumatic reservoir
means is a resilient bladder adapted to resile from a
deflated configuration after evacuation to an inflated
configuration for re-evacuation.

Alternatively the pneumatic reservoir means may be a
limp collapsible bladder, the apparatus including a
source of positive pressure to re-inflate the 1limp
bladder from a deflated configuration after evacuation to
an inflated configuration for re-evacuatiomn.

In one arrangement the apparatus includes a constant
volume chamber pneumatically connected to the pneumatic
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reservoir means and the measuring means includes pressure
measuring means to measure the pressure in the constant
volume chamber.

In a second arrangement the apparatus includes a
valve operable at a predetermined pressure, ie a constant
pressure valve, and pneumatically connected to the
prneumatic reservoir means to thereby define the pressure
to be exceeded before the pneumatic reservoir means can
be vented, and the measuring means includes volume
measuring means for measuring the volume of air expelled
from the constant pressure valve.

It is to be understood for this arrangement to work,
the volume of the pneumatic pipe linking the exit wvalve
of the pneumatic reservoir, the pressure measuring means
and the constant pressure wvalve, ie the high pressure
line, is trivial in relation of the volume of gas usually
expelled from the pneumatic resexrvoir. Thus each hand
pump action results in sufficient pressure in the
pneumatic reservoir and the high pressure line to open
the constant pressure valve and eject a significant
volume of gas, approximating the volume of gas ejected
from the pneumatic reservoir.

In a wvariation of this arrangement, a constant
volume chamber can be connected to the high pressure
line. In this case, as the pneumatic reservoir is
repetitively emptied, the pressure of the gas in the
constant volume chamber will increase until it reaches
the pressure setting of the constant pressure valve,
From this event, further repetitive evacuation of the
pneumatic reservoir will result in gas being released by
the constant pressure valve at its pressure setting with
no further increments of pressure occurring in any part
of the high pressure line, including the constant volume
chamber.

In both arrangements the volume of the constant
volume chamber may be selectively variable. The
operating pressure of the constant pressure valve may
also be selectively variable with the measuring means
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including pressure measuring means to measure the
pressure at which the constant pressure valve operates.

It is preferred that the measuring means includes
time measuring means for measuring the time at the
beginning and end of each evacuation and calculating
means for calculating the time taken to actively deflate
the pneumatic reservoir means (pump duration) and the
time before initiation of the next pump cycle (recovery
duration). The measuring means may also include
calculating means for calculating parameters indicative
of strength, work, work rate and speed of muscle
contraction of the user.

In one embodiment of the invention the constant
volume chamber is connected with a variable bleed valve
(as opposed to a constant pressure valve) to selectively
vary the pressure in the constant volume chamber such
that the pressure therein remains substantially constant
after each successive evacuation thereof. The rate of
bleeding through the bleed valve is proportional to the
setting of the valve and to the pressure in the chamber.
By continually bleeding air from the chamber, and with a
constant pumping rate, and constant volume of evacuation
of the pressure reservoir, the pressure in the constant
volume chamber remains substantially constant after each
successive evacuation.

The measuring means may include pressure measuring
means to measure the pressure at which a constant
pressure valve operates, and control means to control the
pressure at which a constant pressure valve operates or
to vary the setting of the wvariable .bleed wvalve. The
control means thus control the pressure level of a
constant pressure valve or the proportion of air bled
from a variable bleed valve.

The apparatus may alsoc include control means for
controlling the volume of the constant volume chamber,
and/or control means for controlling the initial pressure
of the constant volume chamber, and/or control means for
controlling the pressure of a positive pressure source
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for supply to a limp collapsible bladder.

The apparatué preferably includes pressure
generating means operable by an analyst to selectively
control the initial pressure in the constant volume
chamber.

It is preferred that the apparatus includes non-
return valve means located at the inlet and outlet of the
pneumatic resexrvoir means, the non-return valve means
respectively preventing reflux of a gas from the
pneumatic resexvoir when operated by a user and
preventing reflux of gas from the constant volume chamber
to the reservoir after operation of the reservoir by the
user.

The apparatus may also include time indicating means
such as a metronome for indicating time intervals to a
user. The time intervals may be the desired time of
muscle contraction.

The parameters indicative of strength, work, work
rate and speed of muscle contraction of the user
preferably includé one or more of the following specific
parameters:-

a. contraction or pump duration
b. rest or recovery duration
c. total <cycle time (which conveniently can be

presented as the inverse, ie  "cycle £requency"),
this being equivalent to the metronome rate of this

cycle

d. volume of gas vented (stated in volumetric or
nvolume equivalent pressure" terms)

e. cycle load or pressure overcome (the average

pressure in the fixed volume chamber for the cycle,
or the pressure set in the pressure release valve,
if that component is functioning)

£. work performed
g. power achieved
h. volumetric muscle shortening velocity (this is a

general measure of the average shortening velocity
of the contracting muscles acting on the 'pneumatic
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reservoir, stated as the volumetric rate of air

venting {per unit time) from the pneumatic

reservoir).

The assessment method has been found to produce
beneficial physioclogical and psychological effects and
accordingly in a further aspect this invention resides
broadly in a method of treatment of patients having
muscle weakness, the method including:-

causing the patient to repeatedly vent a pneumatic
reservoir;

measuring parameters indicative of strength, wozrk,
work rate and speed of muscle contraction of the patient
in repeatedly evacuating the pneumatic reservoir, and

displaying to the patient indications of strength,
work, work rate and speed of muscle contraction thus
measured in comparison with previous patient's
indications;

whereby the action of repeated evacuation has a
beneficial physiological effect for the patient and the
display of improved indications in comparison with
previous indications has a beneficial psychological
effect for the patient.

In another aspect this invention resides broadly in
a method of monitoring the state of weakness and clinical
improvement of a patient having muscle weakness, the
method including:- _

causing the patient to repeatedly vent a pneumatic
reservoixr;

measuring parameters indicative of strength, work,
work rate and speed of muscle contraction of the patient
in repeatedly evacuating the pneumatic reservoir, and

displaying indications of strength, work, work rate
and speed of muscle contraction thus measured in

comparison with a norm.

Description of Drawings
In order that this invention may be more easily
understood and put into practical effect, reference will
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now be made to the accompanying drawings which illustrate
a preferred embodiment of the invention, wherein:-

FIG 1 1is a schematic diagram illustrating the
invention;

FIG 2 schematically illustrates a first embodiment
of the invention seen in FIG 1;

FIG 3 schematically illustrates a second embodiment
of the invention seen in FIG 1;

FIG 4 schematically illustrates a third embodiment
of the invention seen in FIG 1;

FIG 5 illustrates an alternative embodiment of the
pneumatic reservoir;

FIG 6 schematically illustrates another embodiment
of the invention;

FIGS 7 is a tabulation produced in accordance with
the invention, and

FIGS 8A, 8B and 8C and FIGS S5 to 26 are graphs of
the results produced in accordance with the invention.

Description of Preferred Embodiment of Invention

As can be seen in FIG 1, a hand grip assessment
apparatus 10 consists of a pneumatic reservoir 11 in the
form of a rubber bulb such as is used in a conventional
blood pressure sphygmomanometer which refills by simple
elastic zrecoil. Bulb 1) is therefore adapted to be
repeatedly vented by a user. Apparatus 10 also includes
measuring means 12 which measures parameters indicative
of strength, work, work rate and speed of muscle
contraction of a user in evacuating the reservoir means.

FIG 2 illustrates a first preferred embodiment of
the invention in which measuring apparatus 20 includes a
pneumatic bulb reservoir 21, a chamber 22 of constant
volume and a manometer 23 for measuring the pressure
within chamber 22.

Alternatively in another form of the invention as
seen in FIG 3 in which measuring apparatus 30 has a bulb
reservoir 31, the constant volume chamber is replaced by
a constant pressure valve 32 to which is coupled a
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measuring device 33 for wmeasuring the volume of air which
passes from the system through constant pressure valve
32. Manometer 34 measures the pressure at which valve 32
operates. The pressure at which valve 32 operates is
selectively variable.

FIG 4 illustrates another form of the invention in
which measuring apparatus 40 includes a pneumatic bulb
reservoir 41 having non-return valves 45 and 46 connected
cn either side of the bulb reservoir to respectively
prevent reflux of air from the bulb to atmosphere during
operation and from the system to the bulb after
operation. Constant wvolume chamber 42 is wvented by a
variable bleed valve 43. The rate of release ig variable
whereby when the user sgqueezes the bulb 41, the person
conducting the test can vary the bleed rate of valve 43
to maintain a substantially constant pressure in constant
volume chamber 42. The constant pressure within constant
volume chamber 42 is read by means of manometer 3% and
the veclume of air pumped by the user at this pressure is
measured by volumetric measuring device 44. -

The analyst, ie the person conducted the tests, can
vary the initial pregssure within the constant wvolume
chamber at which the tests commence. This is achieved by
providing a second pneumatic bulb reservoir 47, or other
pumping weans, which i1s operated by the analyst. This
arrangement can also be used with the embodiments
illustrated in FIGS 2 and 3.

It will be appreciated that a sphyamomanometer-type
bulb reservoir has an elastic recoil pressure against
which a user must work, This configuration requires
unmeasured work to be performed each cycle against the
elastic recoil of the bulb, thus introducing an error
into the assessment by understating strength achieved and
in the calculation of actual work performed. Where grip
strength is greatly reduced, the inherent elastic recoil
of the bulb requires significant strength to overcome and
significant muscle work is performed in doing this. This
unmeasured strength and work is a significant component
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of the actual strength required and work. performed.

Accordingly, in another aspect of this invention
illustrated in FIG 5, this disadvantage is overcome by a
collapsible bladder 51 which is xeinflated by positive
pressure source 52. Non-return valve 53 and 54 operate
in a manner previously described. The pressure of the
positive pressure source is deducted from that measured
in the constant volume chamber or the operating pressure
of the constant pressure valve.

FIG 6 illustrates a system 60 in which a pneumatic
bulb reservoir 61 is repeatedly vented thereby varying
the pressure and/or volume within an assembly 62. Timing
means 63 arxe -associated with bulb 61 and monitoxr the
commencement and conclusion times of each operating
cycle. Pressure measuring means 64 and volume measuring
means 65 are associated with assembly 62 and measure
pressure and volumetric changes associated therewith.
The outputs of timing means 63, pressure measuring means
64 and veolume measuring means 65 are connected with
computation means 66 whérein calculations subsequently to
be described are made. Calculating means 66 typically
comprises a computer which produces an output 67 which is
indicative of the strength, work, work rate and speed of
muscle contraction performed by a user of the equipment
with each pump cycle.

Although not illustrated in FIG 6, it is to be
realised that as well as measuring the pressure, control
means that controls settings and actuates components of
the apparatus, such as valves and pumps, between tests
vary the volume of the constant volume chamber, and
control the speed of metronome means that indicates to
the subject the desired times of Dbulb reservoir
evacuation. Such control means within the computation
means can be managed by the analyst to set tests suitable
for his or her intentions, or can administer a test
process set up and programmed within the computation
means, independent of and unknown to the analyst, to
obtain a "double blind" assessment. Thus the control
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means can also control the venting valve (as for example
via control from computer 66).

In this optional arrangement pressure measuring and
controlling means 64 and volume measuring means 65 are
associated with assembly 62 and measure and can control
pressure and volumetric changes associated therewith.
The outputs of timing means 63, pressure measuring and
controlling means 64 and volume measuring means 65 are
connected with computation means 66 wherein the
calculations subsequently to be described are made.

The pressure setting of the constant pressure valve
can conveniently be measured with a gauge or transducer
sited between the exit valve of the bulb and the constant
pressure valve. The pressure witﬁin the constant volume
chamber can conveniently be measured within that chamber
or elsewhere in the high pressure line.

The +volume of air pumped can conveniently be
measured either by a volumetric oxr integrated air flow
measure attached to a priming mechanism that replenishes
the gas in the bulb under low pressure, or by measuring
the volume or the integrated air flow of air escaping
from the constant pressure wvalve. Accuracy will be
increased by minimising the dead-space between the bulb
exit valve and the constant pressure valve. A constant
volume chamber can also be incorporated into this
configuration permitting a build up of pressure to a
predetermined level, after which air injected by further
pumping to vent the bulb will bleed from the chamber so
maintaining constant pressure.

Measuring the duration of each pump cycle permits
the calculation of the "rate of doing work" for each pump
cycle. A good approximation can be obtained by observing
the start and stop times of the increase in pressure
measured in the constant volume chamber. More
accurately, this information <c¢an be obtained Dby
identifying the times of the opening and the closing of
the bulb exit valve, or of the constant pressure valve.

The constant pressure valve embodiment allows the
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threshold pressure that permits. flow of air to be varied,
to allow study of the ability of the grip of the hand to
do work against different pressures in the bulb. The
configuration of this embodiment is the most analytical,
as it permits continuing bulb evacuation cycles against a
constant pressure at the will of the analyst, increases
in the pressure also being able to be induced at the will
of the analyst, at the times of his or her choice. Thus
the strength and the endurance of the hand in grip work
can be studied independently.

The configuration wutilising .a constant volume
chamber without a constant pressure wvalve is a more
simple and restricted system, as it utilises the wvolume
of air pumped into the constant volume vessel by each
pump cycle to increase the pressure in that vessel by a
proportional amount. The volume of air pumped in is also
directly proportional to the increase in pressure
achieved in the pump cycle. This simplifies the system,
as the accurate volume measure needed for the fixed
pressure valve configuration can be dispensed with, the
volume injected at each cycle being calculated directly
from the increase in pressure. Useful results can be
obtained £from this system, with a variation of the
pressure increase caused by injecting a constant volume
of air being obtained by changing the wvolume of the
chamber. Furthermore, the constant pressure valve can be
simulated by using a variable flow release valve to
obtain a constant rate of pumping using a metronome.
Utilising different sized Dbulbs, injecting different
aliquot volumes of air, provides for further variation.
This further lessens the ability of a subject intent on
fabricating disability and hiding that intent.

Use of the invention will now be described with
reference to the two embodiments (a) using a constant
volume chamber where there 1s incremental pressure
increase without any loss through a valve outlet, and (b)
using a configuration which achieves a steady pressure
state (ie work against constant pressure) with air loss
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through either a constant pressure valve or a variable
bleed valve. It is to be noted that although air is the
gas commonly used in the apparatus, other gase can be
effectively used.

In the first of these embodiments only pressure is
measured and a mathematical calculation of a "volume
equivalent pressure" is made. The user repeatedly pumps
or squeezes the bulb to vent it and both the pressure of
and time at the beginning and end of each evacuation or
cycle is recorded. The process can continue until a
predetermined pressure is reached or until the user is
unable to continue pumping.

The system then calculates the average pressure of
each cycle, the pressure increase achieved in each cycle
and the equivalent volume of that pressure increase.
The volume equivalent pressure is the product of the
pressure increase and the volume of the chamber. With
pressure stated in millimetres of mercury, the Rosendahl
equivalent volume (REV) can be standardised to a one
litre capacity chamber and then expressed arbitrarily as
the REV (expressed in mils). For chambers of wvarying
volume the eguivalent volume per cycle is calculated by
multiplying the pressure increase recorded in a cycle by
the volume of the chamber (in litres). The work done
during each cycle is the product of the average pressure
during that cycle and the equivalent volume. Work can be
expressed arbitrarily in RWUs (Rosendahl work units).

The duration of each cycle is determined from the
time measurements and the rate of doing work in each
cycle is calculated by dividing the work done in each
cycle by the duration of the cycle (in seconds). The
rate of doing work can be expressed arbitrarily in RPUs
(Rosendahl power units).

In another embodiment the assessment instrument can
be calibrated in SI units, pressure being measured in
pascals, volume in litres, force in newtons, power in
watts (oxr any convenient numerical derivative of these).
For example the pressure is conveniently measured in
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kilopascals, the volume in millilitres. This provides a
more ready comparison between assessments made using the
pressure increase in the constant volume chamber and the
flow through a pressure release valve.

In the embodiment that utilises a variable bleed or
constant pressure vent valve, the analyst can control the
valve so0 that the user establishes during successive
cycles a substantially constant pressure in the high
pressure line, which with the variable bleed valve will -
and with the constant pressure vent valve may - include a
constant pressure chamber. (To achieve the goal of
constant pressure with the wvariable bleed valve there is
a requirement that the subject maintain a constant
pumping rate and eject the same volume of gas from the
pneumatic reservoir in each pump cycle. There are no
such reguirements with the use of the constant pressure
vent valve.) The system measures the pressure in the
high pressure system, and the volume of air bled or
vented from the variable bleed or constant pressure vent
valve - or entered into the collapsible hand reservoir -
over time, or per cycle time, or per pump duration and
rest duration, or per aligquots of each, and the
calculations are then made as described above. However,
it will be appreciated that the volume measurements axe
real rather than of "volume equivalent pressure".

Sample measurements and calculations are illustrated
in FIG 7 and FIGS 8A-C shows a graphic display of the
results in which equivalent volume (including pump phase
duration and recovery phase duration), work done and rate
of doing work are plotted against an axis of increasing
pressure.

The results were obtained from prototype
apparatus, utilising a large sphygmomanometer dial, three
bottles of volumes 600ml, 1.25 litres and 2 litres
respectively serving as a separate constant volume
chambers, and a sphygmomanometer pump bulb adapted by
inserting anotherxr back valve from another
sphygmomanometer bulb into a length o©of xubber tubing,
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inserting this into the bulb end from which the variable’
flow release wvalve has been removed, and taping it
securely into position, all these components being
connected by lengths of rubber tubing. As the test is
being performed the dial of the sphygmomanometer is
videoed. Adjacent to the sphygmomanometer dial is a
large LED display with timing circuits that displays
three numeric LEDs, one cycling from zero to nine in one
second intervals, the second cycling from zero to nine in
one tenth second intervals, and the third éycling Lrom
zero to nine in one hundredth second intervals.

The data of time and pressure can then be
conveniently read from selected frames of the video, a
jog shuttle being used to find the start of the pump
phase when the sphygmomanometer needle begins to move as
further air is injected into the constant wvolume chamber,
the start of the recovery phase being the time instant
when the needle stops moving. The pressures are read
directly off the dial.

“-  For each cycle these parameters are entered into the
data columns of the prepared spreadsheet.

The first row of the spreadsheet already has
appropriate formulae prepared (the formulae are stated in
spreadsheet form on the sample tabulation). These
formulae are simply copied down for the number of pump
cycles for which data has been abstracted from the video.

Seven specific parameters are graphed. The duration
of the pump phase and the duration of the recovery phase
of each pump cycle (in each 1/100 second) the inverse of
the total cycle duration (the cycle frequency), the real
volume, equivalent real volume (adjusted to unit constant
volume vessel <wvolume) or calculated volume equivalent
pressure, the work performed, the rate of doing work, and
the volumetric shortening velocity.

These are graphed as a "scattergram", the x co-
ordinate being the average pressure achieved in each pump
cycle as calculated by the spreadsheet.

The normal graph can be derived from some simple
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empirical observations. The normal adult male and female
medical practitioner is able to pump to 300mm Hg rapidly
and without trouble when measure blood pressures. A rate
of three pump c¢ycles per second can be maintained to this
pressure. The larger the wvolume of the constant volume
chamber, the more pump cycles are required to reach the
pressure of 300mm Hg which is the standard cut-off point
of pressure readings when taking blood pressure.

In the example illustrated a 600 mil chamber was
utilised, the maximum pressure being obtained over ten
pump cycles, nine of which are graphed. The duration of
the pump phase was 8-10 one hundredths of a second, the
duration of the recovery phase about 26-30 one hundredths
of a second, the REV falling from about 20mil to about
15mil (as the pressure increases the "ejection fraction"
diminishes) . Nevertheless, the graph clearly
demonstrates work performance in excess of 5000RWU at
300mm Hg, and a power approaching 12000RPU at that
pressure.

In the example described as "early deterioration", a
2 litre constant volume chamber was utilised. This
provides for many more pump cycles (a' total of 67 in
all). The duration of the pump phase was unaltered from
8-10 seconds, and remained constant for the 67 pumps.
The duration of the recovery phase was also maintained,
the patient maintaining rhythm with a metronome set at
180 beats per minute however the REV was always less than
20mil, and at a pressure of 125mm Hg began to fade away,
being less than 10mil from 170mm Hg onwards.

In attempting to maintain the rate set by the
metronome, the patient only partially emptied the hand-
bulb. With the reduction in the volume achieved the work
performed never exceeded 2000RWU, even though the full
pressure of 300mm Hg was obtained. Because the speed of
pumping was maintained, the rate of doing work exceeded
the numerical wvalue of the work performed by a factor in
excess of two, however a plateau is clearly seen
developing at about 125mm Hg pressure, and there is only
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one power reading in excess of S5000RPU.

The appearance of a dip and then a gradual increase
from about 200mm Hg reflects the encouragement given to
the patient from that pressure.

In the example entitled "major weakness" the patient
was unable to obtain a pressure greater than 150mm Hg.
The patient reported being fatigued and chose to stop
despite encouragement. The duration of the pump phase
remained relatively constant, but at a longer duration of
close to 20 one hundredths of a second and the duration
of the recovery phase increased from 40 one hundredths of
a second to almost 80 one hundredths of a second over the
duration of the test. The equivalent volume achieved was
the maximum available at low pressures, but began to
reduce gradually towards the end of the trial. The work
performed was only marginally greater than 2000RWU at
140mm Hg pressure, while the rate of doing work began to
decline on account of the increased recovery time at that
pressure. The subject was not able to perform a pump
cycle at any stage of the test in less than one half of a
second, and by the time the trial was concluded at 140mm
Hg, the pump cycle regquired a full second to complete.

In comparison to the stage of "early deterioration”,
the state of "major weakness" is evident from a failure
to achieve a pressure of 300mm Hg, the reduction in speed
of the pumping cycle from the very beginning to a rate no
greater than 2 cycles per second, and a further reduction
in that rate, the increase in time being found to occur
in the recovery phase of the pump cycle.

While this, as it stands, could be seen to be the
graph obtained from a person deliberately feigning
weakness, further tests performed with different volumes
of the constant volume chamber, different sizes of hand-
pump bulbs (especially where a limp flexible bladder is
used to eliminate the error inherent in the resilient
bulb) and, without the subject knowing it, the wventing
off of air about 100mm Hg pressure should enable the
tester to determine whether a person's complaint of major
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weakness, resulting in the obsexved inability to achieve
2 hand-bulb pressure Jgreater than 140mm Hg, and with a
gradual increase in the duration of the recovery time,
was consistently demonstrated in the various tests that
can be performed.

The maximum power achieved by the repetitive
exhaustion of the hand' pump bulb is in principle
independent of the mechanism and configuration of the
mechanism used to measure it. Consequently, confirmatory
evidence can be obtained that a subject has worked with
maximal exertion in several tests by demonstrating
equivalent values of maximum power by testing with
differing volumes of the hand pump bulb or the constant
volume chamber, or with differing speed of pumping.

The present invention c¢an be utilised in the
clinical testing of persons claiming significant loss of
grip strength and the ability to perform work with the
hand(s), in medical, occupational health, and pre-
employment assessments.

As with blood pressure measuremeiits, variability of
results in one patient from test to test and from day to
day 1is expected. However (as with blood pressure)
certain norms will be able to be established as expected
in a normal healthy adult male or female, and readings
outside these expected norms will be a reason for closer
study and further evaluation. Marked difference £from
these norms can be considered abnoxmal, and specific
analysis and characterisation of those abnormalities can
be made. )

FIGS 9 to 26 illustrate graphical presentations
available with the present invention to assist in
diagnostic evaluation.

As was defined previously, the present invention
relates not only to a measurement assembly foxr and a
method of measuring the strength of a user, but also
relates to a method of treatment of patients having
muscle weakness.

It is known that persons having reduced muscle
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cause, benefit physiologically from an exercise regime
varying from mild in the case of severe disorder to
moderate to heavy as the condition improves, especially
where work is actually being performed. Although in the
case of RSI there is debate as to what level of pain, if
any, exercising should be taken, it is generally agreed
that a patient should not work at or beyond a level that
causes more than mild pain. The incremental or constant
nature of the exercise afforded by the present invention
allows the patient to thus effectively control the
exercise regime in this regard.

Moreover the invention has an important
psychological benefit. Persons suffering from
occupational overuse syndrome, cumulative  trauma

disorder or RSI frequeritly become depressed not only
because of slow recovery which may take a number of
years, but also because severe bouts of pain can
frequently re-occur which can mask the fact that there
may have been a significant improvement in the disability
threshold. This depression has a direct adverse impact
on the physical condition which is made worse by tgnsion.

In this regard the present invention serves a most
useful purpose in displaying to the patient empirical
evidence that progress is being maintained in spite of
re-occurrence of pain even at a level as severe as
previously.

In use in this aspect of the invention, the
repeated evacuation of the bulb at an appropriate set
pressure provides an exercise regime at a level
conditional wupon the patient's condition in that the
patient works to his or her 1level of comfort, pain and
disability. As the threshold 1level of the condition
improves the exercise regime strengthens and importantly,
the patient receives positive feedback by way of seeing
the graphically displayed results which compare
favourably with the results at an earlier period of the
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condition when the threshold 1level was worse. This
encourages the patient at times when pain zregressions
mask the fact of overall and continuing improvement and
lessen the potential for the patient to become depressed.

It will be appreciated that the apparatus and method
of the present invention pneumatically measures grip
strength, grip work and rate of grip work per pneumatic
pump cycle. Grip work is measured by computing the
product of pressure and volume and uses that computation
of grip work, divided by the time taken for each work
cycle, to compute the rate of doing grip work per cycle.
By calculating the "equivalent volume" from the pressure
excursion obtained in each single pump cycle there is no
requirement for volume measurement in the calculation of
grip work when wusing the constant volume chamber.
Simulation of constant pressure testing at constant
pumping rates 1is possible when using a fixed volume
chamber by the provision of a variable aperture flow
release valve, ie variable bleed valve.

As well as strength, work, and work-rate parameters,
the present invention provides a measure of muscle
shortening and relengthening velocity, both as an average
for each pump c¢ycle, and plotted at short time intexrvals
during any specific pump duration and recovery duration.
The muscle shortening information (including both an
average shortening velocity for each pump cycle and an
"instantaneous" shortening velocity plotted at short time
intervals for a given pump cycle) can be derived from the
total increase in pressure occurring in a pump duration,
and by measuring the increments in pressure occurring
over short time periods (as for example 10 millisecond
intervals) during a pump duration.

This is achieved by setting a low volume for the
constant volume chamber to thereby provide for large
pressure increments in each pump cycle.

The average relengthening velocity and the
incremental relengthening velocity are indicated by the
average flow rate and the incremental flow rate of air
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from the source of positive pressure used to re-inflate a
limp collapsible hand pump " bladder in the recovery
duration of a pump cycle.

This provides a valuable measure of the rapidity
with which the hand can return to the start position to
begin a new pump cycle.

The testing device of the present invention can
measure pressures substantially greater than that
available with a sphygmomanometer, and the testing
process can be continued until the maximum pressure is
reached (ie the person can no longer force air from the
hand pump bulb into the constant volume chamber), or the
subject stops on account of the severity of the pain
induced by the attempt.

In adult females pressures up to 100 kilopascals can
commonly be attained. 1In males maximum pressures from 80
to 150 kilopascals can be attained. The upper levels of
pressure attained by each gender is achieved by persons
who are well-muscled and in training.

The extension of the test into the higher pressure
range provides for a completion of the relevant
parameters.

It is observed that in the normal person:

(2) The pump duration tends to continue at the same
value until the very end of the attempt when it
increases substantially.

(b) If a person is instructed to pump as rapidly as they
can, and the collapsible reservoir does not limit
the speed of the recovery duration, recovery
duration initially is constant. However, once the
pressure load at maximum power output is attained,
the recovery duration tends to increase, slowly at
first, then more rapidly.

{(¢) In the embodiments illustrated the volume injected
reduces slowly from the beginning but starts to fade
rapidly once maximal power has been achieved.

(d) The work achieved per cycle peaks at the point where
the person can only just continue to fully empty the
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bulb. After that stage as the capacity to empty the

bulb diminishes the work performed also diminishes.

(e} The power output peaks at a point related to the
peak of work performed per pump c¢ycle, but also
starts to diminish as the total cycle duration
lengthens.

(f) The shortening velocity starts at a high 1level,
reduces slowly as the load increases, and reduces
rapidly after maximal power is achieved.

Thus a relatively standard set of curves can be
provided for each test which can be interpreted as normal
or abnormal depending on the specific wvalues achieved
with each parameter.

The present invention furthermore allows a series of
tests to be performed for each hand, by changing the
variables of volume of the hand pump bulb, volume of the
constant volume chamber, speed of pumping, or varying
from a constant volume to a set pressure technique.

For clinical purposes the variation of the
parameters will be controlled by the testing- physician.
However in an alternative embodiment not illustrated, the
present invention allows for non-clinical testing which
is common for medico-legal work or where a less skilled
person is conducting the test. In this arrangement
variation of the parameters for a sequence of tests can
be controlled by a program within the connected computer.

This option can also of course be utilised for
clinical testing and with this embodiment, not even the
person who is conducting the test may be able to give, by
voluntary or involuntary cues, any indication of the
settings of the test process controlled from within the

computexr.
The invention has a number of advantages over known
methods and apparatus for assessing strength. These

include the following:-

The present invention can assess muscular strength,
endurance, work performed, power generated, the
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speed of contraction of the muscle system,
disability of muscle action, and it is believed
susceptibility to the onset of upper limb disability
(and pain) precipitated by repetitive hand grasp or
finger action.

Attempted maximal isometric grasp using known
equipment typically precipitates severe neuropathic
pain and decreased grip strength in persons with RSI
which pain can then last for minutes, hours or days.
Persons claiming this disorder do not like
attempting this test on known egquipment, and the
results obtained using known equipment are commonly
disputed. The incremental approach of the present
invention  substantially lessens the risk of
precipitating these adverse effects, nevertheless
providing meaningful and useful results.

The present invention provides the means for the
hand to “-perform formal incremental work by
repeatedly squeezing a bulb to partially empty it of
air, the air being forced intoc a constant volume
chamber or through a constant pressure valve. The
work done in each cycle is the product of the wvolume
pumped and pressure against which the air is forced,
either through the constant pressure valve or
present in the constant volume chamber.

The present invention in one embodiment allows for
precise measurement of grip strength by the use of
the adjustable constant pressure relief wvalve. A
target level of pressure is set and the ability of
the hand to meet this target level is assessed. The
target level can be incrementally increased or
decreased at will by the analyst. In this
embodiment the means to test grip strength and grip
endurance are independent of each other.
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The present invention allows for the performance and
testing of both repetitive constant work locad and
incremental work load.

Testing of grip strength, grip work and rate of grip
work with the present invention gives results which
are accurate at low values.

The present invention provides a number of
independent ways to assess the possibility of a
subject attempting to feign disability by perversely
simulating maximal effort. These include

(1) control and variation of threshold valve
pressure which is unknown to the subject,

(2) control and wvariation of the volume of the
"fixed" volume version which is unknown to the
subject,

(3) the substitution of different veolume hand
bulbs, so varying the maximum injection wvolume
and the effective grasp leverage the hand can
apply in pump injection,

(4) the wvariation of more than one of these
parameters between tegts, and

(5) by assessing the power output of the hand at
different set cycle rates, by asking the
subject to as fully possible empty the hand
pump bulb or collapsible reservoir, at the same
time maintaining the pumping rate set by a
metronome device. When reasonable pumping
rates are set, and there is no evidence of
primary muscular incoordination, the maximum
power output developed and demonstrated in each
test should be reasonably similar, and as the
pumping rate is increased, the maximum power
output should be achieved at a lower pressure
load.

It will of course be realised that whilst the above

has been given by way of an illustrative example of this
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invention, all such and other modifications and
variations hereto, as would be apparent to ﬁersons
skilled in the art, are deemed to fall within the bxroad
scope and ambit of this invention as is herein set forth,

Thus for example, the apparatus of the present
invention could also include computational means for
conducting a test sequence independent of an analyst to
thereby obtain a demonstrably objective and unbiased
result. The fluid in the resexrvoir means can be a liquid
as well as a gas. The graphical presentation obtained by
the computational means could be of contraction time,
recovery time, cycle frequency and pump volume (or volume
equivalent pressure) plotted against load (average cycle
pressure) . The graphical presentation derived by the
computational means could also be in respect of work
performed, power achieved and volumetric shortening
velocity plotted against load (average cycle pressure). _
Furthermore, the graphical presentation of the specific
parameters calculated or derived by the computational
means, can be presented either as an average for each
complete pump cycle, or as interval measures within a
cycle for brief (almost instantaneous) aliquots of time.

It will also be appreciated that because exercise
apparatus and sports training equipment is often operated
hydraulically, the apparatus of the present invention may
be incorporated therein, with either gas or liquid fluid
in the reservoir, whereby the parameters of work

performed and power generated can be calculated and

AMENDED SHEET - IPEA/AU
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displayed for each action cycle. The invention may be
incorporated in the exercise apparatus and sports
training equipment either initially upon manufacture or

by retrofitting to existing apparatus and equipment.

AMENDED SHEET - IPEA/AU
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The claims defining the invention are as follows:-

1. An apparatus for assessing a user's strength, said apparatus including:-

a deformable reservoir for venting by the user by deformatlon thereof
during a testing sequence of repeated ventings;

meastiring means operatively connected to said reservoir for measuring
parameters indicative of at least one of strength, work, work rate and speed of
muscle contraction of the usér associated with evacuation of sald reservoir
during the tesfing sequence, and

display means operatively connected to sald measuring means for
displaying said indicative parameters,

2. An apparatus as claimed in Clalm 1, wherein said deformable reservoir is
pneumatic.

3. An apparatus as claimed in Claim 2, wherein sald pneumatic reservoir is
a resilent bladder adapted to resile from a deflated configuration after
evacuation to an inflated configuration for re-evacuation.

4, An apparatus as claimed In Claim 2, wherein said pneumatic reservoir is
a limp collapsible bladder, and the apparatus includes a scurce of positive
pressure to re-inflate said bladder from a deflated configuration after evacuation
to an inflated configuration for re-evacuation,

5. An apparatus as cleimed in Clalm 2, sald apparatus including a constant
volume chamber pneumatically connected to said pneumatic reservolir;

wherein sald measuring means includes means for measuring the
pressure in said constant volume chamber,

8. An apparatus as claimed in Claim 2, said épparatus inciuding a constant
pressure valve operable at a predetermined pressure and pnheumatically
connected to said pneumatic reservoir to thereby define the pressure to be
exceeded bafore said pneumatic reservoir can be vented;
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wherein sald measuring means Inciudes means for measuring the
volume of air expelled from constant pressure valve,

7. An apparatus as claimed in Claim 5, wherein the volume of said constant
volume chamber is selectively variable,

8. An apparatus as claimed In Claim 6, whersin the operating pressure of
said constant pressure valva is selectively variable.

9. An apparatus as claimed in Claim 8, wherein said measuring means
includes means for measuring the pressure at which sald constant pressure
valve operates.

10. An apparatus as claimsd In Ciaim 1, whersin sald measuring means
includes means for measuring the time at the beginning and end of each
pvacuation and the duration of each evacuation and the Interval between

evacuations.

11,  An apparatus as claimed in Claim 10, wherein said measuring means
includes means for calculating parameters indicativa of strength, work, work rate
and speed of muscle contraction of the user.

12, An apparatus as claimed in Claim 5, wherein said constant volume
chamber includes a variable bleed valve 1o selectively vary the pressure In the
constant volume chamber such that the pressure therein remains substantially
constant after each successive evacuation thereof.

13. An apparatus as claimed in Claim 12, wherein sald measuring means

includes:-
means to measure the pressure at which said constant pressure valve

operates, and
means for controlling the pressure at which sald constant pressure

operates or 1o vary the setting of sald variable bleed valve.
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14.  An apparatus as claimed in Claim 13, and including means for controlling
the volume of said constant volume chamber, andfor means for controlling tha
initial pressure of sald constant volume chamber, and/or means for controlling
the pressure of a positive pressure source for supply to a limp collapsible
bladder.

18, An apparatus as claimed in Claim 5, said apparatus including means for
generating pressure to selectively contral the inhiial pressure in said constant
volume chamber.

16. An apparatus as claimed In Claim 1, said apparatus including non-retum
valves located at the inlet and outlet of sald pneumatic reservoir, said non-retum
valvas respectively preventing reflux of a gas from the pneumatic reservoir when
operated by a user and preventing reflux of gas from the constant volumse
chamber to the reservoir after operation of the reservoir by the user.

17.  An apparatus as claimed in Claim 1, said apparatus including means for
indicating time intervals to a user.

18,  An apparatus as claimed In Claim 17, whereln said time intervals are

timings of muscle contraction.

18. A method of comparatively assessing the strength of a user, said method

comprising the steps of:-
causing the user to repeatedly vent a deformable reservoir during a

testing sequence of repeated ventings;
measuring parameters indicative of at least one of strength, wark, work

rate and speed of muscle contraction of the user in repeatedly venting the

reservoir during the testing sequence, and
displaying indications of strength, work, work rate and speed of muscle

contraction thus measured in comparison with a norm.

20. A method of treatment of patients having muscle weakness, said method
comprising the steps of:~
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causing the patient to repeatedly vent a deformable reservoir during a
testing sequence of repeated ventings to provide a beneficlal physiclogical
effect for the patient;

measuring parameters Indicative of at least ona of strength, work, work
rate and speed of muscle contraction of the patient in repeatedly venting the
reservoir during the testing sequence, and

displaying to the patient indications of strength, work, work rate and
speed of muscle contraction thus mezsured in comparison with previous
patient's indlcations to provide a beneflclal psychological effect for the patient.

21, A method of monktoring the state of weakness and clinical improvement
of a patient having muscle weakness, said method comprising the steps of:-
" causing the patient to repeatadly vent a deformable reservoir during a

testing sequence of repeated ventings;

measuring parameters Indicative of at least one of strength, work, work
rate and speed of muscle contraction of the patient In repeatedly venting the
reservoir during the testing sequence, and

displaying indications of strength, work, work rate and speed of muscle

contraction thus measured in comparison with a norm,

22. An apparatus as claimed in Claim 1, said apparatus inciuding
computational means for conducting a test sequence independent of an
analyst to thereby obtain a demonstrably objective and unbiased result; wherein
the Fluid in the reservoir Is a liquid and not a gas; wherein the graphical
presentation obtained by the computational means ls of contraction time,
recovery time, cycle frequency and pump volume (or volume equivalent
pressure) plotted against load- (average cycle pressure); wherein the graphical
presentation derived by the computational means is in respect of work
performed, power achieved and volumetric shortening velocily plotted against

load (average cycle pressure); whergin the graphical presentation of the specific
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parameters calculated or derived by the computational means, is presented
either as an average for each complete pump cycle, or as interval measures
within a cycle for brief (almost instantaneous) aliquots of time; and wherein the
apparatus is incorporated in hydraulically operated exercise apparatus and
sports training equipment either initially upon manufacture or by refrofitting to
existing apparatus and equipment, with either gas or liquid fiuid In the reservoir,
whereby the parameters of work performed and power generated can be

calculated and displayed for each action cycle.



