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ABSTRACT

THE DEVELOPMENT OF A
MICROCOMPUTER CONTRCLLED HAND
ASSESSMENT SYSTEM FOR QUANTITATIVE

CLINICAL MEASUREMENT

by

Alan Robert Jones B.Sc., M.Sc.

Quantitative hand assessments are necessarv in order to not only
accurately monitor the disease progress and the effect of therapy,
but in the formulation of the therapy and as an aid to a closer
understanding of the disease process., Current assessments are very
subjective, being based on observations of everyday activities
e.g. button fastening or using a knife and fork. Any measurements
that are taken, e.g. arip 'strength' using an inflated cuff, are
generally inaccurate, |

An objective assessment was formulated and constructed using
strain-gauged measuring devices that were a blend of functional and
strength tasks. The functional tasks included the measurement of the
handle grip and lifting forces in pan and kettle lifting and the
measurement of torque in key turning and cloth wringing out tasks.
Strength measurements included power grip strength, which also gave
the individual finger contribution, pulp and lateral pinch and the
extension force,

For ease of operation, the measurement devices were all linked
via necessary electronic circuitry to a microcomputer. This was
used to automatically select the required device, collect the data

and calculate, display and store the results. The software provided

a user friendly interaction to permit operation by non-technical



staff without the need for excessive training.

A preliminary investigation, which involved measuring patients
at reqular intervals, indicated the system's capahility of
monitoring chanaes in patient performance. Changes were most
evident in results pre- and post-injection, pre- and post-operative
and in between hands in patients with unilateral disorders,

The svstem also enables a closer insnection of finger

contribution and in the techniques used in pan and kettle lifting.
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INTRODUCTION

The hand is arguably one of the most important features of the
human body. It is an interface by which information is transferred
from the body to the environment and vice versa. The hand is
connected to the trunk of the body via the wrist, elbow and shoulder
joints. This articular network ensures that the hand can be placed
with great accuracy and stability into any part of a large volume
around the body. This enables many diverse functions to be performed
including feeding, sensing, using and making tools, grooming,
gesture, attack and defence,

The complex structure of the hand and wrist is indicated by the
outline drawing, in Figure 1.1., of the hand and wrist in which the
bones and joints are detailed. 1In total there are twenty seven
bones, eight of which are found in the wrist. Seven of these are
packed together in two rows to form the intercarpal joint. This
joint allows a small amount of sliding movement between adjacent
bones, but primarily it allows movement between the two rows. This
movement plays a large part in the flexion and abduction (radial
deviation) of the wrist.

The carpometacarpal joint of the thumb, being a saddle joint,
allows flexion, extension, adduction, abduction and rotation of the
thumb., It is this range of movement that makes possible thumb
opposition, the contact between the pad of the thumb and the pads of
the fingers. The carpometacarpal joints of the fingers allow only
limited movement. )

The metacarpophalangeal joints are almost spherical and allow
flexion, extension, adduction, abduction and circumduction of the
fingers. The interphalangeal joints are hinge joints only allowing

flexion and extension.

22,



23

MCP

FIGURE 1.1+ Skeleton of the hand
KEY: =
FINGERS
1,Z,B,E,S-Thumb,Index,Middle,Ring,Little

BONES

D-Distal Phalanges
M=Medial Phalanges
P-Proximal Phalanges
MC-Metacarpals
P-Pisiform
TQ=-Triquetrum
H-Hamate
C-Capitate
T-Trapezoid
TP=-Trapezium
S-Scaphoid
L-Lunate

JOINTS

DIP-Distal Interphalangeal
PIP-Proximal Interphalangeal
MCP-Metacarpophalangeal
CMC-Carpometacarpal
MC-Midcarpal

Carpal Bones
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In order to achieve full control of these articulations, an even
more complex arrangement of muscles is required. 1In total, there are
thirty four muscles which are responsible for the movement of the
joints in the hand and wrist. Just under half of these, the
extrinsic muscles, originate from the forearm. The others, the
intrinsic muscles, originate from within the hand and wrist
structure.

The combination of bones, joints and muscles gives a very
versatile prehensile (gripping) organ. The joints and musculature
allow the hand to mould itself to an object and to move objects,
using a variety of handling grips. These range from a simple finger
pinch to a power grip in which the hand envelopes the object.

Napier (1963) classified the prehensile movement of the hands into
power grip and precision grip. Power grip is where an object is
clamped into the palm of the hand by flexed fingers and the thumb.
Precision grip is where an object is held between the pulps of the
fingers and thumb in a pinch type posture. Napier also stated that
it is the nature of the task to be performed that determines the hand
posture and not the shape of the object to be held.

Power qrip is a cliniéal term, power being used as an adjective
to indicate the presence of large forces. The scientific definition
of power is the rate of doing work, where work is equal to the force
applied to an object multiplied by the distance the object is moved
in the direction of the force. However, since most hand grips are
static, no movement is involved, therefore no work is done and hence
there can be no power. Therefore, power grip is a misnomer unless it
applies to a dynamic situation. Since it is widely used clinically,
we shall continue to use it here, though its clinical definition

should not be confused with the scientific one.
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The great versatility of the hand can be attributed to the
ability of tﬂe thumb to oppose the pulps of each finger. The thumb
provides the mobility necessary for precise movements while in power
movements it provides one jaw of a vice, the fingers providing
the other.

Providing such a versatile organ means that there is a large
interdependence between different hand parts. For instance, no
joint can actively move in isolation. Each movement causes the
flexion or extension of other joints thereby forming a chain of
articulation. This interdependence is the result of the combination
of muscles required to execute a movement. Only the index finger has
any independence because it is the only finger to have any
independent muscles. FEven simple flexion and extension of the
fingers involve a combination of muscle activity. Basically, this is
the svnergistic effect of the flexor and extensor muscles. To flex
the finger the extensor must extend as the flexor contracts and
vice versa if extension is required.

The complexity and versatility of the hand make it very
susceptable to injury, the most minor of which can result in a large
reduction in the hands' functional capability. For instance, even a
glight scratch is instantly noticeable, and if it happens to be on
the touch sensitive parts of the finger pulps, feels like a large cut
and makes any grip much more difficult and awkward. This also
introduces another aspect of the hand, its unconscious control. Most
of the time the hand is used without effort as no conscious thought
needs to be applied to achieve its chosen task., For example, how
often are objects misplaced because their actual placement cannot be
remembered?

Unfortunately, external injuries are not the only source of
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problems to the hand. There are several systemic diseases that
affect the whole hand. Rheumatoid arthritis is one of these. This
is an insiduous chronic disease which starts in the peripheral

joints as a general wgakness with aching and stiffness. This leads
to joint inflammation with accompanving pain, redness, warmth and
tenderness., The disease spreads to other body joints e.g. the wrists,
elbows, hips, knees and ankles. The progress of the disease is not
steady, but punctuated with remissions and exacerbations of
indefinate periods, over perhaps many years. There are also other
systemic manifestations of the disease such as small areas of
necrosis on the finger tips, chronic leg ulcers; anaemia, enlargement
of lymph nodes etc.

Chronic joint inflammation can lead to destruction of the
articular cartilage leaving bare bone, Connective tissue, either
fibrous or bony, can then develop between the bare surfaces leading
to a solid bridging (ankylosis) and joint immobility. The
inflammation also leads to joint instability by weakening the
supporting structures (i.e. tendons and ligaments). This can
sometimes lead to joint dislocation or subluxation as the muscles
change their line of action.

Degenerative joint disease (osteoarthrosis) is another disease
which can affect hands, It is the destruction of joint cartilage and
the formation of bony projections in the joint, causing discomfort,
pain and loss of movement. The cause of the disease is not fully
understood., Traditionally it was thought to be a mechanical
condition affecting the joints subject to most stresses and an
inherant aspect of the ageing process. However, recent findings
(Huskisson et al. 1979) suggest a metabolic abnormality causing a

degradation of the cartilage, with a mineral deposition in the



joint and inflammation.

Treatment of these diseases can only ease the pain and reduce
the inflammation. In some instances surgical intervention can help
to restore some degree of function. No cure has been found for
rheumatoid arthritis and as yet its cause is unknown. Treatment in
most cases involves analgesic and anti-inflammatory medication
together with physical therapy. Physical therapy involves exercise
and splinting to attempt to reduce the effect of joint instability.
Education is also part of physical therapy, showing patients how to
use their hands defensively. Several daily activities use hand
positions or forces that can encourage deformitv., The patients are
shown other methods of using the hand to do the same task, thus
slowina down the rate of deformation. For any treatment to be
successful, an accurate assessment of the body or organ bheing
treated is required at regular intervals. If functional changes are
observed, the treatment can be modified accordingly. The assessment
must be capable of use for all hand injuries and disease. The
diseases above are only mentioned because they form the larger
rroportion of cases. There are still a significant proportion of
industrial and all the other types of injuries that require a
continual assessment to monitor recovery,

The versatility of the hand makes the classification of an
assessment routine difficult, Since the hand is used in so many
different ways, with so many orientations, it would be impossible to
test every position. Even individual muscles cannot be assessed
because a number of muscles are involved in each movement. .The
purpose of an assessment would be to evaluate the condition of a
patient's hand. Primarily, this must be concerned with how that han

is functioning. Therefore, a means of quantifying hand function is
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required., The assessment should also be capable of measuring
localised dvsfunction and to qgive an indication of the cause of the
dysfunction. Another necessary attribute is objectivity.
Measurement of any parameter should be performed in such a way that
subjective factors are reduced as much as possihle, thus minimising
inter-observer variation.

Hand function itself is subjective. Every person would describe
their hand function differently, depending on their occupation and
daily activities. 1In this respect a hand assessment should be
flexible enough to aécommodate different activities of daily living
(ADL). However, there must be some limit. Purely suhjective
assessment of ADL's, hy observing subjects while they perform the
task, would reveal only that the patient had difficulty in performing
the task. No accurate measure of the difficulty would be obtained.
Careful observation miaht reveal the cause of any dysfunction,; but
generally it is only the effect of the dysfunction that is assessed.

To be ohjective, an assessment task must involve some
measurable parameter. This must be measured accurately using a
specially designed transducer and must not rely unon observable
phenomena. The most obvious parameter is the force applied by the
hand, in performing various tasks. Other parameters could be joint
stiffness or the range of joint motion. Because of the number of
joints, these would provide a lot of data, the consequences of which
would not be instantly obvious. They would not give a measure of
function, but would measure the disease progress.

Grip 'strength' has regularly been assessed using inflated
sphygmomanometer cuffs. However, as discussed later,; these only
measure a change of pressure and not the applied force. This could

be improved and extended to encompass a blend of strength and function



tasks such as pinch force measurement and the measurement of the
torque applied to turn a key,

With an objective assessment, if the measurements obtained
proved suitable, i.e. they proved sensitive to changes in patient
per formance, an accurate monitor of the patient's capability would be
obtained. An objective assessment would give a greater confidence in
the selection of treatment whether medical, surgical or physical.
Regular monitoring would ensure a quicker realisation of the disease
process and the effect of the treatment given. Depending on the
results, the treatment could then be altered to allow a more
effective recovery of function. In some cases this would speed up
patient recovery making for a quicker return to everyday activities
e.g. work,

Based on these criteria an assessment routine was formulated,
and measuring devices, that were a blend of functional and strength
tasks were built. The functional tasks included were pan and kettle
lifting, key turning and wringing out a cloth. Total grip strength,
including the strength of the individual fingers, pulp pinch, lateral
pinch and extension force were the strength tasks. These were all
chosen for their relative simplicity as well as their functional
differences, The functional tasks involved three different handling
technique using the full hand. In the tasks using the pan and kettle
it would be possible to measure the force applied by the hand during
the 1ift and to measure the lifting force itself., The strength
tasks could be used to identify isolated dysfunction. For example,
finger problems could be highlighted by the power grip, pulp ninch or
extension tasks, while the lateral pinch could highlight
thumb problems.

All the measurements need to involve maximal effort so that the

29,



full capability of the natient is measured. This is not tvpical of
ADL's, but it would not be practical to suggest that the subject
applied a similar effort to that they would apply at home.

Finally, the measuring devices were linked to a microcomputer
which displaved all the necessary results. This removed the reed for
dials and nauges for the observer to read and reduced the time of
each task thereby reducing patient fatigue. Using the microcomputer
the only variahle in operation became the subject, therefore the
svstem was operator indenendent.

This thesis describes the assessment routine and gives the
results of a preliminary investigation into its capability as a

monitor of hand function.
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LITERATURE REVIEW

The literature could be divided conveniently into
four sections:-
i) General comments on hand assessment
ii) Functional assessment routines

iii) Grip measurement
iv) Miscellaneous hand assessments

2.1. General Background

Dumont (1968) gave a description of the treatment given to a
rheumatoid hand when referred to occupational therapy., Grip was
tested using an aneroid sphygmomanometer and gripping ability was
assessed by how the patient managed with everyday objects e.g. knife
and tumbler of liquid. The treatment given depended on the grip
test and involved different activities, from cord knotting to
weaving, for the patient to carry out.

Ansell (1968) stated the importance of assessing individual
Jjoints at regular intervals and to consider the function of the hand,
as a whole, in order to see the effect of the disease process. An
assessment was described that involved a full clinical examination
with measurements of range of joint motion and grip. A ruler was
used to measure the former, distance from pulp of finger to palm,
and a sphygmomanometer cuff, inflated to 20 mm of mercury, for the
latter. The use of photography, cinematography and radiological
appraisal were also included. Functional tests, such as picking up
objects or unfastening jam jar lids, were also performed, but these
were tailored to the needs of the patient. It was required that the
assessment be carried out pre-operative,; pre-, six and twelve months
post-discharge with an annual follow up thereafter.

General guidelines to hand function assessment were given by
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Cantrell (1975). The need for an accurate description of the hand,
especially in diagnosis and the transfer of information was stressed.
This was to enable more accurate comparisons between follow up
assessments and so that the patient could see their progress. In
addition there should be an accurate method of describing how the
hand functions. The noint was stressed that it was more important
to know what the patient was capable of rather than the physical
appearance of the hand and how this differed from the classical
medical description. An assessment was described involving clinical
examination such as joint movement and grip testing (using an
inflated cuff). An occupational functional assessment was also
included to see how the patient coped with everyday activities,

Cantrell (1976) also described an assessment which used
measurements of pulp pinch force and a functional assessment
questionnaire. The questionnaire was based on the patients ability
to tackle activities of daily living (ADL). The patients
subjectively grade themselves on how they find an activity - easy,
difficult or impossible to do, while the therapists check for any
specific reasons why there should be any difficulty. The pulp pinch
results showed a marked difference between weak patients and strong
healthy subjects. Analysis of all the results indicated that all
patients with arthritis are weak and that this weakness is not just
an effect of pain or physical deformity. This led to the conclusion
that muscular weakness was a primary part of the disease and a
cause of functional disability.

Unsworth (1977) stressed the same points as Cantrell above,
but went on to describe specific cases to reinforce the point that
functional integrity is preferred to physical integrity. The cases

cited showed a patient with a lot of hand deformity, who was
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functionally better off than a second patient with no deformity.

Cantrell (1977) reiterated his earlier papers, but added the
importance of follow up assessment to monitor the disease progress
and to give a better understanding of the underlying process. This
led to the roints that to be of any value; measurement systems must
be more objective to reduce the inter-observer error and to meet the
need to demonstrate small chanqges, in the hand, over a period of
time. Cantrell also described the use of wiregrams to record the
range of joint movement. These consisted of tracings of metal wire
bent to the shape of the flexed or extended finger.

The above papers have only indicated guidelines and the need
for carrying out accurate quantitative functional hand assessments
at regular intervals so as to monitor small changes. They do not
provide a standardised functional assessment routine to be followed

for every patient,

2.2. Functional Assessment Routines

These have been described by Carthum et al. (1669), Jebsen

et al. (1969), MacBain (1970), Kellor et al. (1971), Clawson et al.
(1971), Smith (1973), Peskett (1973 and 1977), Green (1974), Bell

et al. (1976) and Walker (1978). Table 2.1. gives a summary of these
assessments showing the measurements taken and the activities carried
out by the patients. The work by Carthum was a follow up to the
earlier work by Clawson but this time using only five of the original
tasks and measurements. Each assessment can be divided into two
parts, °‘strength' measurement and functional assessment. Only Jebsen

omitted the former, concentrating on the functional tasks.
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CARTHUM
CLAWSON
JEBSON
MacBAIN
SMITH
XELLOR
GREEN
BELL
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TASK

STRENGTH
Grip
Pulp pinch
Lateral pinch
Cylindrical grip
Finger flexion
Spherical grip W
Chuck pinch D D
Extensor force D
Hook grip W
FUNCTIONAL
Safety pin T2 TB
Button fastening T2 TB T2
Scissors T2
Knife and fork T3 TB TB
Shoelace tying T3 TB
Writing
Card turning
Pick up paper clips T2
Spoon T2
Stacking checkers T2
Pick up empty cans T2 T2
Pick up full cans T2 T2
Jug pouring 2 T2
Kettle pouring 2
Door knob T2 T2
Coin pick up 2 VvV T2 TB
Moving blocks T2 2
Moving nails T2
Inserting pegs T2 T2 T2 T2 T2
Belt buckle TB
Zip vy TB
Double knot TB
Bow tying TB
Pins into cushion v T2 2
Nut and bolt T2 T2
Assemble blocks T2 TB
Hand tools TB
Door bolt T2
Pile plates T2
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Pain and tenderness
Range of motion
Photographs
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PESKETT also included, pencil pick up, button sewing, match
striking, opening an electric plug, taking 1id off pan,
using a clothes peg, cups and saucers, winding up a watch,
screw lid, screwdriver, mixing, wringing, taps, cooker knobs,
keys, aids, putting peper into an envelope and picking up
marbles.

TABLE 2.1: Summary of functional assessments

KEY: C - cuff; D - dynamometer; W - weights;
T = timed task; B = bilateral task;
2 - both hands used separately
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2.2,1, 'Strength' measurements

a) Grip

This was measured in all assessments except Jebsen and Green.
Sphygmomanometer cuffs were used by Carthum and Clawson (folded and
inflated to 20 mm of mercury) and MacBain (rolled and inflated to

40 mm of mercury).

b) Pulp pinch

Again Carthum, Clawson and MacBain used inflated cuffs to
measure this. MacBain used a smaller diameter cuff while Carthum
and Clawson used the same cuff but enclosed it between two metal
sheets hinged at one end. The patient applying the pulp pinch on the
opposite end. A small diameter dowel was used by Green. The patient
held this vertically in a pinch grip while the weights hung from the
dowel were increased. The pinch force being defined as the maximum
sustainable weight. Kellor used a proprietory dynamometer while

Walker had two strain gauged cantilevers that were pinched together,

c) Lateral pinch
This was measured by Carthum, Kellor, Green and Walker, All

four used the same device as for pulp pinch measurement.

d) Cylindrical grip
Carthum and Green both used the same method of hanging weights
from a dowel, held vertically, and gripped until the dowel could not

be held against the weight.

e) Others
Carthum and Clawson measured finger flexion force by letting the
finger, with the palm supported, press down onto a transducer whose

output reqgistered on a dial gauge. Spherical grip was measured by
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Green, who hung weights from a snhere held by the natient. MacBain
measured hook grip by adding weights to a bucket held with a
pronated arm resting on a table. Walker measured chuck pinch using
the pinch transducer described above. He also measured finger

flexion and extension force using a horizontal strain gauged bheam,

2.2.2., Functional assessment

These consisted of several activities designed to test a
patient's manimulative abilitv, 1In the majority of cases theyv
consisted of timing the natient to see how long thev took to
accomplish a prescribed task. Green stooned each task after fifteen
or thirtv seconds and then assessed how mich of the task had heen
completed. A few tasks involved countinag or weianhing, the results
heina the number of ohjects moved in a niven time (e.a. Bell, bhlock
and vin movement) or the maximum weight at which a task could he
sustained (e.g. MacBain, jug and kettle pouring).

Generally, a mixture of unilateral and bilateral tasks were used
with both hands being measured unilaterally. Jebsen used only
unilateral tasks while Bell repeated some unilateral tasks,
bilaterallv., Peskett did not make it clear whether the tasks were
performed uni- or hilaterally,

The majoritv of the assessments were desianed for patients with
rheumatoid arthritis. However, Jehsen also tested patients with
unilateral hemiparesis and C6-7 traumatic cuadripleaia, findina that
the;e woe a tremendous rance in the assessment sScore from the
healthy subhiect range to 'unchle to complete' the task. The healthy
subiect range was ohtained frorm three hundred subjects.

RBell was srecifically concerned with nara- and heminl~gia. The

results from these patients were compared to a normal value ohtained
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from fifty healthv subhircts, The results were standardised hv
setting the hen?thv subiecct rean result to 10N, FEightv patients with
naranlegia were measured and their stardardised mecan results for the
assessment ranaed from 77 to 96. Forty four patients with right
hemiplegia had a range of 60 to 7h while fiftv patients with left
heminleqia had an 11 to 60 ranne. All the patients were right

handed and it was not clear whv patjents with left hemiplegia had a
score much lower than the other patients,

Clawson assessed =ix vatients wi th rheumatoid arthritis over a
ten week neriod using the tests first described by Carthum. Carthum
had evaluated the use of a large series of measurements including
grip, rinch, ranne of rotion, deformity, pain and ADL's. From this
series Clawson extracted five tests that were assessed to be the
most reliable and independent of each other, =o that they measured
different aspects of hand function. The tests were grip, three point
pinch,-finger flexion pover (described above) and two functional
tasks, using a knife and fork and the fastening/unfastening
of buttons.

Using the five tests, thirty nine healthy subjects were
measured to obtain a range of normal values, Using these results a
1 to 20 scaling (poor to good) was given to each task's results. By
summing the individual test grades a functional index was obtained.
One hundred and six patients with arthritis were also tested. Their
results produced a much lower index than the healthy subjects' and
that there was a tendencv for the index to decrease as the
disease progressed.

Sixty four of the patients were followed up to a year and forty
two in excess of three yvears from their initial treatment. After one

year, 42% had improved while 23% had deteriorated., After three years
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the figures were 40% and 44% respectively. Of twenty five hands that
underwent various types of surqgery, 64% were shown to have improved
and 4% to have a deterioration in the functional index.

MacBain tested a group of healthy subjects to obtain a range of
values so that individual test results could be graded as ‘'‘normal’,
‘qood', 'fair' or 'poor' for comparison purposes.

Smith and Walker also tested healthy subjects to obtain a base
line. V¥alker also tested six patients with arthritis and showed that
they were much weaker in all tests than the healthy subjects.

Carthum, Peskett and Green gave no details of any results
obtained. To establish 'norms', Kellor tested between 246 and 274
healthy subjects. He found a linear relationship between age and all
the test results for male and female, left and right hand. The
strength results all showed a decrease with age while the functional
tasks increased.

Most of the above assessments were clearly complex in that they
involved lots of tasks for the patient to perform. By subjecting
patients to such a battery of tasks, patient fatigue becomes a major
problem. This would cause poorer results to be obtained, esnecially
towards the end of an assessment. This would be particularly so in
those tasks which aimed to find the maximum sustainable weight that
could be held and lifted. These were not very well thought out
tasks. Even healthy subjects show muscle fatigue after a short time
and their sustainable weight limit would decrease the longer they had
to hold the weights. This would be even more so in patients
with arthritis.

With so many tasks to assess, a complete assessment took a long
time, Smith quoting forty five to sixty minutes. This length of

assessment would not only cause fatigue but it would be difficult to
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keep up a patient’s motivation and it is also an inefficient use of
the therapist's time. Only Carthum attempted to reduce tasks to a
minimum while Walker used strain gauged dynamometers which only took
a short time to measure a force,

The functional tasks also lacked objectivity. Since they only
contained timed tasks they could really only indicate whether a
patient could accomplish a task slowly or speedily. If the patient
were assessed regularly there would be a learning process, causing an
apparent improvement unrelated'to any improvement caused by
the therapy.

The most objective assessments were obviously those that measured
a particular hand parameter e.g. the force applied by the hand in
grippipg and pinching. For this dynomometers were necessary since
they actually measure the applied force. Inflated cuffs do not
measure a force (or grip strength) since they only measure the
pressi@. change, of the enclosed fluid, caused by the gripping action
of the hand. This @teiwtR change depends on the inflated pressure of
the cuff, the size of the cuff, the area of contact between the hand
and the cuff and the method of gripping. Cuffs were also inaccurate
since they were highly susceptable to finger jerking. During a grip
any slight finger movement could cause a large increase in pressure.
Since only maximum readings were recorded a jerky finger could easily
give an excessively high value for the grip test. (Appendix 1.)

Kirkpatrick (1957) in his conclusions of the 'Sub committee for
the Study of Grasping Power' of the California Medical Assqciation,
also pointed out these inaccuracies of the sphygmomanometer.
Kirkpatrick quoted Sanderson (personal communication) in explaining
the difference between force and pressure. He used the illustration

of standing on one foot, then on a marble and then a nail. Since
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pressure equals force divided by area, standing on a nail produces
the highest pressures (stresses) with a dramatic effect in this
example. Also stated was the need for any grip measuring device to
respond to the applied force and not be influenced by any other
parameter such as the area of contact.

Robertson et al. (1982) stated that grip measurement using a
cuff lacked a standardised method, that even patients with arthritis
could exceed the normal maximum value of 300 mm of mercury for a
clinical sphygmomanometer. This maximum also ensured the absence of
normal values from healthy subjects which would make interpretation

difficult.

Therefore, it appeared that none of the above assessments could
be used to monitor accurately hand function through the disease
process or course of treatment. However, none appeared to be used
for this purpose. In the main, the results appeared to be used to
form a set of 'norms' for patients to be compared with. Any monitoring
that was performed was long term and not concerned with a specific
treatment, but rather to evaluate course changes in tne
disease progress.

As the assessments consisted of a series of functional tasks,
they allowed the therapist to carry out a subjective analysis of
patient at the same time and to observe where the patient had
difficulties. The therapist then decided how best to treat the
patient. However, this was mainly subjective and no quantifiable

measurements were available to test the treatment given.

2.3. Grip Measurement

Mainly because of its convenience, grip testing has consistently

been used as a measure of hand ability. Clinical studies have used
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it to assess the rehabilitation of the hand after traumatic inury,
operation and in assessments of disease activitv. Grip strength has
also been used to determine the muscular strenath and phvsical
fitness of athl?tes.

Many instruments have been designed to measure grip strength.
They.fall into the two general categories of dynamic and isometric,
Thé latter consisté‘of de?ices using hydraulic or strain gauged
svstpms,-vhile the former included inflated cuffs and elastic

‘deformation devices such as springs and levers,

2.3.1. -Dvnamic devices

Tnflated cuffs have been used consistently, especially
clinicallv, over the past tyenty five years. Lansbhury (1957 and
1958) used them-in a Svstemic Index to monitor the disease activity
6f rheumatoid arthritis. The cuff was douhle folded and inflated to
a pressure of 20 mm of mercurv. The rest of the index consisted of
measures of morning stiffness duration, the time elapsed since rising
before fatiaque set in, the number of Aspirin taken nper dav and
ervthrocvte sedimentation rate, These results were graded using a
set of standard tables, apparently arrived at by ciinical experience.
The svstemic index was then the sum of these grades. Lansbury's
evaluation of this index and an articular index, the deoree of joint
involvement, waé based on clinicral experience and impression,
patients evaluation and comparison with each other,

Wright and Plunkett {1968) and Wright et al. (1969) showed a
diurnal variation of grip in patients with rheumatoid arthritis and
healthy subjects. A rneumatic dvnamometer was used to measure qrin.
A similar, but opvosite variation was also oh<erved in jo‘nt

stiffness, This was dinitjallvy mecasured bv counting the number of
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knots that the patient could tie in two minutes. Later a specially
designed finger arthroagraph was used to measure the index finger MCP
joint stiffness. The grip variation, which closely followed body
temperature, showed up as an early morning (0600 hours) minimum which
increased steadily through the morning to an afternoon plateau, only
to decline through the night.

Ingren (1968) also studied joint stiffness and grip in twenty
five patients with rheumatoid arthritis. Grip was measured using the
same cuff arrangement as Lanshury. The results showed a cood
correlation between maximum grin and a five point subjective pain
self assessment by the patient. Joint stiffness was measured by
timing the fall of a weighted finger through a vertical arc of ten
degrees about the MCP joint., A diurnal variation, similar to Wright
and Plunkett, was observed though a smaller second peak was recorded
in the early evening in some patients. A good correlation was also
found between the measured stiffness and the patient's self
assessment of pain. |

Kent (1978) used a horizontal finger arthrograph to evaluate the
above finger dropper as a measure of joint stiffness. The arthrograph
directly measured joint stiffness by measuring the torque required to
rotate the index finger about the MCP joint. No relationship was
found between the peak to peak torque; measured 20o either side of
the finger resting rosition, and the fall time measured by the finger
dropper. This would, therefore, appear to invalidate the results
given by Ingpen, since a finger dropper does not measure
joint stiffness.,

An assessment of grip testing, using a cuff, was carried out by
Lee et al. (1974) using the mean results obtained from between

eighteen and twenty one patients with arthritis. The intra-observer



error of 5 to 9 mm of mercury was much lower than the inter-
observer error of 17 to 20 mm of mercury. The diurnal variation
found was not as pronounced as that renorted by Wright and Plunkett.
These results confirmed that testing, using a cuff, needed to be
carried out by the same person at the same time of day. A& double
blind study between sodium salicylate and prednisolone therapy,

for one week, indicated that over placebo the prednisolone gave a
significant improvement while the other therapy did not.

De Choisy (1972) compared the mean results from grip strength
measurement, using a cuff inflated to 20 mm of mercury, to those
obtained from a torquometer. This was a proprietory device which
was held firmly, by the base, in one hand, while the other hand
rotated the top half, anti-clockwise, against an internal spring.
The maximum rotation was recorded on the device; by a resettable
pointer, on an arbitrary scale from O to 10. It therefore
required wrist and elbow movement together with hand grip. The
results, from twenty patients with arthritis, indicated on two
separate measurements a significant correlation between both types
of device, The correlation coefficients ranged from 0.59 to 0.79.
The comparison, using twenty four patients, was performed before and
after two types of drug treatment, Benorylate and Ibuprofen. Both
types of test indicated a mean improvement after each treatment. A
greater correlation was observed in the Benorylate results (0.84)
than in the Ibuprofen (0.44).

Brewer et al., (1980) used the same torquometer to do the same
comparison but used nearly 200 patients with rheumatoid arthritis.
Again, good correlations were obtained between the two device results
with coefficients of 0,73 and 0.72 for left and right

hand measurement.
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Roth the ahove authors stressed the idea that the torquometer
was a simple and compact device., Since it required a complex action,
arip as well as wrist and elbow movement, it gave a better measure of
hand function. The complex action involved being a typical everyday
use of the hand, turning door knobs or unscrewing jam jar lids.
However, both sets of work were similar in that they only carried
out a one to one comparison, using qrip strength measurement as an
indicator of function. No further work was carried out to assess the
reproducibility of the device or its ability to monitor change over a
period of time.

The same torguometer was employed by Sheenan et al. (1983) in a
more complete study of thirty three patients with rheumatoid
arthritis. Again, grip strength was measured using a cuff inflated
to 20 mm of mercury. A functional assessment was carried out by
Occupational Therapists. This consisted of a three point subjective
assessment of ten activities. The points of the assessment were 2,
not ahle to complete the task, 1, to complete it with difficulty and
0, no difficulty., The activities assessed were picking up a pin,
lifting a dinner plate, unscrewing and screwing up a nut, unscrewing
a jam jar lid, holding a glass, lifting a saucepan of water, cutting
out paper with scissors, using a screwdriver, picking up weights and
folding up a piece of paper and inserting it intoc an envelope. Two
torque measurements were performed. The first was the bilateral
method used above by De Choisy and Brewer. The second, the
torquometer was fixed upright on a vertical stand with the patient
standing alongside. The height of the stand was adjusted so that the
patient could operate the device comfortably with their arm vertically
at their side. The results of both torque and the grip measurements

were found to have good correlations with the functional assessment.
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For a more detailed comparison the functional assessment results were
separated into four grips - the tripod (jam jar lid), span (plate
pick up), light (pin pick up) and the cylindrical grip (pan 1lift).
Analysis of these results appeared to show that torquometry gave a
clearer differentiation between the functional assessments points for
the first three grips while in the latter cuff testing appeared
better. Overall, the results, together with clinical impression and
patient evaluation indicated a complementary use of the torquometer
and cuff.

Downie et al. (1978) assessed the accuracy of visual analogue
scales (VAS) in grip assessment. A VAS was a line drawn vertically
or horizontally with each end labelled with opposite feelings e.g.
good and bad. A patient was asked to mark a point somewhere along
the line to represent their own subjective assessment of themselves,
The grip of ninety three patients with rheumatoid arthritis and
seven healthy subjects was first assessed by clinicians in mm of
mercury. Using this assessment the patients were split into four
functional groups (very weak, weak, normal and strong grip). The
patients then assessed their own grip using a VAS labelled with
30 and 300 mm of mercury. These results were also divided into the
same functional grouping. Finally; the grip was tested using a
folded cuff inflated to 30 mm of mercury. Analysis was carried out
using each functional group as defined by the clinicians and patients.
The results showed that clinicians were better at gauging the
patients' grip in mm of mercury, than the patients using the VAS.
This ability was seen as a better delineation of each functional
group and a better correlation (0.92) of the clinicians' assessed
grip to that measured than the correlation (0.64) between the VAS

score and the measured grip. Such a result is not surprising since
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it is doubtful whether a patient would know how to classify their
grip in mm of mercury. All the patient is aware of is the relative
strength of their hand compared to some time previously. A clinician
has his experience of seeing patients using a cuff and feeling their
physical grip during examination.

Thorngren and Werner (1979) used a vigorimeter, a rubber balloon
connected to a manometer, to study 450 male and female subjects that
had no history of upper extremity dysfunction. The results showed
a fall off of qrip with age (21 to 65 years) and a constant dominant
to non-dominant hand ratio (1,0710°11) for both sexes.

Myers et al. (1979 and 1680) added a semiconductor pressure
transducer to a cuff inflated to 30 mm of mercury. The transducer
output was connected to a chart recorder which recorded the grip as
a pressure-time curve., From this was extracted the rates of pressure
rise and fall, the work done in compressing the cuff

and the power output (related to the rate of increase
in pressure).

Initial results (Myers, 1979) were obtained from nineteen
patients with arthritis who were measured at the end of four periods
of treatment. These were 'washout' (no anti-inflammatory treatment),
two weeks on an anti-inflammatory drug, one week on placebo and
finally two weeks on the drug again. The results showed that the
maximum grip, work done and power output all increased during the two
periods of medication. Over the placebo, the improvement was
approximately 48%, 75% and 105% for the maximum grip, the work done
and the power output respectively. This led to the conclusion that
power and work were more sensitive indicators of change in hand
function than maximum grip.

Further work by Myers et al. (1980) compared the mean results
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obtained from twenty healthy subjects to those obtained from thirty
patients with arthritis (all female). As expected, the patients
gave the poorer results, the ratios of the healthy to patient results
being 4.2, 0.4, 5.5 and 7.3 for the maximum grip, time to reach 95
of maXimmn grip, work done and power output respectively. Again,
these show that power outnut appears to reqgister a larger overall
difference between the two groups.

The apparatus was further modified (Pearson et al. 1982) to
include a microprocessor which gave an immediate digital read-out of
five measurements. These were the maximum grip, the rate of pressure
rise (the work and nower output being derived from these two), the
time to reach maximum grip, the grip relaxation during maximum effort
(fatigue) and the rate of pressure release. The system was used to
assess the diurnal variation of grip and the effect of hot and cold
temperature and exercise therapy. Diurnal variation was assessed,
using ten healthy subjects, by only measuring the subjects in the
morning and afternoon on five consecutive days. The mean results
showed that the afternoon measurements of maximum grip were
significantly higher than those obtained in the morning. No
difference was found between the two times in the other measurements,
The daily measurements also indicated no difference for these
parameters, though the maximum orip and work results were
significantly different on two days for the dominant hand and one day
for the non-dominant hand. Cold treatment, an immersion in cold
water at IOOC for ten minutes, caused the largest changes ip both
healthy subjects and patients. In healthy subjects, all measurements
were affected in the dominant hand, while only pressure fall rate and
time to maximum grip were affected in the non-dominant hand. In the

patients only time to maximum grip, for both hands, the pressure rise
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rate and fatiaue, ‘or ron-dominant hands, were affected., Overall,
the results were anain used to show that power {and nossibly work)
were more suitahle norameters to use in describinag hard function.
This was bhecause thev arreared to be more stahle tharn maxirum aqrip,
in that ro variatiren was frund hetween morrning, afternoon and
cnrsecutive ~2ailv measurerment.

Another study of healthy subjects was performed by Fernando
and Robertson (1082), Again, an inflated cuff was used. This was
connected to a 900 mm column for measurement of fiftv three healthy
subijects. The results gave an overall mean of 400 mm of mercury
with a lower auartile of 310 mm, fifth percentile of 210 mm, upper
quartile 510 mm and ninetv fifth percentile of 630 mm of mercurv.
Males were found to have a dominant hand mean of 535 mm of mercurv
and a non-dominant hand mean of 505 mm of mercurv. For females, the
means were 406 mm and 248 mm of mercury respectively. The dominant
hand was found to be 6% higher for males, and 8% higher for females,
than the non-dominant hand. These results basically reinforce the
wide variation of measurements that are possible, otherwise nothing
new was achieved and the work was just a repetition of much
previous work,

Diurnal variation of grip strength was noticed in a flurbiprofen
study, to determine the onrtimum dosage schedule, by Kowanko et al.
(1982a). Sixteen patients with rheumatoid arthritis tested
themselves at home using a cuff inflated to 20 mm of mercury, six
times daily (0800 hours to 2300 hours) over a two to three day
period., The results were fitted with a best fit sine wave of twenty
four hour periodicity to show circadian rhythm. The minimum grip
was found at 0600 hours as did Wright and Plunkett.

Subsequent results, Kowanko et al. (1982b), again obtained from
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domiciliary self measurement, included a ten point subjective
assessment of joint stiffness. These results also showed a diurnal
variation (again no overnight measurement) in grip and an opposite
one in joint stiffness. The minimum grip and maximum stiffness
coincided at 0800 hours.,

Diurnal variation was also shown by Harkness et al. (1982),
Grip, using a 30 mm of mercury inflated cuff, was tested together
with various other rheumatoid disease activity parameters (joint
stiffness, pain and eight biochemical analyses of the immune
process), Patients were tested five times daily between 0600 hours
and 2300 hours., Again, a best fit sine wave analysis was used to
provide a significant circadian variation in grip, joint stiffness
and three of the biochemical analyses; blood neutrophil count, plasma
cortisol concentration and Cig - binding assay. The Ciq - binding
is a plasma enzyme that controls part of the immune process. The
grip minimum and stiffness maximum occurred at approximately
0L0OO hours and 0300 hours respectively. A substantially different
result from that quoted elsewhere,

However, these results (Kowanko and Harkness) cannot be relied
on as measures of circadian rhythm. Their results were only obtained
between set hours of the day, therefore a diurnal measurement, and
then they were extrapolated out of these limits using a best fit sine
wave of twenty four hours periodicity to give circadian variation.
Further, it would be difficult for patients to observe their maximum
grip pressure without causing some effect on their grip. As
discussed earlier (paragraph 2.2.2.) inflated cuffs are sensitive to
finger jerking and other movements. A patient reading their own
gauge woulé most probably move out of position to 'get a better

view', causing a variation in grip.
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Cuffs were not the only dynamic devices used to measure grip.
They were mainly used in the clinical environment because of their
ready availabilitv.

Three different types of dvnamic device were used by Bowers
(1961) in studying the relationships between grip and several
anthropometrical measurements (hand lenath, middle finger length,
proximal phalange length, hand width and the girth of the forearm and
wrist). The three devices used were the Stoelting adjustable
dynamometer,; the Naranaansett hand spring dvnamometer and the cable
tensiometer. No sinanificant correlation was found between any of the
parameters and grip. Only the latter two devices produced results
that were sianificantlv different.

The contraction and relaxation phases of a maximal grip were
studied by Rovce (1962) using a dynamic spring loaded ergogranh,
lkxponential equations were produced to describe the phases. Myers et
al. (1980), paragraph 2.3.1., modified the equations slightlv and
used them in the calculations of work done and power output. The
results of Royce also showed that a fatigued hand contracted and
released slower than a non-fatigue hand.

The optimum span setting for a Stoe;ting adjustable dynamometer
was investigated by Montoyne and Faulkner (1964). Using a healthy
population of 138 males and 64 females, it was shown that a slight
advantage could be gained by subjects with large or small hands by
adjusting the span accordingly. However, no parameter,

anthropometric or glove size, was found that could be used.as an
indicator of the optimum span setting.

Heyward et al. (1975) showed that orip measured using an
isometric linear voltage differential transducer gave higher results

than using a Stoelting dynamometer. A larger difference being noted



at the higher forces.

2.3.2. Isometric devices

Bechtol (1954) introduced the Jamar dynamometer. This was an
adjustable span, hydraulic device for measuring arip strength
isometrically. The device was used to measure 217 males and 224
females with no abnormal hand function. The majority of males (132)
had their highest grip at the 2 inch span setting. The majority of
females (120) had their highest grip at the slightly smaller
1.5 inch span setting. In both populations, the 1.5 and 2 inch
span nrovided most of the highest grips. Also noted from the results
was a 5% to 10% major to minor hand difference, a 30% diurnal
variation, a less than 10% day to day variation and an age variation.
The fifty to sixty five year old age qgrour havinga mean grip that was
15% less than the twenty five to forty year old age group.

The Jamar dynamometer was used by Toews (1964) and Schmidt and
Toews {1970) to measure the grip strength of steelworkers. Both vere
primarily interested in showing the relationship between the dominant
and non-dominant hands. Knowing this, it was supposed that, in
industrial unilateral hand accidents, the amount of lost function in
one hand could be assessed from the opposite good hand. Toews
studied 231 steelworkers and found that on average the dominant hand
was stronger by 5.8%. However, he found such a variation in this
figure that it could not be used in any claim for compensation. It
was found that 26% of the workers had a stronger non-dominant hand.

Schmidt extended the study to 1128 healthy males and 80 healthy
females. Male grip was found to increase with weight and height up
to 215 1b (97.5 kg) and 75 in (1.91 m) respectively, followed by a

slight reduction. Grip reached a maximum at around thirty years old.
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The female results were similar except that maximum grip occured at
about forty vears of age. The results of Toews were confirmed with
the male dominant hand being stronger by 3.2%, on average, and that
23% of those tested had a stronger non-dominant hand. For the
female population the averaae difference was 8.5% with 20% of those
tested having a non-dominant hand equal to or stronger than the
dominant hand.

A set of data obtained from fifty healthy males and fifty
healthy females was produced by Swanson et al., (1970). Grip
strength was measured using the Jamar dynamometer while a small
strain gauged disc dynamometer was used to measure pulpn, lateral and
chuck (three digit) pinch. The results were split into skilled,
sedentary and manual occupations. The manual workers in both groups
have the stronger grip, chuck and lateral pinch. The grip strength
for males and females was highest in the thirty to forty year age
qroup, though the male results were relatively constant in the
twenty to fiftv year age group. Again, the grip strength of the
non-dominant hand was found to be, on average, 5.4% in males and
8.9% in females, weaker than the dominant hand. Also, 29% of the
subjects measured had a minor hand qrip strength that was equal to or
areater than the dominant hand strength.

Isometric devices using strain gauqged beams to measure the
applied force have been described bv Kroemer and Gienapp (1970),
Malinen et al. (1979), Pearn and Bullock (1979), An et al. (1980) and
Pronk and Neising (1981).

Total arip was measured in the devices described by Malinen,
Pearn and Pronk., The first two required the squeezing of U-shaped
beams while the third used the deflection of a cantilever.

Pearn tested 221 healthy, five to seventeen year old, children in
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a two grip test (right, left, right and left again). No fatigue
effect was found and the strongest hand was not necessarily the
dominant hand.

Kroemer described a device to measure the thumb force at
various orientations to the gripping axis, Thirty healthy male
pilots were tested. The thumb force was found to increase as the
thumb moved from the straight up ('thumb up') position parallel to
the grip axis to flexed position perpendicular to the gripping axis.

Several devices were described by An to measure pinch, lateral
deviation force and total grip. A second grip tester was used to
measure the forces applied by the individual phalanges of a single
finger during a power grip. Using this device four grips were
necessary to obtain a full set of data for each hand. A device was
also described to measure pinch, abduction (finger spread),
adduction (finger close) and oprosition forces. Some preliminary
results were given of some studies using the devices. These studies
included research into hand forces, the assessmentof early
schlerodema patients and pre- and post-operative measurement of
patients with rheumatoid arthritis having replaecment of the first
carpometacarpel joint. The preliminary results of the phalanges grip
force distribution of healthy subjects indicated six different tvpes
of grip. These were defined bv comparing the magnitudes of the
phalanges on a finger., Therefore no definite pattern was observed in
the phalanges grip force distribution.

The results of the schleroderma study were given by Askew et al.
(1983). Ten patients were assessed before and after, within two hours,
of a single therany session, The therapy consisted of a hot paraffin
wax dip, friction massage and active exercise. Hand strength was

measured using the devices mentioned above. Also measured was the
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joint range of motion, skin compliance and manual dexterity (timed
pick and place of objects). Each aspect of the hand (strength,
motion, compliance and dexterity) had a functional index assigned.
This was calculated from the measurements obtained, which were
normalised to results obtained from healthy subjects and weighted,
based on clinical judgement. An overall functional index was
obtained by averaging all the indices. Analysis was performed on the
changes found, in these indices,; after the therapy. OUverall, the
mean changes showed a significant improvement after treatment. Askew
also stated that long term assessment was difficult because of the
variability of the disease. However, no long term results were
presented but it was suggested that since a single therapy session
improved the hand, repeated therapy would continue the trend.
However, immediately after therapy, as long as there was no fatigue,
a patients hand function would be expected to show improvement. They
would still be warm and relaxed after the wax and massage. However,
it is more important to assess how this improvement persists and to
see if regular therapy does continue to improve the hand against the
disease progression.

An isometric dynamometer was used by Mundale (1970) to
investigate the effects of exercise on total grip strength using ten
healthy subjects. The test schedule consisted of pre-exercise grip,
ten minutes of exercise, post-exercise grip, four minutes rest period
and finally a recovery grip. The exercise period consisted of one,
two or three second duration contractions to a pre-determined level of
the pre-exercise grip. A one second rest being allowed between each
contraction. The results showed that the post-exercise grip was
reduced even after exercise in which the contraction was only to 59.

of the pre-exercise grip strength. This became highly significant at
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the 20%, and above, exercise levels. Post-recovery grip strength
was found to be only slightly down on the pre-exercise strength.

Using a similar apparatus, Nwuga (1975) studied the qrip
endurance of fifteen male and fifteen female healthy physical
therany students. The endurance was defined as the time taken for
a continuous maximal arip to relax to 50¢ of its initial value. The
results showed no sianificant correlation bhetween arip strength and
endurance. A positive correlation was found between arip and
body weight.

Both Hazleton (1975) and Pryce (1980) studied the effect on grip
strenath of wrist nosition. Hazleton measured the forces exerted by
the middle and distal phalanqges, each phalangeal level bheing tested
simultaneouslv on all four fingers. Thirty healthy right handed
adults were measured in five wrist rositions - neutral, volar flexion,
dorsi-flexion, fourteen degrees of radial deviation and twenty one
degrees of ulnar deviation. The results showed that the maximum and
minimum forces exerted by the distal and middle phalanges were
obtained in ulnar deviation and volar flexion respectively.

Pryce measured the maximum grip in nine wrist positions from
neutral to fifteen and thirty degrees of volar flexion through
neutral to fifteen degrees of dorsi-flexion. Very little difference
was observed in the various position grip strengths though the higher
measurements were obtained, as Hazleton, in the neutral to ulnar
deviation and volar flexion positions.

Ohtsuki (1981a and 1981b) studied individual finger s?rength
during unilateral and bilateral power grip exertion. The method used
was to fix the forearm horizontally in a plaster cast, with the elbow
at ninety degrées and the hand supinated. The cast was to eliminate

movement of the forearm, palm and proximal phalanges so that only the



ma jor flexors (digitorum superficialus and profundus) were involved
in the gripping process. The four medial phalannes were connected
via a leather thong and piano wire to individual strain gauaed force
Q
transducers. These measured the force exerted when the fingers were
flexed, The sum of the finger forces was the total power grip.
During bilateral exertion the opposite forearm was similarly
constrained, but the grip was measured using only a single
transducer. The fingers flexed against a single bar connected to the
transducer. Between ten and twelve healthy subjects were tested with
their average results showing that the fingers, when flexed alone,
exerted a higher force than when flexed together. The maximum force,
when flexed together, decreased with the number of fingers being
used. All the fingers had a major decrease when flexed with one
other finger, Overall, the index and little fingers had the
largest proportional decreases of 30% (both hands) when all finaers
were flexed. The middle and ring fingers decreased 20 to 25% and 15%
for the right and left hands respectively. Ultrasonic scanning was
emploved to measure the total cross-sectional area of the forearm
flexors. This showed that when the areas obtained from individual
finger flexion were totalled a better correlation to the flexion
force was obtained, than if the areas obtained from multi-finger
flexion were used. This indicated that when used on their own, the
flexor tendons were used to a greater effect, i.e. produced a greater
force, than when used together, thus confirming the force results,
When all the fingers were flexed together, their mean combined
force was found to be 77.5 %+ 15.5% and 73.8 2= 8.5% of the sum of the
individual finger forces for the left and right hand results
respectively. Also, when flexed together the percentage

contribution, in either hand, of each finger to the total grip was

58,
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23 to 25% for the index finger, 33% for the middle, 27 to 28% for the
ring and 15 to 16% for the little finger.

During bilateral exertion (Ohtsuki 1981b) a lower grip maximum
was obtained than in a unilateral exertion. A difference of between
5 and 14% heing obtained. This difference, vhich was also noted in
the inteqgrated electromvogram recorded during the grip exertion, was
also proportional to the grip force.

Reikeras (1983) used a strain gauged dynamometer to measure grip
strength and a piezoresistor dynamometer to measure lateral pinch
(kgy strength). The equipment was used to measure thirty healthy
males and thijrty healthyv females. The results were used to show that
there was no significant difference between the mean results of the

dominant ahd non-dominant hands of the subjects.,

2.4, Miscellaneous Assessments

Dickson and Nicolle (1972) stated the need for an objective hand
assessment. They introduced the idea that assessment at the digital
level would be preferred. This was because rheumatoid arthritis can
differentially affect the joints of the hand. Integrated hand tests,
such as qgrip, would not reveal digital level involvement or
its location.

Thev described the use of a transducer that measured finger
flexion and pulp pinch force. They showed some results which
indicated a post-operative improvement in both measurements, A
relationship between digital force, both flexor and pinch, ?nd bone
density was later put forward by Dickson (1973). Bone density and the
finger forces of fifteen healthy and fifteen patients with rheumatoid
arthritis were measured. The bone density was measured using X-ray

techniques. The results obtained were used to show a correlation
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between the pinch force and cross-sectional area of both the
metacarpels and proximal phalanx (cross-sectional area having
previously been shown to be related to bone densitv). Dickson
concluded that hone density was another narameter that could be
measured that would give an indication of the disease progress or
hand function.

These two paners were summarised by Dickson and Nicolle (1976)
and acain showed some results that had post-operative imnrovement in
finger flexor and pinch force. Only operative procedures vere
investigated and it appeared that no long term post-operative
monitorinag of the patient was attempted.

Brand (1973) outlined a partial evaluation to be used in
treatment monitoring on a day to day basis. It was sugqgested that
range of motion, swelling, temperature of the hand and grip strength
should be measured and a series of photoaraphs taken to record the
hand shape,

Jacobson and Sperling (1976, 1977 and 1978) and Sperling and
Jacohson (1977) presented a series of papers outlining their work on
a detailed hand grip classification., They designed a system where
subjects were filmed using a mirror reflection method that enabled
three projections to he recorded simultaneously. From the film, and
using a specifically desianed coding system, a very detailed
description of the hand was obtained. The coding system described the
hand qrip used by designating which fingers were being used, their
positions, the finger joint positions, the contact surfaces and the
orientation of the object heing held., The svstem was used to study
healthv hands during a simulated meal and using the Rancho Los Amigos
(RLA) hand test apparatus, This was designed to test a patient's

ability to handle objects. It consisted of grasping and lifting
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various sized objects (cubes and spheres), gripping and sliding a
vertical tube on a cylinder, pinching various diameter balls between
the thumb and each finger, placing a metal slab on a spike and
holding a flat iron by its handle. The simulated eating experiment
was used primarily to obtain a detailed knowledge of the various hand
grips used in an ADL. The results confirmed the premise that the
main factor in determining the grip used was the action to be
performed (Napier 1956}, When the results of the RLA test were
analysed and compared to the simulated meal, they revealed that the
intended method of handling the objects were not typical of daily
life., Also, when handled spontaneously the objects were handled
differently from that intended, and that the test did not include the
most frequently used hand grinps from daily life. Therefore, the RLA
test did not appear applicable as an ADL test and to be of any use in
assessing patients, the assessment routine must be based on
functional activities, This would appear obvious, but hand
assessments do include this type of testing i.e. moving objects.

The above results therefore confirm that these assessments are not
testing what they intend to test.

The above system is clearly, as the authors state,; only a
research tool. It would be too cumbersome to have as an everyday
clinical tool. The classification system would have to be fully
automated first. But it does provide the faculty for the detailed
analysis of hand grips for healthy and diseased hands. From the
accumulation of this detailed data it may be possible to obtain a
deeper understanding of the underlying processes involved in the
progression of the disease. Knowing these processes would enable
more effective treatment to be given,

Purves et al, (1930) and Purves and Berme (1980) described an
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assessment that measured joint range, pulp pinch force and the
torque applied to turn a key. Also included were timed activities
of filling a container with sand, using a spoon, folding paper and
inserting it into an envelope and button and zip fastening. This was
used to follow patients with arthritis after joint replacement. The
pinch results showed a peak after six weeks followed by a gradual
decline. The key torque gradually increased to a plateau. Ilowever,
the nrimary interest of the work was a simulated tap and jam jar lid.
From this, by using markers attached to the phalanges and orthogonal
filming, the anplied torque could be measured and the three-
dimensional moments about the MCP and PIP joints calculated. The
results showed that moments as high as 3.2 Nm could be encountered in
a joint. These results are éspecially important to

endoprosthetic designers.
«5. Summary

This review has shown the effort which has been expended on all
aspects of hand assessment. Many studies have been carried out into
power grip, using both cuffs and force transducers. However, several
of these just repeated previous work with no indication of extending
the work. Other studies were carried out to collect basic
information and required further study to evaluate whether they
contain any detail relevant as an indicator of patient condition.

Even though improved force transducers have been around for a
long time, the cuff was still widely used in clinical assessment.
Even up to the present, results were still being published on work
with them, Fernando and Robertson (1982},

All the hand assessments put forward lack the basic qualities

for quantitative measurement, therefore an objective assessment is



still lacking., Latterly, the methods used to test manual dexterity
i.e. timed nick and place, have been shown to he measuring untynical
hand arips. The results from the assessments have shown very little.
The assessments themselves have bheen used in the wrong way,

nrimarilv being used for vopulation studies and finding normal
ranqges. They have not been used at the individual patient level,
which thev must be capable of, if they are to be of anvy use. No
important information could be obtained if comparison to a normal
population is all that was performed. No effort appears to have been
made to close this gap and produce an assessment capable of

individual patient monitorinag.
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2.6. Objectives

Hand assessment equipment for use in the clinical environment
should be designed to reduce much of the subjectivity inherent in
previously reported methods. It should comprise a blend of basic
strength measurements together with some simulated functional tasks.
Some basic strength measurements which have been shown to be of use
clinically are total grip strength, pulp pinch, lateral pinch and
finger extension force. An important feature of the total grip
strength should be the simultaneous measurement of individual
finger strength to help diagnose causes of finger dysfunction.

After consultation with the occupational therapists pan 1lift,
kettle 1ift, key twist and cloth wringing out simulations were
chosen as typical functional tasks because of their familiarity
to patients and rehabilitation staff as well as for their functional
differences. The hand is rarely used in isolation, but usually
forms part of a combined movement involving interactions of the
shoulder, elbow and wrist. Therefore functional assessments, to be
realistic, should contain tasks that reflect this interdependence.
Lifting a pan not only requires a power grip on the handle but also
involvement of the wrist and elbow. The kettle lift however,
requires much less gripping of the handle but relies substantially
more on shoulder activity. The key twist involves a precision
type grip with a simultaneous axial rotation of the wrist while
the task to simulate the wringing out of a cloth requires a
simultaneous power grip and wrist flexion. In the pan 1lift and
kettle lift there should be simultaneous measurement of the handle
grip and lifting forces while in the two twisting tasks the resultant

torque needs to be measured.
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These functional simulations would be a great improvement
on previous assessments because they would be more quantitative.

They would rely on the measurement of the applied forces and not on
timed tasks as used by Carthum et al.(19695, Jebsen et al.(1969),
MacBain(1970), Kellor et al.(1971), Clawson et al.(1971), Smith(1973),
Peskett(1973 and 1977), Green(1974), Bell et al.(1976), Walker(1978)
and Purves et al.(1980) ( A similar key meter was included with timed
tasks by Purves). An additional advantage is that the measurements
obtained from this system would be recorded during a single trial,
therefore substantially reducing the effects of patient fatigue.

A further development would be the linking of the measuring
devices to a microcomputer, which would control all the devices and
record their output. In this way a significant reduction in the
inter-observer variation would be acheived and hence a reduction in
the subjective element of the assessment.

For completeness an arthrograph, for measuring the stiffness of
the index finger about its metacarpophalangeal joint, was also
linked to the microcomputer. However, the results from this form the
basis of a separate study and therefore they will not be included
here. To help in following the circuit diagrams a brief description
6f the arthrograph will be given since it was interfaced to the
microcomputer and electronic cicuitry as part of this work.

As the hand assessment equipment is intended for use in the
clinical environment, the software for the computer ought to be
written with a 'user friendly' approach, to ensure that occupational
therapists, physiotherapists, clinicians and surgeons could use and
understand the system without requiring extensive training. To this
end instructions would need to be displayed in easy to follow steps

with the minimum amount of operator interaction. When operator
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action is required a correction message routine should be included
to warn of unreasonable responses. The microcomputer would also be
used to perform all necessary calculations and to display the results
in an easy to understand format.

Initially, healthy subjects would be measured to ensure the
robustness and reliability of the equipment in use, the reliability
of the software and that the necessary range of measurement is
possible. This group would also serve to evaluate the accuracy and
reproducibility of the system.

These results would then be compared with the results obtalned
from patients attending various rheumatology clinics to demonstrate
the ability of the system to register large differences between the
two populations.

Finally, patients would be monitored over a period of several
months, throughout their period of treatment, to demonstrate the
capability of the system to register small changes in individual

patient performance.
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APPARATUS

The anparatus, shovn in Plate 3.1., developed in this work can
be divided into three parts:-
i)  the measuring devices
ii)  the electronic circuitry
iii)» Fﬁe computer
The measuring devices consisted of a series of strain gauged
force measuring transducers arranged in several hand measurément
devices. “These were connected to various electronic circuits, which
were used to condition the bridges; amplify their output, routing
their Sigha]s throuah selected paths and converting them to digital
form. The computer controlled the whole system by switching in the
correct circuitry for the measuriﬁg device required. Tt then
collected and displayed, on its monitor,; the results calculated from

the collected data, This data could then either be discarded or

stored on maanetic disc.

3.1, Measuring Devices

There were four basic measuring devices used in this work,
these were:-
i) Tsometric power grip
ii) The pan

iii) The kettle
iv) The key unit

3.1.1. TIsometric power qrip and finger force measurement (Plgte 3.2.)

This consisted of an aluminium heel plate, shaped to fit
comfortably into the palm of the hand, and a key board containing
’fouf transducers to measure the applied finger force. Each
transducer was a 15 mm x 10 mm x 3 mm mild steel cantilever rigidlv

clamped into the aluminium hody of the key board. Onto each
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cantilever were secured four strain gauges in a full bridqge
confiauration for maximum sensitivitv.

Force, from the fingers, was transferred to the correspondina
cantilever via a bhutton and nush rod assemblv. Each push rod
located into a shallow depression on the cantilever to ensure that
the force was applied on the same noint hence maintaining the same
moment axis (Figqure 3.1.). Each finaer button was contoured in two
nlanes. Thev were saddle shaned to provide a comfortable
contour, with no sharn edges, for the finaer to wrap around. The
buttons were free to rotate to accommodate some deformity of
patients' hands.

The relative position of the heel plate to the key board was
adiustable; in 12,5 =-m steps., This was achieved bv pins which held
the kev board to two auide bars that were fixed at either end of the
heel plate. This enabled the device to be altered from a minimum
snan of 65 mm to a maximum of 100 mm (as measured acrnss the widest

part of the device),

3.1.2. Pan handle grip force measurement (Plate 3.3.)

This consisted of a hollow aluminium body externally shaped as
a typical pan handle, fastened to a milk pan body. Inside the handle
were two riqgidlv clamped mild steel cantilevers of size 15 mm x 5 mm
x 3 mm. Each cantilever had two strain gauges secured to it; all
four being connected in a full bridge to achieve maximum sensitivity.

One side of the handle was free to move in linear bearings sited
at each end of the main body. These bearings ensured that any
movement of the free side was perpendicular to the cantilevers.,

Force was transmitted to the cantilevers via two small nush rods

fastened on the inside of the free handle. Figure 3.2. shows the
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general details of the pan handle.

3.1.3, Kettle handle grip force measurement (Plate 3.3.)

The handle consisted again of an aluminium body, shaped as a
typical kettle handle. This was fastened to same milk pan body as
the pan handle, in order to utilise the same lifting force
measurement transducer arrangement (see following section, 3.1.4.).
The top face of the handle was free to move, and a push rod on its
underside acted against a rigidly fixed mild steel cantilever of size
30 mm x 10 mm x 3 mm. Perpendicular movement of the top face was
ensured by constraining it in roller bearings, fastened at either end
of the handle (Figure 3.3.).

Four strain gauges were attached, in a full bridge configuration,

to the cantilever.

3.1.4, Lifting force measurement (Plate 3.4.)

This consisted of two aluminium cantilevers, 15 mm x 10 mm x
2 mm, one fixed parallel to the pan base and the other fixed parallel
to a rigid base. Each transducer was connected by a twin-rate spring
in order to limit the lifting movement over a large range of lifting
force., For weak patients a low rate spring was necessary in order to
provide a small amount of lifting movement. This spring was limited
in movement by a cable, which stopped any plastic extension of the
spring when used by the stronger patients. A stronger spring then
took over limiting the lift movement, A safety chain was also
included to protect the transducers, the high rate spring and the
electrical connections from extreme movement. Each cantilever was
attached with four strain gauges in the usual full bridge

configuration for maximum sensitivity.
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Initially, it was thought that this arrangement would be
satisfactory. Unfortunately, the lifting techniques used were so
variable, including variable degrees of pan body tilting and
horizontal movement. This ensured that it was not alwavs possible to
obtain the true lifting force.

To improve this situation a third U-beam transducer, with a full
bridge configuration was made up and tried,; successfully, at the end
of the project. This was located bhetween the two restraining springs
and therefore enabled a direct measure of the lifting force. With
this new arrangement it will bhe possible, from the recorded forces,
to calculate the angle of pan body tilt and the direction of pull of
the 1ift (Figure 3.4.).

Plate 3.4. shows the rigid aluminium framework used to support
the pan body and lift force measuring transducers. The pan rested on
a 270 degree arc of aluminium connected by three legs, 12.5 mm
diameter and 165 mm in lenqgth, to a hottom plate of 200 mm diameter
and 10 mm thickness. The lower transducer was secured to this plate,
which in turn was fastened to the top shelf of the wooden cabinet
shown in Plate 3.1. This ensured that the pan was at a height,

910 mm, which is typical of a kitchen work-top or cooker.

3.1.5. Key unit (Plate 3.5.)

This device was designed by A Robertson (1981) as a final year
project to investigate the variation of lateral pinch force and the
torque, that the hand - wrist can apply to a simulated key,; with
pronation and supination.

The torque was measured using two full bridge strain gauged
aluminium tubes, of different cross-sections to give two sensitivities

of measurement. This allows accurate measurement of subjects of low
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and high strenath. A sliding ratchet mechanism was used to select
the correct sensitivity and to fix the key at set angles, in
fifteen degree steps, of pronation and supination.

Figqure 3.5. shows the arrangement to measure the lateral nrinch
force. The applied force caused the hending of two aluminium
cantilevers which were rigidly fixed tonether at one end. Strain
gauges, in a ful) bridged configuration were secured to one
cantilever for force measurement. 7Two sensitivities were arranged
by having two devices; one with a smaller cross-section of cantilever
for higher sensitivity.

The two pinch transducers were connected through gears to the
torque tube. This ensured that the platens had the same rotation as

the key.

3.1.6. Key unit attachments

Three attachments were designed to fix to the key unit to

measure other parameters of hand function.

a) Tube twist

This consisted of two 150 mm long smooth tubes of 30 mm and
80 mm diameter, which were slotted over the simulated key. These
could be twisted horizontally or vertically. Horizontally they
could simulate a cloth wringing-out activity, while vertically they
could be used to simulate container lids. The small tube
representing say a bottle cap while the large tube could represent a

jam jar 1lid.

b) Extension force
All the devices detailed so far have only involved finger flexion.

To obtain a measurement of finger extension force a flat wooden block
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was placed in front of the key unit so that the horizontal ninch

platens were resting on the block (Figure 3.6.).

3.2, Electronic Circuitry

Figure 3.7. shows the basic svstem for ohtaining the force
detected by a single strain gauge bridge. To ensure that the

amplifier has zero output at zero apnlied strain, the resistive

unbalance, due to variations in the resistances of the strain gauges,

was eliminated. These variations were caused by the manufacturing

process and the fixing of the strain gauges to the cantilever. The
balance was done by the bridge conditioner. The excitation voltage

(5 V r.m.s. at 5 kHz) and quadrature (capacitive) unbalance control

was provided by the amplifier,

78,

When strained, the strain gauge bridge provided a few millivolts

imhalance. The amplifier removed this from the carrier frequency of

the excitation voltage and raised it to a few volts. This signal was

then converted from this analogue form to a digital form by an eight

bit analogue to digital converter (ADC). This digital signal, a
number between 0 and 255, was transferred to the computer on eight
lines, each line representing one bit of the digital code. The
computer then converted this code to the applied force using the
calibration factors stored in its memory.

In practice, the conditioning unit accepted up to ten bridge
circuits and using relays it switched all four bridge connections
simultaneously., The unit provided individual bridge balancing and
manual or automatic selection of the bridge circuits. Automatic
selection was achieved by using logic control signals from the
computer. Bridges not selected were supplied with a current to

reduce any 'warming up' effects of the strain gauges on selection.
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When selected, a bridge was connected directly to the amplifier.
Any imbalance produced by straining the bridges was amplified to give
an output, proportional to the apnlied strain, in a OV to 10V
range. A voltage divider circuit then reduced this to a OV to 2.5V
range; 2,5 V being the maximum rating of the ADC.

Initially, ten channels were sufficient because the individual
devices on the key unit were manual selected (Figure 3.8.a). This
proved to be a cumbersome arrangement, so a second 4-channel
conditioning unit was built up using analogue semi-conductor switches
instead of relays. This then allowed auto-selection of the key unit
devices and independent balancing (Figure 3.8.b). The use of
semi-conductor switches caused a reduction in sensitivity of the
devices because of the inherant residual resistance when the switch
was ‘on'.

An eight input multiplexer was inserted between the amplifier
and ADC. This allowed the sampling of signals other than from the
strain gauge bridaes. It was primarily inserted to allow the
interface of the finger arthrograph (see paragraph 3.4.) with
the system,

The multiplexer output was connected to the ADC input and to a
voltmeter for visual monitoring of the amplified signal. The ADC
output was connected via an eight line bus to an interface port in
the computer. Figure 3.9. shows a schematic diagram of all the
electronic circuits and the associated logic lines used to control
the switching (paragraph 3.3.). The electronic circuitry was
installed on the shelves of the wooden cabinet used to supp;rt the
pan and kettle devices (Plate 3.1.).

The amplifier (Type 2028A), 10 channel conditioning unit

(Type 2063) and power supply with voltmeter (Type 203L4) were
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purchased from RDP Electronics Ltd., Wolverhampton. The rest of the
circuitry was constructed during the course of the project. The

circuit diagrams appear in Appendix 2.

3.3, Computer

This was an Apple Luroplus IT 48K microcomputer, supplied by
Dawne Instruments, Gateshead. A display monitor, paner printer and
two maanetic floppy disc drives completed the computer svstem. The
computer and its peripheral devices can be seen in Plate 3.1.

In order to use the comnuter to control the svstem it had to he
interfaced to the electronic circuitry., This was done using a Tvpe
D109 digital interface card suprlied by Data KEfficiency,

" Hemel Hempstead. The card plugaged into a socket in the rear of the
computer, providinag thirtvy two separate lines for data transfer
(input or output) and eight control lines to supervise the transfer.
The computer, via its software, transmitted the required logic
signals, to select the correct transducer, to the multiplexer and
both conditioning units,

Data from the ADC, which also required controlling with logic
signals, was directed to the memory registers of the D109. The
software retrieved this data and after processing it, displayed the
results in graphical and numerical form on the monitor. The results
wvere also printed out on paper and stored on floppy disc. A fuller
description of the operation of the D109 interface card is given in

Appendix 3.

3.4. Arthrograph (Plate 3.6.)

During the course of the project it was decided to interface a

finger arthrogranh to the system. The arthrograph (Unsworth et al.






1082) was used to measure the stiffness of the metacarpophalangeal
(MCP) joint of the right hand index finger (Yung et al. 1983). The
stiffness of the MCP joint was defined as the torque required to
move the finger a known angular distance, in either flexion or
extension, from its equilibrium position. This was the angular
position of the finger where no flexor or extension tendon forces
acted,

The forearm rested on top of the wooden rlatform with the
finaers {except the index finner) wrapned looscly around the circular
block. The index finger was secured by an elastic sling to an
inverted 'V' holder (Plate 3.7.). This holder was oscillated over
# I decrees at a frequency of 0.1 Hz, and could be placed in any
finger position from five degrees of extension to seventy degrees of
flexion. The centre of rotation of the holder was aligned with the
centre of rotation of the MCP joint using a small plastic tool that
fitted over the MCP joint. The holder was connected to its axis of
rotation by a full bridged strain gauged stainless steel cantilever.
This measured the torque required to move the finger through
the oscillation,

Angular position of the finger was measured using a
potentiometer fastened to a main drive pully., This was used as a
voltage divider with the output being proportional to the angular
position. In the first instance the arthrograph was connected to a
flat bed XYt recorder; the torque and angular positions being platted
on the vertical and horizontal axis respectively,

The finger was oscillated at ten degree intervals as it was move
from extension to flexion and vice versa. Figure 3,10. shows a
typical recording obtained. Direct measurements from the recordings

included finding the area of each loop, using a planimeter, which was
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the energy loss of the finger during movement. The equilibrium
position and stiffness for flexor and extensor movements were
obtained by joining the mid-points of each loop. Where this
interpolation crossed the zero torque axis was the equilibrium
position for that motion., Stiffness of the joint was obtained by
finding the interpolated torque a fixed rotation from equilibrium,

By interfacina the arthroqaraph to the svstem, some of these
tedious measurements and calculations could be done automatically.
The interfacing was carried out hyv connecting the strain gauged
bridge to the ten channel conditioring unit and the angular position
potentiometer to a multinplexer channel. 3 proaram was written to
control the electronic circuitry and to calculate all the results,

During initial trials of the interfaced svstem, the accuracy of
the angular position notentiometer in measuring finger nosition, and
hence the enerqgyv loss calculation, was found to he too restricted,
This was bhecause the potentiometer was used to measure both the
overall nosition in flexion or extension (a seventy five degree range)
and the position during oscillation (£ 4 degrees). WYhile this
arrangement was satisfactory for the overall position and for recording
on the XYt recorder, the position during oscillation was inaccurate,
This was bhecause the voltage chanqge over this small range was too
small and produced insufficient variation in the ADC outnut,

To remedv the situation, a second potentiometer was added. This
was fastened to the transport cradle and driven directly by the
scotch yoke mechanism using a rack and pinion. A schematic diagram of
the arrangement is given in Fiqure 3.11. Due to the gearing, this
second potentiometer moved over a ninety degree oscillation thus
providing a mich more satisfactory voltage change and hence improving

the accuracy of the oscillation position and energy loss.
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The first potentiometer was still required to measure the
overall position because the second potentiometer's rotation was
constant and did not vary with finger holder position. It was also
used to drive the XYt to obtain a complete recording of all the
measurement loops. The interface of the arthroaranh with the rest of
the system is shown in Figure 3.12,

At the same time as this modification it was realised that a
further improvement in the operation could be obtained by increasing
the amplitude of oscillation to twenty degrees. From an initial
arbitrarily chosen position the finger was oscillated and since the
finger novw travelled through a large angle it would most probably
pass through the equilibrium positions. These were then located
using the computer and the finger holder moved so that it
oscillated about the mean equilibrium position.

Prior to using the computer no easy method was available for
finding the equilibrium positions. That was why several loops over a
large angular range of finger movement were required. As the finger
now oscillated about its equilibrium position a direct measure of
MCP stiffness and energy loss was obtained., Also direct subject
comparison would be possible as all subjects would be measured from

the same anatomical position,

3.5, Software

3.5.1. Hand assessment

The software required to the system required three principal

features.

a) Electronic circuit control was required to switch in the correct
force transducer and its corresponding circuitry as and when

required,
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b) Data handling. The computer had to collect data from each
transducer, process it and present the results., These then needed to
be displayed on the computer monitor screen or printer and stored on

magnetic floppv disc,

¢) Simplicity of operation. This was an important design feature
to enable a non-technical operator to use the system without

special training. This meant keeping operator interaction to a
minimum and as simple as possible with easy to follow instructions.
Also, a simple display of the results was needed to ensure that they

were quickly understood without resorting to special interpretation.

Throughout the development of the system the software was
continually changed as simpler programing techniques were
formulated and operating methods were improved. Figure 3.13. shows
a flow-chart and program listing can be found in Appendicies 4 and 5§
respectively. From Fiqure 3.13. can be seen the main sections of

the software., These are described below:-

a) Start up

On switching on the computer power supply, the controlling
software was loaded automatically into the operational memory, from
its floppy disc storage. It was intended that once started, as only
hand assessment was carried out, there would be no necessity to stop
the program. Therefore the first interaction required by the

operator was to type in the date.

b) 1Initialisation
This section sets the operating registers of the D109 interface
card. This defines their use,; preparing them for circuit control and

data handling. Appendix 3 gives a detailed account of the

92.
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initialisation and operation of this interface. Once initialised the
data required for program operation was read from the software. This
included the calibration factors and the conditioning unit and
multiplexer switching values. These were all assigned to arrays
within the program.

The operator was then prompted; by the computer, as to whether
amplifier calibration or conditioning unit zeroing was required. It
was found that both of these units were electrically stable.
Therefore, it was only necessary to carry out this procedure
infrequently. However, since this was a preliminary investigation,
the calibration and zeroes were checked daily. This utilised a
second program, listed in Appendix 6, which was automatically
extracted from disc storage as reduired. When completed, the
comnuter was returned to the start of the main program. Two programs
were used in an effort to reduce the memory space required by the
main program, The calibration and zeroing program was again designed
so that non-technical operators could follow it through easily. With
a little training the process could be done much quicker manually,
using the voltmeter to check the calibration and zero signals. The
program displayed simple to follow instructions. All the operator was
required to do was to operate, when prompted, each control knob until
the correct value was displaved on the monitor; and then to proceed to

the next instruction.

c) Patient details
Plate 3.8. shows the monitor display for this section.” It shows
how the operator was prompted to type in brief details of the patient

to be measured. These details were a test number, the patient's date

of birth and their dominant hand.
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d) Device menu

The next display (Plate 3.9.) listed the measuring devices, some
control instructions and their corresmvonding codes. These control
instructions will be described under part h) of this section. The
operator selected a device by tyning the correct code as indicated on
the displav. The necessarv circuitry for that device was then
switched by the computer. A check on the zero of each channel used
bv the device was then initiated. The output from each channel was
detected and if anv gave an ADC output of over five (less than 123 or
areater than 13? for anti-clockwise and rlockwise twists) an error
message was disrlaved and the software returned to device menu
disnlav to enable recalibration. Tf no error was returned the slight
zero errors obtained were stored to be subtracted from the test data
collected. After this the disnlay changed to a prompt telling the
operator that all was ready and giving instructions on how to proceed

with data collection.

e) Data collection

This was initiated by pressing the small button on either of the
computers hand held controllers. For the power grip, nan and kettle
devices data was collected for as long as the button was depressed.
This technique was found necessary to accommodate the large variation
in the time required for a patient to tackle the task. All the other
devices had a satisfactory data collection using a fixed time,
therefore it was necessaryv to keep the button depressed. Generally
for the power qrip, pan and kettle devices the collection time ranged
from three to seven seconds. Individual finger tests (pulp pinch and
extension) had a collection time of two seconds per finger and the

other devices were fixed at four seconds,
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f) Results

\s soon as the data had been collected the program calculated
the force results using the calihration factors. The results were
then displaved in graphical form (Mlate 3.10.a) followed by numerical
form (Plate 3.10.b). The nlates show as an examnle the results of a
power grip test. The horizontal axis of the araph represents time
{seconds) and the vertical axis the anplied force (newtons). Both
axes were variable and were set by the maximum value obtained during
the test. The maximum values obtained from each transducer during a
test were indicated on the plot by short vertical bars. In the case
of the power grip an extra plot was added, the sum of the four
transducers i.e. the power grip. This was plotted using plus signs
with the maximum being indicated bv a short horizontal line over the
plus sign. These maximum results were displayed in the numerical
display, which came into view immediately after the

graphical display.

g) GStoraaqe

From these two displays the operator then received a prompt to
ask if the results were to be stored on floppy disc. A ‘'YES*® or 'Y’
response initiated a storage routine in which the operator was
required to type in the hand used in the test and, if necessary, the
direction of twist. The results weras stored sequentially on the
floppy disc, to maximise disc use. After storage the details of the
test were printed out on the printer (Figure 3.14.,). After the first
device test on a patient, the patient details and results were printed.
Subsequently, in the same patient session, only the device type and
the maximum results were printed. The software then returned to the

device menu display.
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h) Device menu

From here it was possible to test the same patient again using
the same device or one of the other devices. By using a control code
(Plate 3.9.) the software could be instructed either to stop, return
to the natient details display so that a second patient could be
tested, or transfer to the calibration routine if it was felt
necessary to check the amplifier and zero levels of the bridges,

Since only the maximum results were printed out during a
measurement, it was necessary to provide another computer program,
Appendix 7, to allow the operator to extract from the floppy disc the
complete set of results from a measurement session. A typical
print-out of these results can be found in Appendix 8. There was

also another program to extract single device results.

3.5.2. Arthrograph

For the arthrograph, the software was required to control the
electronic circuitry, collect the data of the ADC, and calculate and
display the results. An outline flow-chart of the program is given
in Figure 3.15,

The proaram started in the same way as that for hand assessment.
First the D109 interface card had to be initialised,; the program
variables set and the calibration factors read. A prompt was
displayed telling the operator to collect a zero strain reading prior
to inserting the patient's finger in the holder. This was done by
the computer as soon as the control button was pressed. After finger
insertion, the operator was prompted to start the oscillation of the
finger. Data was then collected, from the pressing of the control

button, for a complete cycle. The data being collected in torque and

angle pairs. The results, calculated from this data, were then
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searched for points of zero torque or points either side of zero,
The mean of these giving the equilibrium position which was then
displaved on the monitor.

The operator then had the choice to either perform another
equilibrium position search or to proceed with the test. Proceeding
the operator manually rotated the finger holder, and finger, so that
it oscillated about the previously found equilibrium position.
Another data collection loop was initiated by pressing the control
button. This time a trace was recorded on an XYt flat bed pletter
and a full set of calculations were performed on the collected data.
The calculations were the minimum to maximum torque, the mean slope,
calculated using a regression equation on all the collected data,; the
loop area, calculated using Simpsons Rule, the equilibrium position
of the finger as it moved in flexion and extension and finally the
finger stiffness, calculated from the regression slope as the torque
obtained at a fixed distance from equilibrium.

These results were displayed on the monitor and printed out.
Another loop was then measured and when enough results were obtained
another patient could be measured. At all points through the program

simple to follow instructions were always given.
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CHAPTER 4

MATERIALS AND METHOD
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MATERTALS AND METHOD

4.1, Device Calibration

The calibration of each transducer was obtained by the stepwise
addition, or subtraction, of load onto the transducer's operating
surface., The load was applied to the power grip, pan and kettle
devices using an Instron 3522 compression testing machine. The
other devices had dead weights, previously checked using the Instron,
huna from their operating surface. To calibrate the twist devicesv
the dead weights were hung from a moment arm. Each device was
calibrated several times and for each set of results a regression
line was calculated between the applied load and the ADC output. The
calibration factors were calculated as the mean value of the
regression slopes ohtained. These were inserted into the controlling
software.

The arthrograph was calibrated for toraque by hanging weights
from a thread which passed over a low friction pulley to a tube
fastened centrally in the 'V' holder. The angular calibration used a
protractor attached to the arthrograph. These factors were also
inserted into the relevant software.

To assess the accuracy and precision of each transducer, known
loads were repeatedly applied, using either the Instron machine or
hanaing dead weights. The accuracy {(variation due to systematic
errors) was calculated as the mean percentage discrepancy between the
applied load and the system's output. A guide to the nrecision
(variation due to random errors) was calculated as the 95% confidence
limits of the accuracy. These limits are the range between which

there is a 95% confidence that the mean accuracy lies. They are

given by:-




where t 05 = value of t for 95% confidence,
o = standard deviation,
n = number of results.

L.,2. Healthy Subjects

Volunteers from within the university and hospital departments
were measured using each device to obtain an indication of the range
of results to bhe expected from healthy subjects.

To assess subject variabilitv of results, several subjects were
repeatedly measured on the same device. Initially, the subjects had
eight measurements taken consecutively over a twenty minute period.
Each measurement was followed by an approximate two minute rest
period in order to reduce muscle fatigue. However, it bhecame
apparent from personal observation that as well as muscle fatigue,
patient motivation could also present a problem. Therefore, the
measurements were split into two sets of four, each set being
measured at the same time on two consecutive days, =1 as not to

introduce any circadian variation.

4,3, Patients With Rheumatoid Arthritis

Volunteers from three sources were assessed objectively using
the assessment system. The sources were:-
i) A drug trial of drug treatment for
rheumatoid arthritis

ii) The Rheumatoloqy out-patient clinic
iii) The Rheumatoloqy ward (in-patients)

4,3.1. The drug trial out-patient clinic

Patients attending this clinic were in an investigation of

106.
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second line treatment of rheumatoid arthritis. A gold preparation,
for oral administration, was being assessed against nenicillamine
-treatment, the effects of which are well documented. Gold has bheen
used for a }Ang time in the treatment of rheumatoid arthritis, but in
its traditional férm needs to be given as an intramuscular injection
of sodium éurothiomalate,

The patients studied, Table L.,1., were generally in the early
stages of the disease having very little or no hand deformity, or any
other outward indica£ion of disease activity. In the clinic the
patients had their joint involvement assessed b& the clinician using
the Ritchie Articular Index (Ritchie et al, 1968)., This involved the
application of firm pressure to each joint and scoring according to
the patient's reaction. The scoring was O no pain, 1 tender, 2 sore,
aﬁd 3 very sore and patienf withdraws., Grip strength was assessed
using a cuff inflated to 30 mm of mercury. The proximal
interphalangeai-(PIP) joints had their circumferences measured,
using a proprietary device, to assess any swelling. The device
‘consisted of a spring loaded strip of plastic which curved around the
finger. The circumferenchwas registered on a 40 mm to 100 mm scale,
though to read below 49 mm required manual retraction. Recause of
the rigidity and curvature of tﬁe plastic, changes in finger
orientation could cause a é to 3 mm difference.

The patients also had to complete two visual analogue scales
(VAS) to assess subjectively their pain and general condition. The
scales were 100 mm long.horizontal lines labelled on the left side
with ‘Couldn't be worse'., The right side was labelled with 'No
pain' and ‘'Couldn't be better' for the pain and condition
QAS respectively. -

" Blood samples wvere obtained for biochemical, haemotological and




PATIANT | S5X | AGE WHEN MEZASURED N
( weeks from admission )

GMA F 55 4.,9,20 3
NA F 58 o,4,// 2
AHD M 65 0,16,20,23,28 5
DE M 50 4,9,13,17,20,24 6
GD M 50 0,6 2
GG M 4y 0, + 1
GH F 73 0, *® 1
TK M 60 0,2,8 3
IEJ F 64 8,16,20,23,28 5
LAO F 4s 2,4,8,12,16,20,24 7
DS F 57 12,15,21,23, 31 5
3s 51 0 1
ES 52 6:,13,17,25,29 5

TABLE 4.1,

Patients attending the drug trial

clinic

N- idumber of times measured

108,

//~- removed from trial, gastric trouble

+= unable to delay, work
*~ infirm lady,

withdrew from study
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immun ological analyses. The biochemical analysis included sodium,
potassium, urate etc., the haemotological analysis included blood
cell counts, plasma viscosity, haematocrit, haemoglobin etc. The
immun ological analysis measured the levels of the immunoglobulins
(éntibodies\, proteins (albumin and globulin) in the blood and the

rheumatoid factor.

4,3.2. Rheumatology out-patient clinic

These out-patients (Table 4.2.) were required to attend at
reqular intervals, from weekly to monthly, for injections, blood
tests and clinical examination. They were long term patients; being
verv weak and with some hand deformity. Unfortunately, it was
difficult to ensure that natients were regularly measured due to

their social activities or state of general health.

4.3.3. Rheumatology ward

The svstem was moved into the ward in an attempt to ohtain some
short term monitoring. Here, ten patients (Table 4.3.) were measured
every few days duripg their period of hospitalisation. They were
admitted for assessment of and stabilisation of the disease activity
or any other treatment found necessary e.g. joint injection or
surgical intervention.

During their stay, the patients had daily physiotherapy and
occupational therapy. The physiotherapy varied depending on the
patient. For the hands it involved the use of hot wax, hot water, ice
and ultrasonic treatment together with passive and active exercise.
The hot wax was applied by dipping the hand, up to the wrist, six

times into a wax bath maintained at 5800° A polythene bag and thick

blanket were used to insulate the waxed hand, to slow down its
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PATIZHT | SEX | 4GE WHEL 4SASURSED N
( weeks from start )

MA F 47 0 1
CLB M 4o 0,12,22 3
0B F 53 0 1
Jc F 39 O,4,7,13 4
JD M 37 0,4,20 3
aCF F 61 0,8,13,17 4
4 F ) 0,4, // 2
EJ I 50 0,16 2
SAK F 4o 0 1
GEL M 66 0,4,17,20, + 4
JH F b 0,4,8, 3
KO 61 0 1
DW M 63 0,12,20,22, " 4
JW M 62 0 1
JWn M 65 0,8,12,24 4

TABLE 4.2, Patients attending the
rheumatology clinic

N= number of times measured

//- stopped atitending

+= hospitalisation from 7 to 11 weeks
"- hoscitalisation from 4 to 6 weeks

-~ foot in plaster, unable to attend
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PATIENT | 58X | AGE WHEN MZ..SUXED N
( days from adiission )

CUA M 68 1,%,9,14,16,20 6
PMB F 67 0,4,6,3,12 5
GB M g4 1,4,8 3
qc M 81 O,k 2
e F 55 0,2,6,8,10,14 6
£F F 62 0,2,6 3
GM M 69 0,3,7 3
RP M 61 395,7,11 4
JS M 74 0,2,6,3,10,14 6
JW M 53 0,347 )

TABLE 4.3, Patients attending the
rheumatology ward

N Number of times measured
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cooling, When cold, about ten to fifteen minutes, the wax was
peeled off and rolled into a ball by the patient and used for active
exercises such as squeezing. Hot water treatment involved immersing
the hand in a bath, initially at Lo c for around ten minutes.
Ultrasonic treatment lasted only a few minutes and was used to stop
the build up of scar tissue on tendons. Local swelling may also be
reduced, the vibrations causing the break up of the oedema which can
then disperse interstitially. Active exercise ranged from fine
manipulation (small peq moving using all fingers) to power exercise
{squeezing wax). Passive exercise by the physiotherapist was
performed to improve a specific joints motion.

Occupational therapy consisted of tasks that required a degree
of eye to hand co-ordination. Tasks such as cane weaving and cookery

were used.

4,4, Physiotherapy Out-patient Hand Clinic

This was attendea by patients with a wide variety of hand
disorders, from arth;itis to finqer amputation. It was attempted to
measure these patients at fortnightly intervals, but it was discovered
that, in general, patients were reckoned to have sufficient
improvement to be discharged after only four weeks. Therefore, only a
small number of long term patients were measured. Table 4.4. details
the patients measured. Again, the treatment given varied from
patient to patient. As in the rheumatology ward it involved hot wax
and water, ultrasonic treatment and exercise, both passive

and active,

4,5, Method

On first showing a patient to the measuring system, they were
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PATIEIT | SEX | AGE W.IEN MEASURED N
( weeks from admission )
WA 62 0 1
JA F 51 0,3 2
FB F 50 0,2,4,7 b
JB F 23 2,4,6,9 4
DC 58 2,4 2
GC 42 0,2 2
AKC 20 0,2,4 3
JF 54 0,2 2
SH F 63 0,1 2
BH 50 2 1
WH M 22 2,4 2
DJ M 53 4,6,8 3
IL M 28 1,2 2
PHc M 29 0,2 2
AGM kg 547410,18 4
PM 51 2,4 2
LM L6 0 1
oM 72 2,4,6,8,10 5
GR M 55 0,1 2
JR F 48 2,4 2
AGR M 23 0,2,4,6 4
FS M 64 12,14,16,19,28 5
VS 69 0,2,5 3
AES 46 0,2,5 3
Lw 68 1,3 2
TABLE 4.4, Patients attending the physiétherapy

clinic

N- number of times measured
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seated in front of the cabinet and given a brief introduction to the
project and a short summary of what they would be exnected to do.
They were then asked about their general state of health, about their
(Figure &1)
hands and how they coped with evervday tasksN For the patients from
the rheumatology ward, a VAS was introduced. This was similar to
that used in the drug trial but lahelled at either end with 'Poorly’
and 'Very well'. The patient nlaced a mark along the line in
response to a question on how thev subjectively assessed their hands,

All the patients had hoth hands measured using the power arin,
pan, kettle, key and tube twist, lateral and pulp pinch and
extension devices. The nan, kettle and pulp nrinch renquired the
patient to stand, while thev remained seated for the rest.

For the pan and kettle devices the patient was required to lift
the pan body, as much as they could, acainst the restraining springs.
To do this, thev were asked to lift by the appronriate handle as
normally as possible. TDlate 4.1, shows a typical pan lift.

Pulp pinch was measured bv standing the Key unit on its end on a
wooden support on the nlatform attached to the cabinet. The patient
squeezed the platens together, as hard as possible, using the pulps
of the thumb and each finger in turn (Plate %.2.). If possible all
the fingers were measured. However, if the natient had a large
amount of ulnar deviation, opposition of all fingers, by the thumb,
was not always rossible. To determine which pinch was to be used,
the patients first gently squeezed the fine pinch platens. If they
succeeded in closing the gap they were measured using the coarse
pulp pinch platens.

For the power grip and other key unit devices the patients sat
upright in a chair with forearms horizontal. In power arip the

forearm rested on the chairarm with the elbow set at ninety degrees



How are yo

If not so
How are yo
Are they f
than last
How have t

How are yo
thumbs to-

Does any p
If so, whi
How do you
How do you
How do you
How do you

Wnat other
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PATIE..T QUESTIONNAIRE

u feeling to=-day? Very uite Not so

well well good Poorly
good, wnat is wrong?
ur nands to-day? Very Quite Not so

well well good Poorly
eeling any better Yes a Just a Same A bit A lot
time you were here? lot little worse worse
hey changed?
ur fingers and Very Quite Not so
day? well well good Poorly

articular finger or thumb feel different? Yes/No
ch?

cope with a saucepan?

cope with a kettle?

cope with keys?

cope with lids?

handling activities cause you trouble?

FIGURE 4.7, Patient Questionnaire
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and the device held vertically (Plate %4#.3.). The key unit was placed
on a small table in front of the patient. The elbow was therefore
set at over ninetv degrees hecause the unit was situated slightly
forward of the patient's knees. It was not possible to accommodate
the knees comfortably under the table. In all cases the fine key
device was found adequate for maximum key torque measurement.
Maximum effort was applied by the left hand anti-clockwise and by
the right hand in a clockwise direction (Plate 4#.4.). In tube twist
the unit was set at right angles to the patient with tube inserted
over the key. The patient gripped the tube by placing the fingers
over the top. The tube was then twisted away from the patient, as in
wringing out a cloth, as hard as possible (Plate 4.5.).

For lateral pinch, the pinch platens were rotated until they
were vertical. The coarse platens were then squeezed together, as
hard as possible, between the patient's thumb pulp and the lateral
aspect of the medial phalanx of the index finger (Plate 4.6.).

Measurement of extension force was made by placing the key unit
onto a bhaseboard as detailed in paragraph 3.1.5. The patient’s hand
was then placed palm down onto the supporting block with the finger
to be measured under the lower fine pinch platen. The platens being
rotated till horizontal first. Using soft pads the hand was raised
until the finger nail just touched the underside of the platen. A
small wedge was inserted above the upper platform to stop the
transducer from lifting. All four fingers were measured, each
extending as much as possible while the operator restrained the other
fingers from lifting at the same time (Plate 4.7.).

For all devices the patients and subjects were allowed a single
practice, so that they were aware of the 'feel' of the device. This

also enabled them to adjust to their most comfortable position,
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Prior to each test vocal instructions were given., These were of
the form:-

'Grip/lift/squeeze the device as hard/much as

you can and hold it for a short time until

told to relax.'
No instructions on the technique to be used and no encouragement
during the measurement period were given.

Power grip, pan and kettle device data was collected for
between four and eight seconds depending on the speed of the patient.
Lateral pinch, key and tube twist had data collected for four
seconds while the remaining devices had a data collection time of
two seconds per finger.

Even though patients were measured only once per device per
hand, a complete measurement session took approximately thirty
minutes. However, during the time the majority of it was spent
seated waiting for the system to perform its various tasks,

calculating, displaying and storing the results.
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CHASTER 5

RESULTS

Please note:=
The figures referred to in this chapter are

located, in sequential order, after the text.
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RESULTS

5.1. Calibration, Accuracy And Precision

The calibration factors,; accuracy and precision of each
transducer are given in Figure 5.1. The accuracy of the transducers
ranged from -0.7% to 4.0% of the true value with a precision of

better than =4 4%

5.2. Healthvy Subject Measurement

Figures 5.2. to 5.8. are scatter diagrams of the maximum forces
obtained, by healthy subjects, on each device. The mean, standard
deviation, minimum, maximum and skewness values of the results are
given, for each device, in Figure 5.9,

The scatter diagrams show very clearly the large ranqge of forces
that need to be accommodated when measuring a human population. This
was also indicated by the relatively large standard deviations, and
the range of the forces measured (the maximum minus the
minimum values).

The pan and kettle results include the lower and upper
transducer measurements of lifting force and two measurements of
handle qgrip force. The lifting force transducers were rigidly fixed
with their cantilevers fixed parallel to their respective bases. The
lower transducer was fixed to the instrumentation cabinet and the
upper one to the bottom of the pan body. Each transducer measured the
component of lifting force perpendicular to the cantilever,

Examination of this arrangement reveals that five techniques of
lifting a pan, or kettle, will give different relationships between
the two transducers., These techniques are shown in Figure 5,10,

and are:-
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a) A vertical lift with a horizontal pan body.
b) A non-vertical lift with a horizontal pan body.
¢) A vertical lift with a tilted pan body.

d) A non-vertical 1lift, with the pan body at right angles to the

1lift and direction.

e) A non-vertical 1ift with the pan body tilted to the

1ift direction.

When either device was lifted, the tilt of the pan body and the
direction of lift, caused a reduction in the perpendicular components
of the lifting force measured by each transducer. The reduction of
the lower measurements was related to the direction of 1lift, while
the upper measurements also depended on this as well as the body
tilt. Therefore, with this transducer arrangement the true lifting
force could not be measured or calculated.

The two handle grip forces measured were:-

a) The maximum force applird to the device handle during the

lifting period.

b) The grip force applied to the handle coincident with the maximum

lift of the device.

From the mean results in Figure 5.9., it can be seen that a few
devices had a skewed distribution of results. Skewness is a measure
of the assymmetry of the population distribution, with increasing
positive values indicating an increasing tendency for the populations
to cluster to the left of the mean. Negative values cluster to the

right of the mean. Of the forty eight distributions, fourteen
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indicated significant skewness at the 5% level of significance and_
nine at the 1% level. The pan handle grip forces (both the maximum
and that measured at maximum 1lift), the pan lifting force (upper
transducer) and the kettle lifting forces (upper and lower) indicated
hilateral skewness. Unilateral skewness was observed with the pan
lifting force (lower) and both kettle handle grip forces and with

two of the extension forces (the index and middle fingers). These
skewed distributions are not readily apparent in the scatter diagrams

(Figures 5.2. to 5.8.).

5.2.1. Subject variability

The means,; standard deviations and coefficients of variation of
the results obtained from the repeated measurement of a single
subject are shown, for each device, in Fiqures 5.11. to 5.15. The

coefficient of variation, defined bv:-

S . .
c = tandard Deviation x 100 per cent
Mean

is a useful measure for describing the relative variation o. a
sample. Since it is a ratio of the standard deviation and the mean,
it is independent of the units used.

The power grip, pan and lateral pinch results were obhtained first
using eight consecutive measurements. Secondly, they were obtained
from two sets of four measurements taken at the same time on

consecutive days.

Figure 5.16, compares hoth sets of results using the X statistic,
and shows that, for each transducer, the mean coefficients of
variation were similar. In the cases where there was significant

difference, the split measurements had the larger coefficients



of varijation.

A summary of the coefficients of variation ohtained from the
consecutive measurements, for each device, is given in Ficure 5.16.

and Ficure 5,18, shows the same results in gra~hical form.

5.2.2. Finger contribution to power arip

Takinag the maximum applied finaer force as a nercentage of the
power arip maximum, a measure of the contribution of the fingers to
the nower arin was obtained. The healthy suhiect contributions are
tabulated in Figure 5.19a and are shown as a scatter diagrem in
Figure 5.20, The results show that in either hand, the middle
finger had the largest mean contribution (37.0% and 37.3%) followed
by the rina finqer (20,7% and 28.3%), index finger (1R.9% and 19.5%)
and the little finner (16.4% and 16.5%).

For comparison, the results for Ohtsuki (1981a) are also given
in Fiqure 5.19a. A descrintion of the method used by Ohtsuki has
been aqiven previously in paragraph 2.4.2, His results vere
calculated using the hest of three exertions per subject. As in our
work, the percentages were calculated using the maximum force
ohtained during the approximate five second exertion.

The absolute values for the combined four finger exertion in
Ohtsuki's work were quoted at 383.2249N (left hand 1 one standard
deviation) and 429.2248N (richt hand). These were similar to the
results obtained here of 335.4288N (left) and 354.0174N (right).

The maximum finger force and the maximum power grip do not
always coincide. Therefore, several percentage contributions were
calculated using the finger forces coincident with the power grin
maxima. Both sets of results are compared in Figure 5.19b, and show

that no difference exists between them. Therefore, it was not
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necessary to obhtain a statistical comparison.

5.2.3. Pan kettle lifting and handle grip forces

Figure 5.21. shows histograms of the differences between the
measurements obtained from both 1ifting force transducers. DPositive
values indicate that the upper transducer, located within the pan
body, recorded the higher force. Both histograms have a scattered
distribution with medians of 3.8N and 6.8N for the pan and kettle
nopulations respectively. Roth vopulations can be seen to have a
higher proportion of positive values, as indicated by the medians,
showing that the upper transducer tended to record the highest forces.

Scatter diagrams of the upper transducer versus the lower
transducer forces (maximum recorded) are shown in Figures 5.22. to
5.25., together with details of the corresponding regression
analysis. This analysis shows the results to he well correlated with
coefficients in the range 0,91 to 0.99. The left and right handed
pan lifts had regression slopes of 0.72 and 0.66 with intercepts of
8.6N and 12,8N. The kettle 1ift regression slopes were 0.97 and 0.96
with intercepts of -3.9N and -1.1IN for left and right handed lifts
respectively., These results agree with the histogram results that
the upper transducer records the higher forces. They also indicate
a linear relationship, between the two measurements, throughout the
measured range.

Histograms of the differences between the maximum handle grip
forces and the maximum lift grip forces are shown in Figure 5,26,
These show scattered populations with medians of 23N and 19N for the
pan and kettle lifts respectively. The results are also plotted as
scatter diagrams in Figures 5,27. to 5.30. together with the

corresponding regression analyses. These show the correlation
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coefficients to be in the range of N.75 to 0.86 with regression line
slopes of 0.90 and 0,74 for the pan lifts and 1.29 and 1.48 for the
kettle lifts. Both sets had relatively high regression line
intercepts of 40.5N and 63.3N for the pan lifts and 17.2N and 15.9N
for the kettle lifts.

A slope of less than 1.0 as obtained for the pan lifts, would
seem to indicate that the maximum grip force was less than the grip
force at maximum 1ift. Examination of the results obtained (Appendicies

9 to 1) and of the scatter diagrams reveals that the maximum grip
force was always the larger. These low slopes can easily be

accommodated by the degree of scatter and the large intercepts.

5.2.4. Force-time curves

Figures 5.31. to 5.33. show the force-time curves obtained from
the power arip, pan and kettle measurements respectively. Force,
newtons, is represented by the vertical axis and time, seconds, from
the start of the measurement, by the horizontal axis. Both axes
intersect at the origin and have variable maxima. The ordinate
spacing is variable on the force axes, but the time axes all have the
same unity spacing. The maxima and spacing values, for the force axes
are given above each plot. The solid lines indicate the finger forces
labelled with T, M, R or L for index, middle, ring or little fingers
respectively. The power grip is represented by the plus signs.
Maximum results are indicated by vertical marks on the finger curves

and a horizontal mark on the power grip curve.

a) Power grip (Figure 5.31.)
No obvious pattern of the finger forces was apparent. The

forces applied by each finger appear to remain constant during the

power grip.
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b) Pan and kettle 1lift (Figure 5.32. and Figure 5.33.)

Each device appears to have basic force patterns of:-

Force | Force

—_ haadle 3riP
Litt

PAN KETTLE

For the pan, the lifting and handle grip forces simultaneously
increased to a maximum. The handle force then reduced slightly,
while the lifting force remained steady. On release; both forces
reduced rapidly. The handle force greatly exceeded the lifting
force. This was oppqsite to the kettle 1lift where the handle grip
was much less than the lifting force. The kettle handle gripping
force had a maximum, either just prior to the lift or just as the
lift was taken up. The handle force decreased during the 1lift, which

remained steadv. Both forces rapidly decreased on release,

5.2.5. Relationship between the 1lifting forces and handle grip forces

Scatter diagrams of the pan and kettle handle grip forces against
the mean lifting forces are shown in Figures 5.34. to 5.41. The
lifting force was taken as the mean of the maximum lower arid upper
1ift measuring transducers. The regression analysis details the
slopes, intercepts, correlation coefficients and zero correlation
significances, are tabulated in Figure 5.42,

No relationship was indicated between the mean lifting force and
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either the kettle handle grip forces or the pan handle grip force at
maximum lift., However, significant correlation was obtained with
the maximum pan handle grip force, with correlation coefficients of

0,56 and 0,59 for left and right handed lift respectively.

5¢3. Initial Measurements On Patients With Rheumatoid Arthritis

Figure 5.43, details the mean results ohtained from up to
thirty eight patients with rheumatoid arthritis.

The standard deviations and range (maximum minus minimum) had
relatively high values, the standard deviations being similar to
their corresponding mean value, Both results indicate a large
inter-patient variation, similar to that observed in the healthy
subject results.

As opposed to the healthy subject results, most of the device
results had a significant positive skewness, at the 5% level of
significance. These results indicating a tendency for the
measurements to cluster on the left hand side of the mean, that is
towards the zero side of the force axis. Only ten of the
forty eight distributions indicated no skewness (Probability>»0.05),
that is a symmetrical distribution. Of these, three distributions
were symmetrical bilaterally, and the other four were symmetrical
unilaterally. In each case the opposing hand distribution indicated
no skewness at bhetween the 5% and the 1% significance levels.

Scatter diaqrams of the initial measurements of patients with
arthritis are given in Figures 5.44, to 5.50. These clearly show the
wide range of measurements obtained and their clustering towards the
zero end of the force axis. The skewness was most evident in the
finger grip, pan lifting, the kettle handle maximum grip and the

kettle lifting forces.
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These initial measurements were obtained from patients
attending three rheumatoloqy clinics (Chapter &4). Figures 5.51., to
5.53. detail the results obtained split into their respective
clinics. An Analvsis of Variance (ANOVA) was obtained to determine
whether there was any significant difference between the
measurements ohtained fror the three sources. Figure 5.5h.
tabulates the ANOVA results ohtained, The F-ratio was used to
comnare the norulation means of each source, while Cochran's C-test
was used to test the homogereity of the variances., PBoth tests
revealed that in the maijority of cases no sianificant difference
(Prohability=0,01) was detectable between the sources. From

Figure 5,52, onlv a sinagle F-ratio and three Cochran's C-tests have

a Prohahbility of<0.01,

5.3.1. Finger contribution to power qgrip

Figure 5.55a details the mean nercentage finger contributions to
the maximum power agrip, obtained from the patients attending the three
rheumatoloqv clinics. A qgraphical comparison of the results to those
ohtained for healthy subjects is given in Figure 5.56,, clearly
showing the larger results variation obtained from the patients.

This was confirmed hy comnaring the variances of the healthy and
patient results using an F-ratio (Figure 5.55b). This showed that at
the 2.5% level, with the exception of the right middle finger, there
was a significant difference hetween the two groups. The means of
the percentage contributions were compared using the X-statistic.

Only three of the eight results showed any significant difference at

the 2% level.,
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5.3.2. Pan and kettle lifting and handle grip forces

Histoarams of the differences between the upper and lower
lifting force measurements are given in Fiqure 5.57.

Both show a neaked distribution with a hianh frequency of
nositive differences. The medians of each distribution were 2.4N
for the pan and 1.9N for the kettle lifting forces. Scatter
diagrams of the upner transducer forces acainst the lower forces are
shown in Fiqures 5.58. to 5.61. The=e show highly correlated
relationshins with coefficients of between 0.06 and 0.99. The
slopes of the corresponding regression lines were all in the range of
0.76 to N.92, indicating that the upper transducer recorded the
higher forces,

Histograms of the differences hetween hoth handle gripping
forces are qiven in Figures 5.62., Both distributions vere less
scattered than observed in healthy subjects (Fiqure 5.26.). The pan
handle differences were concentrated close to zero with a median of
4L .,ON while the kettle handle had a more even distribution with a
median of 12,6N., Scatter diagrams of the handle grip force at
maximum 1ift acainst the maximum grip force (Figures 5.63 to 5.66.)
indicate a high correlation hetween the two forceé. The regression
analy=sis revealed coefficients of 0,85 to 0.99 with regression line

slopes of 0,93 to 1.090.

5.3.3. Force-time curves

These are shown in Figures 5.67. to 5.69. for the powér qrip,
pan and kettle devices respectively, The horizontal axis represents
the grip duration (seconds) and the vertical axis the applied force

(newtons). The scaling being the same as described for the curves of

the healthy subjects in paragraph 5.2.4,
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a) Power grip (Figure 5.67)

No specific finger grip pattern can be observed though the

individual finger forces do appear to vary during the power grip.

b) Pan and kettle (Figure 5.68 and Figure 5.69)

For the pan, the curves appeared to consist of two basic

patterns: -

Force T Force A

_L\ancl\& ‘iri?
ol

v
=

Tn curve (a) the handle gripping force rapidly increased until
initiation of the 1lift, after which it relaxed slightly. Vhen the
lift was released the grip force decreased rapidly. Curve (b) was
similar to that observed in the healthy subjects,; described in
paragraph 5.2.4., In both curves the handle grip force exceeded the
lifting force. Omitting any curve that was difficult to place, the
pan results were grouped according to their basic force-~time curve.
From Figure 5.68. an approximate measure of the lifting and handle
grip forces was taken. These are tabulated in Figure 5.70. and show
a mean lift of around 10N for curve (a) and 21N for curve (b). These
mcans were significantly different, from each other, when compared
using the X-statistic. A scatter diagram of the extracted results is
also given in Figure 5.70.

The majority of the kettle force-time curves appeared in
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the form:-

Force I\ — handle 9P
N P11

f

There were many variations. For example the handle grip force
was sometimes higher than the lifting force and other times lower,
One extreme variation makes the curve similar to pan curve (a) while
in another no grip force was recorded. Essentially, the curve
consisted of an initial high peak, which decreased rapidly as the
lifting force increased. A smaller peak was in evidence as the 1lift
was released.

Towards the end of the study two patients were measured who
preferred another lifting method. All the above techniques placed the
hand, palm downwards, over the handle, with the fingers wrapped
downwards and around the handle. The second technique was the
reverse of this with the hand placed, palm upwards, under the handle,
with the fingers wrapped upwards and around the handle. Force-time
curves for these are shown in Figure 5.71. and are similar to the

initial kettle basic curve,

5.3.4. Relationship between the lifting force and handle grip force

Figures 5.72. to 5.79. show scatter diagrams of the handle grip

forces against the mean lifting forces. The regression analysis is
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detailed in Figure 5.80a. As for the healthy subject results, no
relationship was found in the kettle results., However, a positive
correlation was indicated for all the pan results. These had
correlation coefficients ranging from 0.75 to 0.79. The regression
slopes were about 1.6 and 2.0 for the left and right handed 1lifts
respectively with approximately 23N intercepts.

Splitting the results into male and female, the regression
analyses detailed in Figure 5.80b were obtained. This again shows
correlation in the pan results with coefficients of between 0.64
and 0.81. The female results had the higher coefficients, 0.75 to
0.81 as opposed to the male, 0.6 to 0.74. Both groups had right
handed reqression slopes higher than the lift. The female slopes
were about 1.80 and 2.96 while the male slopes were ahbout 1.00 and
1.56. The intercepts of the slopes were around 12.9N and 40,.8N for
male and female respectivelv, There arpeared to be no difference

between the reqression analvses of the handle grip forces,

5.%. Follow Up Of Patients With Arthritis

5.4.1. Druag trial

The follow up results for these netients are plotted out in
Figqures 5.81. to 5.92. and tabulated in \ppendix 9. Thev alternate
with the most relevant clinical results obtained from the drug
trial study.

A standard format has been emnloyed in the measurement nlots,
for this and the other clinics. The left hand page shows, - from top
to hottom the patients' self-assessment score, the power grip, the
pan lift and the kettle 1ift results. The right hand page, again
from top to bottom, shows the pulp and lateral ninch, the extension

force and the key and small tube torque results. -
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The patients’' self-assessment was a score of their own
subjective feeling of the progression of their hands. It was taken
from renlies qiven to the nreliminary questionnaire and was plotted
using the following arhitrary scale:-

+2 units - a lot better

+1 unit - a little hetter
O - no chanqe

-1 unit - a little worse
-2 units - a lot worse

The drug trial study results disrlayed are the articular index,
plasma viscosityv, grip pressure, pain and general health visual
analoaue scales (VAS) and the treatment drug dosage. Also
indicated is the period of device measurement.

Both IEJ (Firure 5.81. and 5.82,) and LAC (Fiqure 5.83. and
Figure 5.%.,) felt their hands improvinag steadily throuchout the
period of measurement. 1.AQ, at the beginning and midway through did
have periods of no chance. TEJ had a low (less than 6) articular
index, throughout, while LAO had higher values at 15 recducing steadily
to a final value of /i, The maximum possible index is 78, therefore,
15 is still relatively low. The VAS for IEJ indicated a variable, but
reducing amount of pain and a steady 'couldn't be better' aeneral
health assessment. LAO also had a variable nain assessment, but
indicated no general improvement. Her general health anpeared to
recover after an initial deterioration. The plasma viscosity of IEJ
was initially 1.90 cp which reduced to a final value of 1.62 cp.

LAO again had very little overall change. Her plasma viscosity was
initially 1.68 c¢p rising to 1.76 cp and then reducing to 1:59 CP.

Both patients were weak with power grip forces of less than 150N
(IEJ) and 115N (LAO). Even though they had a large subjective
improvement the results do not indicate much change. For IEJ the

main change was a rise from 75N to 150N in the right hand power grip,
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over the first four measurements. This was followed by a sudden
decline to 85N for the final measurement. The right hand grip
pressure, over the same period, also rose steadily (107 to 171 mm Hg)
before falling on the final measurement to 137 mm Hqg. A sudden
decline in final_moasuremnnts was also seen in all right hand results
with the excention of the extension force. A fall was also noted in
the left hénd measurements of power and finger arip, lateral pinch
and key and tube twist. The left hand lateral pinch showed a
similar'nverall nattern to the right hand power arip, with a steady
increase from 32N to 58N followed by a sudden decline to 44N, The
left hand nower arip had a minimum va]ué on the third measurement,
This was mirrored in the left hand measurements of the middle finger
grip, kettle 1ift and kev twisting forces, YNo minimum was noticeable
in the grip pressure measurements,_

Fér TAO the results had quite a bit of variation. The main
changes occuring in tﬁe ketile 1ifting forces (1~ft and rinht hands)
which had an iritial marked increase followed bv a decline and
sub=sequent recovery, Overall, the 1ifting forces increased from 5N
to 35N and then fell to around 15N on the fourth measurement. Each
ran lifting force had a similar nattern to the kettle with the ringht
»hand showing the most marked changes. This rose from 5N to an 18N
maximum, decltining slightly, bhut then recovering to 18N anain on the
final measurement. The left hand increased from 3N to a 12N
maximum. This patient suffered a hand trauma prior to the fourth
measurement, her right hand being knocked hadly.

Another dramatic change occured in the right hand tube twist
torque. This rose from an initial steady value of around 1.6 Nm to a
new'steady value of about 3.2 Nm after the third measurement. Each

hand with the key twist showed a steady overall improvement, thouch
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the right hand declined from 0.9 Nm to 0.7 Nm over the final two
measurements. The left hand increased from 0.3 Nm to a final value
of 0.6 \m,

The grip pressure measurements for each hand remained steady
initially, bnt over the final half of the studv neriod increased
steadily. The left hand increased from 98 mm Hg to 157 mm Ha while
the riaght hand rose from 89 mm Hg to 119 mm Ha. This increase was
not so evident in either power grip results, there being quite a
large variation about a general upward trend. The initial to final
values for each hand were 59N to 100N (left hand) and 89N to 115N
(right hand).

The self-assessment of AHD (Fiqure 5.85.) indicated a steady
improvement in bhoth hands, The rinht hand showed no change on the
final assessment while the left hand had a sliaght relapse over the
final two assessments. This pattern of chanqe was mirrored in the
power arip, finager grin, nan and kettle lifting and lateral pinch
force measurements. The improved well being of the patient was also
observed in the falling articular index and plasma viscosity
(Figure 5.86.). The VAS, however, indicated very little change. The
articular index and viscosity both had a slight upward turn over the
final two measurements. This corresponds to the self-assessment and
force measurements and with the patient who did not feel well over
this period. This was because of an increased systemic joint
stiffness., The decline in the left hand on the fourth measurement
showed as a reduction in power grip from 280N to 200N, The grip
pressure also fell from a maximum of 283 mm Hg to a minimum of
233 mm Hg. Prior to this, the power grip had risen from 171N and the
grip pressure from 204 mm Hg over the same period. The right hand

power grip rose from 185N before steadying at around 260N. Over the
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same period, the right hand arip pressure remained steady at around
275 mm Hg and then declined to about 2?40 mm Hg. The left hand pan
and kettle lifting forces both initially rose from 13N and 27N
respectively to a maximum of 32X and 50N before steadving at ahout
25N and 4™ for the final two measurements. The right hand
measurements rose steadily from 13N and 33N to final steady values of
around 35N and %5 resvectively,

This npatient also had a high middle finger grip force during his
power qrip on all except the initial mcasurements, when it was
similar to the other fingers at about 36N. Subsequently it rose to
over 100N, which it maintained. Inspection of the individual
force-time curves (Figure 5.93.), from each measurement, revealed
nothing extraordinary to account for this. Similarly the middle
finger of the rig.t hand was also stronn~st (Figure 5.94.). Also to
be secen, on the third measurement, are the high peaks in the finger
force just prior to grip release, By smoothing out these peaks,
results that appear to be more consistent with the other measurements
were obtained. The smoothed results are shown as dotted lines in
Figure 5.85. 7The force-time curves in Figure 5.95. of the pan and
kettle 1ifts show high peaks, especially in the lifting forces,
during the initial phase of the lift. These were probahly due to the
patient's technique. He lifted them very quickly, even after being
asked to proceed as normally as possible. This fast reaction caused
an oscillation, as seen in Figure 5.94., to be set up between the
patient and the restraining springs, until an equilibrium was
obtained. Again, if these peaks are smoothed out, more appropriate
results are obtained as indicated in Figure 5.85. by the chain
dot plots.

Patient DE (Figure 5.87. and Figure 5.88.), over the period of
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study, felt no subjective improvement in his hands. Initially, an
improvement was felt, but this did not continue, his hands gradually
worsening, but showing a slight improvement at the end. Similarly,
both VAS had an initial improvement, followed by a relapse and then
slow improvement. The relapse was more marked in the general health
of VAS and coincides with a reduction in penicillamine dosage from
375 mg to 250 mg daily.

With a maximum result of 7, his articular index (Figure 5.88.)
was very low. This maximum was matched bv a peak in the plasma
viscosity which overall remained quite high, not falling below
1.96 cp. The grip pressure measurements cannot show any change
because only two measurements were below 300 mm Hg. This was the
maximum of the dial gauqe used to measure the cuff pressure.

Only the left handed power arip showed any similarityv to the
self-assessment. This initially increased from 213N to 250N, then
declined to 188N before recovering to 232N. The right handed power
grip declined steadily from 340N to 250N before a final recovery to
308N, This pattern was also followed by the right hand finger
forces. These chanaes correspond to the patient's own feelings on
his health. Most of the time he felt quite well except during the
third and fourth measurements when he had increased joint stiffness,

No measurements were obtained from the kettle because the
patient had sufficient strength to 1lift it against the protecting
safety chain, even though a twin-rate spring had been installed to
ensure a reasonable device range,

No significant changes were found in the measurements from the
other devices.

Both patients DS and ES (Figures 5.89. to 5.92.) were poorly,

having a lot of pain, high articular indices and plasma viscosities,




1k,

The articular index for DS (Figure 5.90.) varied between 14 and 29
while for ES (Figure 5.92.) it fell, unevenly, from 32 to 20, with a
minimum of 15. The plasma viscosity for DS, over the period of
device measurement, remained steady at between 2.23 cp and 2.31 cp.
For ES it increased steadily from 1,72 cp to 2.06 cp. Neither

sel f-assessment (Figure 5.89. and Figure 5.90.) indicated any
improvement. DS feeling no change except for a slight deterioration
at the end of the study period. FES felt a deterioration throughout
the whole period.

In the clinical trial the VAS for DS both indicated very little
in improvement. For ES the pain and health scores both coincided with
each other, on all but the initial measurements. This patient felt
at her best at the start of device measurement. This coincided with
a minimum in the plasma viscosity. She then relapsed and her plasma
viscosity steadily increased though she did feel slightly better.

Both of these patients were verv weak, DS having a power grip of
less than 70N and 44N for the left and right hands. A downward trend
was noticeable in the power qgrip measurements. The grip pressure
measurements were similar for each hand, remaining relatively constant
at around 80 mm Hg.

Apart from showing the general weakness of DS, the other device
measurements remained relatively unchanged over the device measurement
period. During this period the patient had her drug regime changed
from penicillamine to auranofin, because of haematuria and
proteinuria. Unfortunately, neither of these cleared up and required
hospitalisation, of the patient, for further investigation.

Most of the device measurements on ES (Figure 5.91.) indicated
very little change, but, as for DS, show the overall weakness of the

patient, Similar to DS, only the power grip measurements follow the
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same downward trend as the self-assessment. For the left hand, a
reduction from about 55N to about 20N while the right had decreased
from OON to 51N, The grip nressure measurements, over the same
period, reduced from 70 mm ﬁg to ahout 40 mm Hg. The right hand,
however, rose erratically from 106 mm Hg to 121 mm Hg before
decreasing to 61 mm Ha.

In the majority of measurements, the left hand was much weaker.
This was exnected since the patient indicated a more painful

left side.

5.k.2. Rheumatologv out-patient clinic

The follow un results for these patients are plotted out in
Figures 5.06. to 5.09, and tabulated in Appendix 10. The results
are displaved in the =ame format as in the previous section,

Tt was only prossible to ohtain follow up results on four
patients (two male and two female) with a series of four
measurements,

The male patients both had a flare up of rheumatoid activity,
requiring a two to three week stay in hospital,; midway through the
measurement period. Prior to hospitalisation both were feeling very
roorly, having a great deal of rain, especially in the arms
and shoulders.

While in hospital GEL (Figure 5.96.) had intra-articular local
corticosteroid injections in each shoulder. This was to suppress the
joint inflammation so as to relieve the pain and imnrove mobility.
Associated with this was a course of Adrendcorticotrophic Hormone
(ACTH) to stimulate the adrenal artex to produce its own steroid
hormone with which to reduce joint inflammation. Apart from feeling

very much better in himself and feeling a large hand improvement, his
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post haspitalisation results showed a striking change in the pan and
kettle 1ifting forces. For each hand, the lifting forces increased
from SN to apnroximately 25N, for the pan, and 45N for the kettle.
Other increases, though less dramatic, were seen in the power grip
forces, both left and right handed, and in the right hand
measurements of pulp pinch force and key twist torque,

Patient DWW (Figure 5,97.) while in hospital had a course of a
non-steroid anti-inflammatory drug (NSAID) and antibiotics for a
chest infection. TPost hospitalisation he was still poorly and felt
that each hand was deteriorating. Pre-hospitalisation only one
measurement was obtained. Compared to this, the post hospitalisation
measurements showed an initial slight increase followed by a fall off
with a marked decrease on the final measurement. The patient also
had a stomach complaint, dysphagia, but was not fit enough to
undergo gastric surgerv.

The female results show vervy little change, Patient JC
(Fiqure 5.98.) never felt well, having a great deal of pain in her
wrists and knees. She felt a gradual deterioration in her hands,
which were very weak. A power grip force, that appeared to have a
downward trend, of less than 53N being obtained.

Patient FCF (Fioure 5.99.) appeared to he stable, feeling quite
well in herself, with some joint pain, but not having any subjective
change in her hand state. The results also showed very little
change, though the right hand power qrip reduced suddenly, after an
initial 184N to 121N, but, subsequently remained steady. The pan and
kettle lifting force measurements for each hand both had an initial

increase from ahout 7N to about 12N and 22N respectively

before steadying.
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5.4.3. Rheumatoloqy ward

These follow up results are plotted out in Figqures 5.100. to
5.103, and tabulated in Appendix 11. Outwardly, it was quite
significant to observe that most natients, after an initial settling
in period, appeared to hecome more relaxed and happy with themselves
in the ward. Of the ten natients tested, five were discharged after
between nine and sixteen days hospitalisation and one after
fifty six days. This natient (CWA) had been waiting for a carpel
tunnel release (hoth wrists) and an operation on an infected toe.

He was discharged nine davs vpost operativelvy,
During their stay in hospital, five natients had
intra-articular injections of steroid. These were:-
i} PMB R & L knees injected
ii) GB R elhow injected
iii) EF R & L shoulder injected
iv) JW R & L shoulder injected
v) FNC R shoulder injected
ENC also had a transfusion of four pints of blood because of anaemia.

The VAS for PMB (Figure 5.100,) indicated a steady subjective
hand improvement, the score reducing from 62 mm to 20 mm. A step
increase was seen in the left hand power grip, from 60N to 75N,
between the third and fourth measurements, The right hand also had
a step increase from EON to 120N, but this was between the second and
fourth measurements. The kettle lifting forces increased from 10N to
30N for the left hand and to 50N for the right hand. Both lateral
pinches increased, the left hand force measurement from 22N to 31N
and the right from 33N to around 40N. The left hand key twist also
increased from about 2.6 Nm up to 4.0 Nm. All these changes occurred

after the knee injections. The other device measurements show some

variation, but remained relatively steady.
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Patient GB (Figure 5.101.) felt an improving hand condition as
indicated by the VAS, which reduced from 43 mm to 17 mm. This
improvement was also noticeable in the device measurements. The left
hand power arip force increased from 45N to 150V and the right hand
from 60N to 135N. Both the pan and kettle lifting forces with each
hand increased, with most improvement being noticed in the left hand
kettle and right hand pan lift measurements. The pan lifting forces
increased from an initial value of 11N to 21N and 31N for the left
and right hands. The kettle 1ifting forces for the left ard right
hands were initiallv 14N and 30N, both increasing to 42N and
JON respectivelv,

The right hand lateral pinch forces remained steady at about
G5N . bhut the left hand had an initial increase from 11N to 67N, a
level it maintained. The key and tube twist measurements both had
an anproximate tripling in forces measured. The kev twist torque
increasing from about 0.2 Nm up to ahout 0.8 NXm and the tube twist
torque from 1.0 Nm and 0.8 Nm un to 3.2 Nm and 2.2 Nm for the left
and right hands respectively, This patient had an elbow injection
just before the final measurement, nrior to being discharged.
Therefore, no effect was ohserved,

The hand imrrovement VAS for I'F (Fiqure 5.102,) showed a sliqght
improvement, from 50 mm to 30 mm., The device measurements apart from
showing the patient to be very weak, a power grip force of less than
LON was obtained, exhihited verv little change. Yo effect was
observed after the shoulder injections. The only major chﬁnges
appeared to bhe an initial increase in the tube twist measurements,
followed by a relapse. The left hand increased from 0.4 Nm to
1.2 Nm, then decreased to 0.7 Nm, while the right hand was initially

0.0 Nm, rising to 0.6 Nm and finishing at O.4 Nm.,
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Another very weak patient was JW (Figure 5.103.) with a power
agrip of less than 60N, In the past he had silastic joint
replacements fitted in all his MCP joints. Roth hands had a large
degree of nlnar deviation, which made it impossible to measure the
externsor 1ift force, Following iniections in each of his shoulders,
the kettle lifting forces, for each hand, increased. The left hand
from 15V to h/ON and the riaght hand from 23N to S0N. Other devices
also showrd a marked increase post injection, the right nower and
fincer grin and tube twist, but these imnrovements were not
maintained,

In the rower arip and tube twist measurement of RP
(Fioure 5,10 ) the left hand was clearly the stronger. Both hands
showved an initial improvement upr to a steady value. Recouse of the
difference hetween them, each hand was subjectively assessed
senarately using the VAS, The left hand had a subjective
immrovement from 1S mm down to 1 mm while the right hand showed an
initial improvement from 95 mm to 40 mm, but subsequently
deteriorated hack to 75 nm.

The power grin forces increased from 100N to 300N, for the left
hand, and from 60N to 140N for the right. The left and richt hand
tube twist torques increased from 3.4 Nm and 1.3 Vm to 5.5 Nm and
3.5 Nm resnectively. No kettle measurements were available as the
patient was able to 1lift the device against the transducer safety
link. An increase from 16N to a steadv 1ON was obtained for the
right hand pan lift. All the other device measurements generally
maintained a steady value throughout the study period.

The majority of device results for JS (Figure 5.105,) showed a
marked initial increase followed by a slight trend upwards. A similar

trend being noticed in his VAS score, which was initially 62 mm, but
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improved to 18 mm on the following assessment. Subsequent
assessments continued the improvement to 5 mm,

Only the pulp pinch and extensor 1ift force measurements failed
to show any similar effect. The power grip force initially increased
from about 60N to about 130N, The kettle 1ifting forces of each hand
reached the device maximum for the final three measurements, with
initial values of 10N and 34N for the left and right hands
respectively.

Of the three other patients, CWA (Fiqure 5.106.) had a marked
decrease in powver qripr, lateral pinch and tube twist measurements,
immediately post operatively. However, his hand assessment VAS score
remained constant throughout the measurement period at about 60 mm.
A1l the device measurements recovered, within a few davs,; to
approximatelyv their pre-operative level,

ENC's (Figure 5.107.) measurements contain quite a bit of
variation, but appear to follow an upward trend. This was especially
noticeable in the pan and kettle lifting force measurements. An
increase from 1IN to about 22N was obhtained with the kettle, though the
right hand measurements decreased finally to 12N, The pan lifting
forces increased from 3N to 7N, for the left hand, and to 10N, for the
right. This decreased to 7N on the final measurement.

This patient had a right shoulder intra-articular injection of
corticosteroid a few hours prior to her fourth measurement and her
blood transfusion was comnleted a few hours prior to her final
measurement, No significant increase, apart from the general trend,
was noticeable post injection.

Patient GM (Figure 5.108.) had a hand assessment VAS that
improved from 58 mm to 28 mm. Correspondingly, the left hand power

grip force increased from 60N to 165N, but the right hand, being very
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weak at less than 70N, showed very little change. All the right hand
measurements were much weaker than those of the left. Both left
handed l1ifting forces increased, with the pan from 14N to 24N and the
kettle from 12N to 35N. Conversely, the right hand lifting forces
decreased, the pan from 8N to 4N and the kettle from 12N to 2N,
thouqgh on the final measurement this recovered slightly to 6N. No

other changes can be observed in the rest of the devices.

5«5« Physiotherapy Results

5.5.1. Initial results

Of the twentv one patients measured, six were attending the
out-patient clinic for bilateral and fifteen for unilateral hand
disorders. This breakdown was based on the patient's current
disorder or complication and not on any previous history,

Figure 5,100, tabulates the initial measurements obtained from
the patients with bilateral disorders. Figure 5.110. details a
brief summary of these patients indicating their need for treatment.
The measurements were all low with some patients appearing to have a
differentijation between the left and right hands. For example, JF's
right hand measurements were higher than his left hand. This aqreed
with his subjective viewpoint that the right was strongest. VS felt
that her left hand was strongest and this was also reflected in
her measurements,

Measurements on patients with unilateral hand disorders are
tabulated in Figure 5.111. where the affected hand is indicated by
the horizontal arrow. The patient details are given in Figure 5.112.
which shows the wide range of hand disorders that are treated. From
Figure 5.111. the measurements clearly show a differentiation between

affected and unaffected hands. More specific differentiation can also
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be noted: -

a) AKC, with a clipped bone in his right index finger, had

measurements which were lower than the corresnonding left hand

measurements in power qarip and vulp ninch.

b) LM, had Dupeytrens Contracture of the right little finger. The
measurements on this finqger were lower than the corresponding left

hand results.

2, Follow-up results

These are plotted out in Fiqures 5,112, to 5.118, and tabultaed
in Appendix 12. Of the bhilaterally affected ratients FS and FB
(Figure 5.113. and Fiqure 5.114.) had an improving self-assessment,
both feeling aquite well yith very little pain. However, FS only
showed an overall improvement in the lifting tasks, which increased
from an initial 2N to about 10N for the remainder of the
measurements. His other results all decreased on the second and
third measurements, but subsequently recovered to the initial level,

FII generally had steady results except for the right hand, which
tended to show an upward trend. Initially, this hand was very stiff
but subsequently improved., This improvement can be seen in the
measurements of nower qrip (93N rising to 122N), pan lifting force
(4N risina to 10N), kettle 1lifting force (10N rising to 0.6 Nm) and
tube torque (1.2 Nm rising to 1.8 KXm).

The patients with unilateral disorders all maintained a
differentiation between their affected and unaffected hand;° Both MM
and AGM (Figure 5.115. and Fiqure 5.116.) were very weak (a power arip

of less than 100N), but bhoth had a steady subjective hand imvrovement.

This improvement was not mirrored in the measurements of DM and only
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found in the lifting tasks of AGM, Initially, AGM found it
imrossihle to 1ift the nan, but on the final measurement a 7N
liftinag force was ohtained. Her kettle 1ifting force, usina eijither
hand, also imnroved, with the richt hand improving from 6N to 27N
and her left hand from 12V to 38V,

iiInlike the ahove, AGR (Figure 5.117.) was very strong with a
nower arip, for the unaffected hand, of over hOON. 1t was, therefore,
thought onlv necessarv to use the strenath measurina devices, For
the function devices hinh measurements would obviously have heen
ohtained, Both power arip and nulp ninch on the infected left hand
had raridlv increasing results, The rower arip force rising from
17" to 360N, with the finaer aripping forces increasing from around
50N to aronnd ONN,  The ruln ninch forces rose from an initial "3V to
LN ranae, to a final measurement rance of 50N to 69N, The
unaffected hand measurements remained steadv, thoungh a minimum was
ohtained on the second and third nuln pinch measurements.

Finally, J% (Fiqure 5.11%,) felt no subjective improvement in
her left hand. Tven thouqgh she felt generally very well, she was
becoming increasingly annoved that no improvement anpeared to he
occuring in her riaght hand. This was confirmed bv her results, which
indicated, with some variation, no overall change. This apparent
stagnation would be expected since several weeks would be needed for
her dioital nerve to reqrow., The left hand measurements were a little
higher than the right hand, and had a similar amount of variation,

possibly caused bv her feeling of dissatisfaction.




CALIBRATION SYSTEMIC
TRANSDUCER rACTOR ERROR
( N/Integer ) ( % % precision )

Index grip 0.746 L,0 £ 2.1
Middle grin 0.%12 o I2.8
Ring grip 0.712 1.2 ¥ 1.5
Little grip 0.732 2.8 £ 0.9
Pan handle 0.786 -0.5 & 0.3
Lower lift 2.77 1.0 ¥ 0.5
Upper lift 2.92 2.7 £ 1.0
Kettle handle 1.36 -0.7 ¥ 1.5
Fine pinch 5.03% 1.2 £ 2.3
Coarse pinch 0.35 1.1 £ 1,0
Fine twist 822,92 2.4 2 Lok
Coarse twist a9.72 2.1 ¥ 1.6
New 1ift 2.1k 0.1 2 0.3

ARTHROGR.APH

Stiffness 34 .24x10"°
Position b1.03x1o‘2
Oscillation ©5.68x10™°

FIGURE 5.1. The calibration factors, accuracy and
precision of the transducers, where
precision = 95% confidence limits of
the systemic error

a - units = Nm/Integer
b - units = degrees/Integer
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FIGURE 5.5. Scatter diagram of healthy subjects maximum

pulp pinch forces




159,

KEY
[ — INDEX FINGER
M — MIDDLE FINGER
16.01 R — RING FINGER
L — LITTLE FINGER
14. 01
pa
(o]
2
Z 12.01
- 6
Lt
&
e . .
1 0 . 0 T [] ]
-]
e [ ]
§. 04 ° ‘ ¢ [ :
= :
oo ° 0o’ o® .
P n
6.07 .E: t :" .o % YY) .E: :
[T TY o ° vee ; : - ¢
° ° —_— dden e
° :Q cece ° LY 1Y
4. 04 :u f20e0 _.§:... : '::-o _ ;:_
o9 g: u:l
oee EO ° e o:o
[ ° ® [
2.04 °
0 T T T T T T T
I M R L [ M R L
Left Hand Right Hand

FIGURE 5.6, Scatter diagram of healthy subjects maximum

finger extension forces



160,

TUBE TWIST KEY TWIST
9‘07' 1.8 °
oo o
v ° ° v
3.-’,80_' o & 1.67 00 coo@
— @ —
) Wi
z oo (=] z
| X1 [ t o0 [
=z =
S o] =] o
E'-] 0- ° E‘IL— 006000 cocos®
= ) =
= oo o =
[ee] Wi —0e— —~0000—
8 o 8/ o °
a4 0 X} [2 4
(@] xS o
=~ 6.0 —== _2 1.2 oo
° o [X-K-X-]
5. 01 . 1. 0 o0 °
00
000 ° oe
00
L. 0 ° o0 0.8+ o °
oe )
3.0 0.67
2.0 0. 64—
1.0 0.2
0 LEFT RIGHT 0 LEFT RIGHT
HAND HAND

FIGURE 5.7, Scatter diagram of healthy subjects maximum
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LEFT HAND

RIGHT HAND

DEVICE

Min Max

42}
~

S Min Max . P n

POWER In 21.1 36 110 0.1 >.05 21.9 35 117 4 >,05 26
GRIP Mi 39.1 38 188 -0.4 >.05 37.3 62 218 4L  >05 26
Ri 26.0 41 142 0.4 .05 23.5 53 143 .01 >.05 26

Li 18.1 2% 97 0.4 >.05 18.1 23 103 .6 .05 26

TOTAL 88.0 187 469 - 0.2 >.05 74.0 221 476 0O >.05 26

PAN max grip 58.0 62 24k9 1.1 .01 61.3 31 309 0.8 <5 25
lo 1lift 12.8 20 76 0.8 9% 15.9 16 76 0.3 >.05 25

up lift 16.3 17 79 0.6 >.05 22.2 13 107 1.0 $9F7 25

max lift grip 48 .1 19 227 1.2 <.01 67.7 13 295 1.4 <01 25
KETTLE max grip 33.3 8§ 114 0.4 ».05 38.0 7 156 0.8 % 25
lo 1lift 64.2 4o 302 1.8 <.01 47,3 29 234 1.3 &01 25

up lift 65.7 39 307 1.7 <.01 48,9 28 237 1.2 <01 25

max lift grip 28.3 1 129 2.0 <.01 20.9 2 65 0.4 >.05 25
PULP In 13.2 28 92 0.2 >.05 12.6 33 83 -0.1 >.05 2k
PINCH Mi 19.5 8 99 0.1 >.05 15.8 19 92 0.2 05 24
Ri 13.7 1% 67 0.3 >.05 13.6 17 78 0.7 .05 24

Li 9.4 11 44t - 0.3 >.05 8.8 17 44 =0.1 >.05 24

EXTENSION In .5 2.5 1.0 k.9 1.Lh <01 2.0 2.8 11.7 0.6 .05 23
Mi .6 1.8 o0o.4 8.3 -0.8 29 2.0 3.0 10.6 0.2 >.05 23

Ri 7 1.4 2.5 8.1 0.6 .05 1.4 2.5 8.5 0.4 .05 23

Li 0 0.9 2.6 5.7 0.4 >.05 1.1 1.9 6.2 0.5 .05 23

KEY TWIST .3 0.3 0.7 1.8-0.3 =05 0.2 0.8 1.7 -0.2 »05 24
TUBE TWIST .0 1.5 3.4 8.3 =0.3%3 .05 1.6 3.4 8.8 0 05 2
“ATERAL PINCH .9 20.0 58 131 0 ».05 17.6 64 117 0.2 .05 24

FIGURE 5.9.

Mean forces (Newtons) obtained

S - standard deviation
Sk - skewness

P - probability of no skewness

n - number of subjects

for healthy subjects
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pan or kettle



FINGER Index Middle Ring Little
SUBJECT X 8 c x s n “ n PopT r % a e
CONSECUTIVE MEASUREMENT
1 110 12 10.9 154 18 1.7 112 13 11.6 | 68 10 M7 1 439 20 6.4
2 43 12 27.9 126 13 10.% 125 10 %0 65 7 10.8 354 24 6.8
3 L4 4 9.1 100 15 15.0 76 7 9.2 52 10 19.2 265 16 6.1
4 68 12 17.6 | 135 11 8.1 97 7 7.2 | 47 8 17.0 { 343 13 3.8
5 S 7 13.0 92 2k 26.1 97 13 13.4 | 43 9 20.9 | 279 27 9.7
6 91 3 3.3 161 12 7.5 128 11 8.6 78 7 9.0 448 2% 5.1
7 90 9 10.0 142 25 17.6 105 9 8.6 91 10 11.0 419 43 10.3
8 65 14 21.5 {103 17 16.% 48 3 6.3 1 87 10 11.5 | 283 14 4.9
9 74 17 23.0 90 30  33.3 73 21 28.8 | 41 7 17.71 | 262 19 7.3
10 42 8 19.0 75 10 13.3 68 6 8.8 | 66 9  13.6 | 241 18 7.5
MEAN 15.5 15.9 11.1 14.5 6.8
S 7.5 8.2 6.6 4.0 2.0

FIGURE 5.114

Power grip, subject variability(C)

X - mean result of subject(Newtons)
S - standard deviation
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Index Middle Ring Little Total

SUBJECT P S C x s c x s C x s c % S c
SPLIT MEASUREMENT

a 80 19  23.83 194 16 8.2 139 6 .3 1 95 14 1.7 | 501 38 7.6

b 123 13 10.6 | 140 39  27.9 | 119 13  10.9 | 67 5 7.5 | 455 23 5.1

c 83 6 7.2 | 167 17 10.2 | 124 13 10.5 | 74 3 Loa | bh3 23 5.2

d 65 8 12.3 | 157 8 5.7 - - - 71 8 1.3 | 419 10 2.4

e 9k 18  19.1 | 148 1o 12.8 | 106 14 13.2 | 51 4 7.8 | 391 49 12,5

f 9k 11 11.7 157 25 15.9 110 11 10.0 91 8 8.8 Lig 25 5.6

g 112 12 10.7 {181 21 11.6 | 133 21 15.0 | 55 10 18.1 | 478 s4& 11,3

h 80 15 18.8 | 141 33 23.4 | 124 6 4,8 | sk 5 9.3 | 392 43 11.0

i 98 14 4.3 1198 35 17.7 | 119 12 10.1 | 72 4k 19.4 | 480 51 10.6

3 79 5 6.3 [ 149 40  26.8 150 15 10.0 | 52 5 9.4 | k22 26 8.5

MEAN 13.5 16.0 10.0 11,0 8.0

S 5.6 7.9 3.6 4.9 3.3

FIGURE 5.11 (continued)

Power grip, subject variability(C)

X = mean result of subject(Newtons)

S - standard deviation
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Maximum Lower Upper Grip at
Grip Lift Lift Max. Lift
SUBJECT X s c % S C x S C X S ¢
CONSECUTIVE MEASUREMENT
1 118 22 18.6 | 27 2 7.4 27 L 14,8 | 89 27  30.3
2 141 31 22 | 7% 5 6.8 72 9 12.5| - - -
3 282 31 11.0 | 71 6 8.5 90 8 8.9 |275 34  12.4
4 108 8 7.4 1 36 3 8.3 43 5 11.6 | 104 6 5.8
5 83 M 13.3 | 44 7 15.9 48 9 186.8 1 82 11 154
6 91 21  23.1 | 50 3 6.0 61 10  16.4 ] 90 22 24,4
7 196 22  11.2 | 37 3 8.1 Lb 3 6.8 |180 16 8.9
8 61 9 14.7 | 29 3 10.3 35 5 14.3 | 58 9 15.5
9 141 20 1h.2 | 64 5 7.8 79 11 13.9 [132 22 16.7
10 148 27  18.2 | 42 2 4.8 4 3 7.3 | - - -
11 171 18  10.5 | 45 3 6.7 46 7 15.2 | - - -
MEaN 14.9 8.2 12.8 15.9
S 5.0 2.9 3.8 8.0
FIGURE 5.12. Pan, subject variability(C)

X - mean result of subject(Newtons)
S - standard deviation

‘991



Maximum Lower Upper Grip at
Grip Lift lift Max. Lift
SUBJECT X S o X S o x S c X S C
SPLIT MEASUREMENT

a 114 26 22.8 | 39 6 15.% | 37 7  18.9 94 15 16.0
b 99 9 9.1 | 53 3 5.7 | 56 18 32.1 89 10 11.2
¢ 62 24 38.7 36 7 19.4 38 14 26.8 66 11 16.7
d 92 27 29.3 | 19 2 10.5 | 17 L 23.5 76 19 15.0

e 138 22 15.9 | 37 4 10.8 | 36 8§ 22.2 | 112 21 18.8
f 118 20 16.9 | 38 4 10.5 | 39 8 20.5 | 105 24 22.9
g 46 18  39.1 | 23 11 47.8 | 33 13 39.3 k3 17 39.5
h 156 16 10.3 | 45 3 6.7 | 59 12 20.3 | 140 18 12.9

MEAN 22.8 15.9 26.7 20.4
S 11.9 13.6 8.1 9.0

FIGURE 5.12 (continued) Pan,

subject variability(C)

X - mean result of subject(Newtons)
S - standard deviation

*L9L



Maximum Lower Upper Grip at
Grip 1ift - lift . max 1ift
SUBJECT X S C X S c X S c X S C
1 24 6 25.0 46 4 8.7 ly L 8.5 15 3 20.0
2 L4 6 4.6 | 138 13 9.4 | 146 18 12.3 23 6 26.0
3 17 6 35,3 87 11 12,6 89 12 13.5 6 2. 33,3
4 50 11 22.0 72 7 9.7 82 9 11.0 30 9 30.0
5 33 11 33.3 96 9 9ok 96 11 11.5 2k 9 375
6 52 33 63.5 79 16 20.3 88 18 2065 32 19°  59.4
i 11 4 36.4 | 128 15 1.7 | 128 17 1303 8 3 37.5
MEAN 32.9 11,7 13,0 35.8
S 1507 4,0 3.7 12,6

FIGURE 5,13, Kettle = subject variability(cC)

X - mean result of subject
S « standurd deviation
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Index Middle Ring Little
SUBJECT X S c X 5 o X S C X S c
PULP PINCH
1 56.95  3.64 6.4 | 50.00 5.15 10.3 | 36.51 6.09 16.7 | 32.29 S5.74 17.8
2 67.46  5.25 7.8 | 73.61 6.47 8.8 | 57.99 5.6 9.7 | 42.71 5.54  13.0
3 22.22 7.42  10.3 | 60.42  5.30 8.8 | 4o.62 4,68 1.5 | 32.99 5.02 15.2
4 68.75 4 .39 6.4 66.67 9.27 13.9 | 49,65 10.01 20.0 24,38 5.3 15.5
5 37.50 2.97 7.9 31.95 3.32 10.4 17 .46 2.64 15.1 20.8%3 1.49 7.1
6 48.61 8.27 17.0 | 51.59 5.28 10.2 | 36.46 2.32 6.4 | 19.44 2,10 10.8
7 58.33 3.6k 6.2 | 38.54 5.83 15.1 39.24 3.47 8.8 | 31.25 3.23 10.3
8 4s.1h  1.96 4.3 | 48.26 L4.91 10.2 | 32.99 1.78 5.4 | 22.22  3.32 15.0
MEAN 8.3 11.0 11.7 13.1
S 3.9 2.3 5.2 3.5

FIGURE 5.1%4,

X - mean result of subject(Newtons)
S - standard .deviation

Pulp and lateral pinch, subject variability(cC)
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LATERAL PINCH
consecutive split
SUBJECT X 5 Cc X 5 C
a 94 6 6.4 95 6 6.3
b 100 7 7.0 103 3 2.9
c 102 8 7.8 110 14 12.7
d 91 7 7.7 L 6 6.4
e 90 4 L 4 90 3 3.3
f 102 3 2.9 929 5 5.1
g 93 4 L.3 94 5 5.3
h 108 b4 3.7 108 3 2.8
i 86 5 5.8 90 8 8.9
MEAN 5.6 6.0
S 1.8 3.2

FIGURE 5.14% (continued)

X - mean result of subject

Pulp and lateral pinch, subject variability(C)

S - standard deviation

*0LL



Twist Key Tube
SUBJECT X s c x s o
1 1.50 0,13 8.3 5.9 0.7 11,9
2 1.40 0.10 7.6 3.2 0.5 15.6
3 1.37 0.16 11,7 L6 1.1 23.9
4 1.38 0.09 6.8 4,7 0.5 10.6
5 0.81 0.07 8.8 757 0.7 9.1
6 0,97 0.04 b5 6.3 0.7 11.1
7 1.08 0.03 2.8 5.5 0.7 12.7
8 0.86 0.09 10.2 - - -
MEAN 7.6 - - 13.6
S 2.9 - - 5.0

FIGURE 5:150

Key and tube twist and extension force

subject variability(C)

X - mean result of subject(Newtons)

S = standard deviation

°LiL
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TRANSDUCER CONSZCUTIVE SPLIT
X S n X S n X P(X)
POWER In[15.5 7.5 10 | 13.5 5.6 10 | 0.68 0.50
GRIP Mi{15.9 8.2 10 | 16.0 7.9 10 | 0403 0.98
Ri{11.1 6.6 10 | 10.0 3.6 10 | 0.46 0.64
Lil14.5 4.0 10 | 11.0 4.9 10 | 2.25 0.02
Total| 6.8 2.0 10 8.0 3.3 10 | 0.98 0.32
PAN max grip|14.9 5.0 11 | 22.8 11.9 8 | 1.76 0.08
lo 1ift]| 8.2 2.9 11 | 15.9 13.6 8 | 1.57 0.12
up lift[12.8 3.8 11 | 26.7 8.1 8 | 4.50 <«0.01
max lift grip|{15.9 8.0 8 | 20.4 9.0 8 |-1.06 0.28
LATERAL PINCH | 5.6 1.8 9 6.0 3.2 9 | 0.33 0.74

FIGURE 5.16. A comparison between the subject variability

from consecutive and split measurement

X = mean result
S - standard deviation

P(X) - probability of both measurements

being the same
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TRASDUCER RANGE MEAN S
min to max
(%) (%

POVER In 3.3 - 27.9 15.5 7.5

GRIP Mi 7.5 = 32.3 15.9 8.2

Ri 6.3 - 28.8 11.1 6.6

Li 9.0 - 20.9 14,5 4,0

Total 3.3 - 10.3 6.8 2.0

PAN max grip 7.4 - 23,1 14.9 5.0

lower 1lift 4,8 - 15.9 8.2 2.9

upper lift 5.8 - 18.8 12.8 3.8

max 1lift grip 5.8 - 30.3 15.9 8.0

KETTLE max grip 1.6 - 63,5 32.9 ]15.7

lower 1lift 9.4 - 20.3 11.7 4,0

upper lift 3.5 - 20.5 13,0 3.7

max 1lift grip 20.0 - 59.4 35.2 |12.6

PULP In L,z - 17.0 8.3 3.9

PINCH Mi 8.8 - 15.1 11,0 2.3

Ri 5.% - 20.0 1.7 5.2

Li 7.1 = 17.8 13.1 3.5

EXTENSION In 1.8 < 10.2 6.0 2.9

Mi b7 - 9.8 6.6 2.2

Ri L., -« 16.1 8.6 5.1

Li 5.8 - 16.7 8.8 3.8

KEY 2.8 - 1.7 7.6 2.9

TUBE 9.1 - 23.9 13.6 5.0

LATERAL PINCH 2.9 - 7.8 5.6 1.8
FIGURE 5.17% Summary table of subject variability

S = standard deviation
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LEFT (AND RIGHT "A:D
In Mi Ri Li In Mi Ri Li n
THIS . X[18.9 37,0 29,7 16.4 |19.5 37.3 28,3 16.5
: 20
THESIS S| L.0 5.8 6.2 3.8 4.2 6.2 4,4 4.8
X[23%.2 33,9 27.7 15.2 [24.7 32,8 27.0 15,5
OHTSUKI 10
S| 4.2 5.1 3.2 3.3 3.9 3.4 2.2 2.0
FIGURE 5.19a. Percentage contribution of fingers to power
crip in healthy subjects
X = mean result
S - standard deviation
n - number of subjects measured
LEFT HAND RIGHT HAND
In Mi Ri Li In Mi Ri Li
X[20.0 36,5 29.7 15.9 [19.6 36.9 29,2 16,0
HMAXIMUM
: S| 4.0 7.0 5.9 4.,0] 4.6 7.1 4.3 4,3
FORCE AT  X[19.0 36.4% 29.2 15.5|18.9 36.2 30.3 15.3
" MAXIMUM
POWER GRIP S| 4.4 7.1 506 4.0 4.6 7.5 5.2 4.1

FIGURE 5,19b. Comparison between percentage finger
contribution measured at the power grip
maximum and that using the maximum finger

force

X - mean result
S = standard deviation
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FIGURE 5.21., Histograms of differences between
the upper and lower maximum lifting

forces in healthy subjects
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FIGURE 5.26. Histograms of the differences between the maximum handle grip
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Left Hand Right Hand
Corr S1 In Sig Corr Sl In Sig
PAN
max grip 0.560 2.28 23.8 0.0018 0.587 1493 4.4 0.0010
max 1ift grip 0.363 1623 36.3 0.0374 0.277 1.00 44 .8 0.0902
KETTLE
max grip 0.161 0.08 42,7 0.2210 0.141 011 L46.6 0.2502
max 1lift grip | =0.144 =0.06 36.4 0.2463 -0.323 =0.14 42 b 0.0575
FIGURE 5.42. Regression analysis of the mcan lifting forces against the handle

gripping forces of healthy subjects

Corr - Correlation coefficient

Sl -~ Regression line slope

In - Regression line intercept

Sig - significance of no correlation
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205,

LEFT HAND
DEVICE MEANS SD 4IN MAX  SK P N
POWER In | 22,2 17.8 O 81 1.5 «0.,01 38
GRIP Mi | 37.8 28.0 1 137 1.4 <0,01 38
Ri | 32.1 26.7 2 100 0.9 3%7% 38
Li | 23.0 16.9 O 64 0.9 $%27 38
Total |110.9  70.1 30 291 0.8 5957 38
PAN max grip | #6.2 29.0 O 110 0,6 >o.05"" 36
lo 1ift | 11.9 1.8 O 50 1.6 <0.01 36
up lift | 14.6 4.9 O 62 1.7 <0.01 36
max 1ift grip | #1.5 26.2 0 98 0.5 >0.05" 36
KETTLE max grip | 32.2 22.9 O 97 0.9 59:8% 37
lo 1ift | 22.9 27.2 © 99 1.9 <0.01 37
up lift | 25.7 29.0 O 99 1.6 <0.01 37
max lift grip | 18.1 18.6 O 84 1.6 <0.01 36
PULP In | 18.8 12.4 O 61 1.1 <0.01 38
PINCH Mi 18.2 2.8 2 72 2.1 <0.01 38
Ri | 13.6 10.2 O 50 1.4 <0.01 38
Ii | 11.5 6.6 0 28 0.6 0.05 38
EXTENSION In 2.6 1.8 0 7.7 0.6 >0.05 31
Mi 2.7 2.1 0.2 7.3 0.8 $29% 3
Ri 1.9 2.1 9.4 2.1 <0.01 31
Li | 2.1 1.7 6.4 0.8 5903 30
KEY 0.5° 0.3 0.1 1.2 0.9 %g? 35
TUBE 2.1° 1.2 0.5 5.4 1.1 <0.01 31
LATERAL PINCH 38.3 24.3 8 92 0.6 >0.05 24

FIGURE 5.43.

Mean results obtained on each transducer
from patients with arthritis(a-all units

Newtons except b-Newton-metres)

SD=Standard Deviation
P-Probability of no Skewness (*- none at

5% level)

N-Number



206,

RIGHT HAND
DEVICE MEAN®  SD  MIN  MAX SK P N
POWER " In | 25.8 18.6 73 1.2 <0.01 37
GRIP Mi | 37.9 30.0 6 120 1.4 <0.01 37
Ri | 32.2 22.2 & 81 0.7 $297 37

Li | 21,9 18.5 72 1.3 <0.01 37

Total [113.4 77.8 22 341 1.2 <0.01 37

PAN max grip | 53.9 33.6 O 127 0.5 »0.05* 36
lo iift | 12.1 114 0 53 1.9 <0.01 36

up lift 14,2 13,6 O 64 1.9 <0.01 36

max lift grip | 48.4 31.9 0 125 0.7 £29% 36
KETTLE max grip 25.9 17.9 1 89 1.4 <0.01 38
lo 1lift | 25.2 24,5 O 99 1.7 <0.01 38

up list | 28.6 27.7 O 99 1.3 <0.01 38

max 1lift grip | 13.3 17.0 O 89 3.0 <0.01 38
PULP In | 19.9 12.5 2 58 1.1 <0.01 38
PINCH Mi | 17.4 10,7 S 4y 0.7 $297 38
Ri 13,1 8.5 0 38 1.0 <0.01 28

Li 9.7 5.5 O 19 0 >0.05* 38

ZXTENSION  In | 2.8 1.8 0 7.1 0.7 32 31
Mi 3.0 2.0 0 8.1 0.6 >0.05* 31

Ri 2.2 1,9 0 9.7 .3 <0.01 31

i | 2.0 1.6 0 6.0 0.7 $89% 3

KEY 0.5° 0.3 0,04 1.2 0.¢ 0.05* 38
TUBE 2.0° 1.5 0 6.2 1.4 <0.01 31
LATERAL PINCH 43,3 21,8 8 7.8 0.2 >0.05* 24

FIGURE 5.43.(continued) Mean results obtained on each

transducer from patients with arthritis
(a=all units Newtons except b-Newton-metres)

SD~Standard Deviation
P-Probability of no skewness (*- none at

N

5% level)
Number
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LEFT HAND RIGHT HAND
TRANSDUCER MEAN® s MIN MAX =n | MEAN* S MIN MAX n
POWER In | 34.0 21.2 12 81 13 | 30.3 21.0 5 23 13
GRIP Mi | 48.2 35.9 16 137 13 | 49.2 33.8 13 120 13
Ri | 3%.2 28.3 2 100 13 | 38.6 26.0 8 81 13
Li | 23.5 17.3 5 59 13 | 26.7 20.0 69 13
Total |133.5 80.8 53 291 13 [139.2 89.4 44 341 13
PAN max grip | 47.4 33.8 0 110 12 | 63.6 43,2 0 127 12
lo lift | 17.2 4.4 0 50 12 | 17.4 14.7 1 53 12
up lift | 19.8 18.6 2 62 12 | 20.4 17.8 3 64 12
max lift grip | 42.7 30.7 0 98 12 | 59.4% 42.0 0 125 12
KETTLE maxgrip | 3%.8 29.2 0 97 13 | 29.3 22.6 1 89 13
lo lift | 33.6 39.8 1 99 13 | 37.3 33.2 6 99 13
up lift | 36.7 35.9 0O 99 13 | 41.1 36.7 5 99 13
max lift grip | 18.1 23.4 0 84 13 | 15.7 23.3 o 89 13
PULP In | 24.5 15.1 7 61 13 | 24.9 15.5 8§ 58 13
PINCH mi | 23.2 17.0 7 72 13 | 20.8 12.5 5 kh 13
Ri | 16.8 12.5 6 50 13 | 13.8 9.3 5 38 13
Li | 11.8 5.9 & 23 13 | 10.7 6.4 0O 19 13
EXTENSION In 3.4 2.0 0.9 7.7 10 3.1 2.2 0.8 7.1 10
Mi 3.1 2.5 0.4 68 10 3.2 2.1 0.7 6.5 10
Ri 1.6 1.2 0 3.8 10 2.0 1.2 0 3.8 10
Li 1.7 1.6 0.2 5.0 10 1.9 1.6 0 4.6 10
KEY 0.7° 0.30.1 1.2 13 | 0.7° 0.3 0.2 1.2 13
TUBE 2.3° 1.5 1.0 5.4 12 | 2.4° 1.7 0.7 6.2 12]
LATERAL PINCH 48.8 27.9 11 92 10 | 50.4 23.8 14 78 10

rIGURE 5.51.

Mean results obtained from patients
attending the drug trial clinic

a = Ne

S -~ standard deviation
n - number of patients

wtons, b - Newton metres
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LEFT HAND RIGHT HAND !

TRANSDUCER MEAN® S8 MIN MAX n | MEAN® s MIN MAX n

POWER In 16,3 14,1 O 48 15 | 29.2 20.3 4 68 14
GRIP Mi | 37.9 23.6 80 15 | 39.8 32.1 7 113 14
Ri | 35.2 26.% 5 86 15 | 35.5 220 i 70 14

Li | 30.0 17.3 0 64 15 | 27.7 18.5 8 72 14

Total |[115.6 63.7 23 236 15 [126.8 77.7 22 260 14

PAN max grip | 47.4 28.3 9 108 15 | 57.7 28.5 14 112 15
lo 1lift 9.9 8.9 0 3 15 | 10.9 10.1 0 38 15

up lift | 11.7 12.2 0 46 15 | 12.7 11.5 0 Ly 15

max 1lift grip | 43.2 25.5 8 85 15 5.5 25.2 9 87 15

KETTLE maxgrip | 30.1 20.5 O 62 15 | 22.9 16,1 3 65 15
lo 1ift | 14.9 4.4 o0 49 15 | 19.9 17.8 0 59 15

up lift 8.6 18.9 0 71 15 | 23.7 22.4 0 74 15

max .1ift grip | 20.7 18.5 0 56 14 | 13.7 15.0 0 58 15

PULP In | 15.5 10.2 0O 35 15 | 18.1 10.1 2 35 15
PINCH Mi | 16.6 9.5 4 32 15 | 17.1 10.0 5 35 15
Ri { 13.4 8.7 2 29 15 | 14.%4 9.0 0 29 15

Li | 10.6 5.3 3 19 15 8.5 5.8 0 19 15

EXTENSION In .9 1.8 0 5.2 13 2.6 1.8 0 6.0 13
Mi 2.8 2.3 0.2 7.3 13 3.5 2.2 0 8.1 13

Ri 2.4 2.9 0 9.3 13 2.7 2.7 0 9.7 13

Li 2.1 1.8 0 6.4 13 1.9 1.9 0 6.0 13

KEY 0.5° 0.2 0.2 1.0 12 | 0.5° 0.3 0.4 0.9 15
TUBE 2.2° 1.0 0.7 4.2 9| 2.4° 1.2 0.5 4.7 9
LATERAL »INCH 40.0 20.1 16 65 4 | 48.5 2k.2 23 77 L

FIGURE 5.52.

Mean results obtained from patients
attending the rheumatology clinic

a - Newtons, b - Newton metres
S = standard deviation
n - number of patients
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LEFT HAND

RIGHT HAND
TRANSDUCER MEAN® S MIN MAX =n | MEAN?® S MIK  MAX n
POWER In | 15.5 9.4 & 31 10 | 15.3 5.9 7 23 10
GRIP Mi { 24.1 16.7 5 60 10 | 20.8 8.6 6 33 10
Ri | 24.7 26.7 4 88 10 | 19.1 10.7 7 37 10
Li | 11.9 9.5 1 28 10 7.5 4.6 1 14 10
Total | 74.5 54%.6 30. 190 10 | 61.0 23.1 29 102 10
PAN max grip | 42.6 26.2 9 84 9 | 34,6 19.0 11 60 9
lo lift 9.3 10.5 1 36 9 7.0 4.2 2 14 9
up lift | 12.6 13.3 2 45 9 8.4 5.9 2 17 9
max lift grip | 37.2 23.4 9 76 9 | 28.7 16.9 8 53 9
KETTLE maxgrip | 32.1 18.3 8 63 9 | 25.8 14.3 2 51 10
lo lift | 20.1 30.6 1 99 9 | 17.4 13.3 2 34 10
up lift { 21.8 30.6 1 99 9 | 19.6 15.2 2 39 10
max lift grip | 15.0 11.1 0 32 9 9.4 8.9 0 28 10
PULP In | 16.4 9.9 1 33 10 | 15.9 9.9 7 33 10
PINCH Mi | 14.0 9.3 2 31 10 | 13.5 8.7 5 31 10
Ri 9.7 8.2 o0 22 10 [ 10.2 6.2 2 22 10
Li | 12.4 9.2 o 28 10 | 10.2 3.6 3 14 10
EXTENSION In 3.0 1.% 0.9 5.5 8 2.6 1.0 0.6 4.0 8
Mi 2.0 1.0 0.6 3.6 8 2.1 1.1 0.4 4.0 8
Ri 1.5 1.7 0 3.0 1.8 0.9 0.8 3.3 8
Li 2.7 1.5 0.8 5.3 7 2.1 1.3 0.4  L.1 8
KEY 0.4° 0.3 0.2 1.2 10 0.3° 0.2 0.1 0.7 10
TUBE 1.62° 0.9 0.4 3.4 10 1.3° 0.7 0 2.7 10
LATERAL PINCH 27.1 18.4 8 64 10 | 34.2 17.1 8 58 10

FIGURE 5.53.

Mean results obtained from patients

in the rheumatology ward
a - Newtons,

b - Newton metres

S - standard deviation
n - number of patients
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LEFT HAND RIGHT HAND
TRANSDUCER r R o R F . c A
POWER Inf| 5.4% 0.009 0.61 0,024 2.38 0.108 0.50 0.254
GRIP Mi| 2.23 0.122 0.61 0.024 | 2.83 0.073 0.51 0.214
Ri | 0.51 0.604 0.36 1.000 | 2.65 0,085 0.53 0.151
Li | 4.02 0.027 0.44 0.531 | 5.13 0.011 0.53 0.162
total | 2.18 0.128 0.48 0.286 | 3.66 0.036 0.55 0.109
PAN max grip | 0.09 0.915 0.43 0.563 | 2.23 0.124 0.61 0.030
lo 1ift | 1.31 0.283 0.54 0.118 | 2.50 0.097 0.64 0.016
up lift | 1.08 0.351 0.51 0.196 | 2.32 0.114% 0.65 0.012
max lift grip | 0.16 0.856 O0.44 0,530 | 2.76 0.078 0.66 0.010
KETTLE maxgrip | O.14 0.866 0.53 0.149 | 0.43 0.656 0.52 0.147
lo 1ift {1.75 0.189 0.50 0.237 | 2.68 0.083 0.69 0.0032
up lift | 1.50 0.237 0.50 0.245 | 2.21 0.124 0.65 0.01C
max lift grip | 0.20 0.820 0.54 0,125 | 0.39 0.683 0.64 0.012
PULP In|2.21 0.125 0.53 0.129 { 1.80 0.180 0.55 0.097
PINCH Mi|1.73 0.193 0.62 0.018 | 1.37 0.267 0.47  0.357
Ri | 1.43 0.252 0.52 0.153 | 0.79 0.460 0.42 0.640
Li | 0.24 0.791 0.57 0.059 | 0.62 02.545 0.47 0.316
EXTENSION In|2.36 0.113 0.42 0.709 | 0.35 0.705 0.52 0.204
Mi| 0.64 0.537 0.49 0.362 | 1.27 0.295 0.47 0.450
Ri | 0.60 0.557 0.76 0,001 | 0.72 0.498 0.77 0.001
Li | 0.7% 0.485 0.41 0.823 | 0,03 0.972 0.48 0.399
KEY 1.48 0.242 0.48 0.316 | 4.65 0.016 0.49 0.235
TUBE 1.05 0.364 0.55 0.146 | 2.19 0.131 0.60 0.066
LATERAL PINCH [ 2.21 0.135 0.51 0.336 | 1.59 0.227 0.40 0.88%

FIGURE 5.5k4.

Comparison of results from the three clinics

using ANOVA and Cochrans C - test

F-F factor( comparison of means)
C - Cochrans faétor( comparison of variances)

the same

" A - Probability of the means/varianeces being
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LEFT HAND RIGHT HAND
CLINIC n In Mi Ri Li In Mi Ri Li
13 x [28.3 35.7 23%.2 18.2 22.5 34.5 26.8 21.3
Trial s |11.0 9.5 10.1 7.5 9.6 6.0 7.4 12.1
15 x | 14.6 31.4 27.2 30.6 23,9 29.3 27.6 24.8
Rheum s| 6.8 12.5 9.5 17.2 10.9 10.7 7.9 4.1
10 x |25.4 33,4 28,0 18.3 25.7 33%3.5 30.6 12.7
Ward s 120.2 11.9 10.8 10.8 0.8 7.4 12.1 6.8
All 38 x |22.7 33.4 26.0 22.8 23.9 32.3 28.1 20.3
Patients 1%3.6 11.3 10.0 14.4 9.3 8.5 8.9 12.5
Healthy 20 x [18.9 37.0 29.7 16.4 19.5 37.%3 28.3 16.5
Subjects S| 4.0 5.8 6.2 3.8 L,2 6.2 4.4 4.8

FIGURE 5.55a,

Percentage contribution of fingers

to power grip

X = mean contributions(%)
S <« standard deviation
n - number of subjects/patients
LEFT HAND RIGHT HAND
In Mi Ri Li In Mi Ri Li
x|1.69 1.60 1.73 2.57 2.47 2.57 0.11 1.65
P(X) 0.10 0.10 0.08 0.02 0,02 0.02 0.92 0.10
Fl11.6 3.8 2.6 14k 4.9 1.9 4.1 6.8
>0.01
P(F)K0.01 <0.01 <00025(O.01 <0.01 20,05 <0.01 £0.01

FIGURE 5.55b,

Comparison of finger contribution results;
patient results against healthy subject

results.

P(X)
P(F)

the same

Probability of both means being the sane
Probability of both variances being
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FIGURE 5.67.(continued) Force-time curves of puwer grip from patients with arthritis



feHAIo = 0 T 6@ WoIn 19 N 3TEPS

s

ey

F

/,“l:\____ﬂ

/\———-miT_\Q

. i - \
i

ARl = 9 TO T oo I 13 N O3TEPS

THAl3 = @ 70 70 N IN 18 M STEFS

¥

reHALY = 9 TO 33 H [N 10 N LTeP3

*
e .

FIGURE 5.67.(continued) ¥orce-time curves of power 4rip rrom paticnts

defeln o= oay TR N DH e b 2 TEPD

+

4

+

ToHAIS =9 T 3 H [N 10 N OSTEPS

.

YRSIS = 3 V0 SR W OIN Lo M STEPS -RAIS = 9 T 2B N IN 1D N STEPS
r F

i .
' + +

¥ * M
. .
Il )}K ’
I 3

| T \ P

: AN .

‘ f' M\\_ S,

~. T

SeRNES = @ T3 TAOM IN 19 N OSTEPS

YoHATS = 3 TO B8 N IN 19 N STEPS

YtHOIS = TO SO0 N 1Y 25 HOSTERS

HLLE = T Ty o It N OSTEPS

¥ . +

" 1 v

* + . P + N
L [
N +

. m
m - . e e,
/ e e \ /’”__// \\

AT T TN ‘ '

°¢¢e

with arthritis



Hels =
—-AX1S =

U T0 B3 NEHTONS IH STEPS OF ta NEHTONS
@ TO S SECONDS IN UNIT STEP:

il

QT 1S5 HEHTOMS [N ATEPS OF 25 HENTOMS
€ TO 5 SECONDS IN LT STEFC
-

+ - *
*r N
i + +
. v
|
!
t
.
)
SO
I, sl L
. T
- — TN e
ET el

verin s =

BT 48 NIty N STERS

FIGURE 5.67.(continued) force

T-HAIS = B T 90 NEWTONS IN STEPS OF 13 NEWTONS
X-AYIS = @ TO % SECONDS IN UNIT STEFS
roele ot .
-+ .+ < e,
t * e
N .

4-AXIS = @ T € SECONDS IN UNiT efeps TT T

v [
.

TROLR = T LES g N 25 N 3TEPS

.
2
. e = d
s o
. ]
l i
—_———

~time curves of power grip from patients with arthritis

°Hee



Y-AX1S
A-RXIS

[
|

@ TO 30 NEWTONS IN STEPS OF 18 NEWTONZ
© 7O 6 SECONDS IM UNIT STEPS

——
—

/ TN
\

B NENTONS IN STEPS OF 10 NEWTOMS
SECONDS IN UNIT STEPS

oo
g3
© >

Y-HXIS = @ TO 3@ NEWTONS IN STEFS OF 16 HEWTOHS
?-QXIS = @ TO 6 SECONDS IN UNIT 5TEPS

i

!

= @ TO 68 NEWTONS 1H STEPS OF 19 NEWTOH:
“£-AXIS = O TO S SECONDS IN UNIT STEPS

Y-z o= 0 TO 70 N IN 16 N STEPS

et
o

L
e
i /-_1'}—//“ - \\
Y-RCIS = 6 TQ 38 MERTONS TN STEFS OF 100 HEHTOMS
-H~IS = 9 TO 6 SECONDS IN UNIT STEPS

YeRUTES = A TOO Q0 NEWTONS TH STEPL UF Lin HERTLH-
-AAIS = 9 T 4 SECONDS [H UNIT STEPS

. y
l\\
H \
\
! Y
u —_———— \
1 444%"—— _*__?@h-}hxg

WeRRIS = 0 TO 125 N IN 25 N STEPS

e e

/ A

Y-AXIS = @ TO 125 N IN 25 N STEPS

{
{
|
1

Y-RRIE = @ TO PA N IN 18 N STEPS

| \
/

\\\
\,
\

// M—&
e

\

>

= @ TO 46 HEWTOMS 1M STEPw OF 1H HEMTONE
L=HALS = @ T S SECONDS IH UNIT STEPS

Y-AXIS = @ TN 125 N IN 25 N STEP3

/
i

ol
= \\\

J

_/ “\\

Y-A<1S = @ TO 108 N IN 1@ N STEFS
I
[

-
o

0 HEWTOME It STERS OF lu HEHT 1S
SECONDS IH UNIT 2TEP:

7RIS =
AT

Iy

°6¢e



7-“%15 =0 TD 125 N IN 25 N S1EPS

YeRSIE = 0 TO 3¢ 4 IM 16 H SIEFS

et T TN
>

@ TQ 7 NMEWTOMZ IH STEFS OF | NEHTON:
9 TO 8 SECONDS IM UNIT STEPS

1

p ok s}
x>
B
')

T

|

3 \

i //’ \
: 4

' -~
L TN

Y-AXIS = @ TO 158 N IN 25 N STEPS
f

! AN

f
i
b
1
I
' A
| ~
i, SRS
l N
i N
r-RGLE = o0 Te T M OIH e HORTERS
FTTNL o
/ - T
/' A}
o
\
‘\
-\
Sheg e

3 OF 1 NEHTIL-
D T S SECONDS IN UNIT 3TER:

— T

W-RXIS = 0 TG S0 N IN 10 M STEPS
'

,ﬁ\\‘/)\/_\‘\
/ \

FIGURE 5.68.(continued) Force-time curves of pan lift from patients with arthritis

Y=RLIB = 0 T0O30 4 IN 1o N STEFS

AT
— .

= @ TO 3@ MEWTONS IM STEFS OF 10 HEHTOH:
=0 TO S IECONDS IN UNIT =TEPS

N

/ BN

@ T0 3 NEWTORS IN STERS OF 18 HEWTOHE
9 1O 5 SECOHDS IN UNIT STEPS

/

/

f T
r
|

I .

| |
M

e _.L e e \\\M

Y-AY.

15 = @ TD 48 NEHTONS IN STEPS OF 18 MEWTOM:
A-ALIS =8 T

0 5 SECUNDS IN UNIT STEP3

i

MENTONS BN STEPZ OF 35 NEWTUH:
ECONDS TH UNIT STEPS

G TO 40 MEHTONS TH STEFS 0OF 10 NEHTONS
g T) 6 SECONDS IM UHIT STEPS

.,

[ T
/ ~

J ) A

- P -:II—\'.\
{/’ "’rf,—avr — &t:::::?‘

@ TO 4@ NEWTONS IR STEPS OF 1@ MENTOM:
P TO 6 SECONDS IN UNIT STEPS

v Ity

Y-AXIS = & 7O 15 N IN 1 N STEPS v-ps1s = B TO 15 N IN 1 N STEPS

r _ ;

| \ }

3 .

r r

! \ :

.; 1 : N

{ 13 / o
VN ] 7NSAN
T, A .

L ,¢;;/”“\“’/ﬂ\““‘ i N

*9¢e



Y-AX1S
A-ARIS

S@ NEWTONS It STEFS OF 1o NEHTON-
4 3ECONDS IN UNIT STEPS

[~
OO

Y-HAIS = @ TO 4@ NEWTOHS IN STEPS OF 18 NEWTUNS
= 0 TO 4 SECONDS IN UNIT STEPS

L P /A0

Y-R{1S = ¢ 10 76 M IN lu N SIEFS

f// e ,«\_,_,.‘__4,«'§i~:::§x\§>
i
L [T

FIGURE

) S 3ECONDS IH UNIT <

0 4 SECONDS IN UNIT STEPS

s

' 4@ HEWTONS [N STEF: oF RURAN (T

Q 78 NEWTONS IN STEFS OF 18 NEWTCONML

Y-RRIS = & TO 40 N IN 19 H STEPS
!

@ NEWTONS [N STEPL OF 10 HEWTOMN:

-AAlY = U O 90 N I 10 N STERS SECONDS 1N UNIT STEPS
i
‘ ,—»’L—“""" - -
[ - — P
! f\/ \
A\
/ \

' { . . ™~

J :
o )
it - e
{ A TN ,_,f\
I T TGN =
[ //—-/ T ! e

Y-AXIS = 9 TO 125 HOIN 25 W STEPS
V-RXIS = @ TO 8B N IN 10 H STEPS :
,M‘\ A
P N ' / \\
- ~ -

] r—’ u\ -—

- .
1
\

O
./)
M
| J

o/
v

50,68.(continued) Force-time cueves of pan lift from patients

Y-RZIS = @ TO 8@ N IN 18 N STEPS

YeHEIL = 0 TU 17 W OIN LN STEPS
ST
! N

S N

e

;

:

5 P —

¢ iy ‘,_a/A\-—J’\\

M l§ D 98 NEWTONS IN STEFS oF lH NEHTONS
f~HKIb 0 7 SECONDS IN UNIT STEP:

@&m
=

s

,_-—-—'~‘“——"::ﬁt::=:§

Y-RAIS = @ TO 98 N IN 16 M STEPS
r .

T . S

°lse

with arthritis



Y-ARIS = B TO 4@ 4 IN 18 H STEFS Y=FAlS = 8 TO S8 N IM 10 H STEPS
i ' i § WeR)s = @ TO 12 M 1N 1 H STEPS v—qsqs D TO 16 M IN | N STEPS
. — / 1 )
I N e ; . ;
/ T ~ o \\’“\-»h~ o /\\l \\_//\/ AN i \/H\/
/ ~ —— : /, .
i B r /
/ . \ ,’{
/ /( /
i i
- = ; !
P e e " A
. it - e T e - o o
v Z=SaN T\ —

IV-QXIS =0 T0 58 N IN 180 N STEFS Y-AXI3 = 6 TO 3@ N IN 1@ N STEFS YRMIS = @ TO 1T N Iy g N STEF

b :

. “ e AR
’/ \"‘"\\M | ; \—"\.\ . ‘ .: N\ 4\. AL / —\\

) H
r/ — \
( e I L
i ST : P . N
S v T ~_\1/
S U N
Pmfla = @ TD TRON DM 18 n STEPS YeAKIS = w0 T0ORG N TN LI N OSTERL PORALS = @ T0 SO M OIN 18 N STEPS

AN\ N e . .
e % L N Ad P

TN

— R i - :——_—d;_'b_,_,-._ . e oL -
- —_——T Ldk
.

Y=AXIS = 6 TO 9 N IN 1 N STEPS bl = o < i
ARl 0709 1 El Y—H, 1% 9 70 12 W IN 1 N STEPS oHADY =@ T 90 M OIN 1G M OSTERS

; . HIs T 3 Y=AEIS = B OTO 86 N IN 18 N STEPS
. YARRN ey ‘
) J o ——— e e e N ! N N
\ /\/ M : A N "—/\“‘\ T
. . ; — :
i \ // \ : ~ ’/\\\

|
| | |

2ahinn— N R

FIGURE 5.68.(continued) Force-time curves of pan lift from patients with arthritis

°gse



€ T 19 NEHTONS IN STEFS OF 1 HEHFOHS
9 TD 5 SECONDS IN UNIT =TEPS

|
pep o)
X =
W
"o

‘ ' N
b { v
i . \\

- \
4 \
\
: ) /”'L /A\E_{/r \\\
Fo) i ) /N TN
el e N L
YURUTE = 0 TOOPR M 1M 10 HOSTEFS
N
-~ \"—'~"'\—=~

e e e

YeRAlE = @ T0 60 N IH L0 N ORTEFS

~

i \“‘\_JMN\“

L R e e :
Yo \.ﬂ"‘\'\_\i

Y-Hali o= 0 TO 70 N OIN 1o ot STEPY

A P
. NN e R N

. /,:_)——~~——-o~ N

FIGURE 5.68.(continued) Force-time curves of pan

Y-RANIS = T
L=HRIS = D TO

[=g)
Ui

8 NEMTONS. IN STEPT OF 16 HEUTONS
SECONDS IN UNIT 3TEPS

i
1

ug,ij/[_;__w__,*_\!&__.

FeHEIE = 0 U PEONOIM 1o N S1ERS
i
e’ \"\
e ~.

-/

g

J;
oS

YeHnlT o= 0 T0 6O N OIM 10 N STEFS
S

lift from patients with arthritis

*6¢e



?—QXIS =0 T0O 828 H IN 1@ N STEPS

S
//]f ,

YeRUIE = 0 T A

N IM 1 M STEPS

! \
H
/
)
] .
VRIS = @ TOOBG M IM 19 N STEPS
TN
~
v ~.
VAR .
f g Ty
N
/ }
&
A
K .

e 70 5@ HEWTONS [N STEFS OF 10 ngptfon.
8 10 & SECONDS IN UNIT 5TERS

| N '

o » A
‘/‘/r l/szgkk\é\ﬂ.~i> —Jf\‘j \
=

FIGURE 5.69. l'orce

Y-RAIS = & T0 96 N IN 1 M STEPS

|
!
i

/

!
b i
PEZVN

RIS = 0 TOOF0ON IM 1O H ORTEFS

OO S HEHTONS [N STEF: OF 1y nEsiTot.
TO & SECONDS [N UMIT STEPR

@ T0 90 NEWTONS [N STEPS OF 10 NEWTON:
9 70 7 SECOMDS IN UNIT STEPS

\\
N
{ "M'

Y-AKIS @ T0 26 NEHTONS IN STERS OF | NEHTON:

“-RXIS = 9 TO B SECUNDS [N UNIT 3TEPS

Y-ANIZ
Y=RKIS

Q TO 3@ NEHTONS IN STEPS OF 10 NENTONS
@ TQ 7 SECONDS IN UNIT 3TEPS

>

NS \

==
e

@ NEHTONS IN STEFS OF 14 HEWTOMS
SECONDS IN UNIT 3TEPS

)\__\

i
f 4 A
:

N
L.
o AN
/ //‘ \\‘
Y-AXIE = @ TO 180 NENTONS IN STEPS OF 10 HEMTONS Y-AXIS = T 9@ HEHTONS IH STEPRT OF 10 HENTONS
x-ﬂxl = 0 T0 4 SECONDS IN UNIT STEPS {-AXIS = T} S SECONDS IM UNIT STEPS

/\\__d/ T

v .
]
S
i
r{ <:;=a:;_;=d£:
bl / \
'l~‘_ A____._.. e e T ——
V=R = 0T0 58 N OIN tu M STEPS

PRGBS, ~_

) ’//-"A

-

%KN
. .
\‘
o |
? \
- SR .

YRAlZ o= 8 TO 60 N IH 10 H STEPS
-

~-time cuves of kettle 1lift from patients with arthritis

*04e



v-AXIS = @ TO 88 N IN 10 N STEFS

T

Y-AXIS = @ TO 98 N IN 18 N STEPS
{ .

|

[ e v = =

TeHALD S WL s MO IN L0 N SlEMS

L 9% N VIR SR SR T I TE I S IEY 1100

T
. I
e g "\ —\\
f' s \A J \\ ’
i N ; T
4 ‘ N
/ i ;
¢ . .
' !
, K
/ R
R
N . W
’ \,
i M . N\
/ ;\\‘.:\ N 4 &. N .

HEHTONS Th STEFS OF 1 MEHTLN:

Y- Rzlc =8 T0
" SECONDS IM UMIT 3TEPS

(L]

IMOSTER? (F | HEUTw-
T JELuNEh LeanT 2reps

r’r\\,,\
. J .
™~
/ \ - ™~
- . N
. / N
i f/ \\ i ! / \ - \\
' o N N
i ) [ S A
VA ' Vo
N T /o N \‘\
X \\\\ A S N ..
pRv Al Lo . . o\ .
4
Y-RIS = 0 TU 8GN IN 10 N STEFS ¢ RIS = 0TO AR NI 10N STERS

FIGURE 5.69.(continued) Iorce-time curves of kettle 1ift from

//_ N )\

; \ \/& /“v/\/q
e \\
.’ \

= 8 T0 38 NEHTOMS IM STEF- OF 10 HEMTONE
=8 10 5 SECONDS M UNIT STEPS

i {
|~
l f - h\“ T /’/lﬁ\\
i D U
{ ——
b
N

L TN

Y-HYIS = 2 TO 18 NEWTOMS IN STEPS OF | NEMTONS

4-AXIS = @ TO 5 SECONDS IN UNIT STEPS
8

[
ijy
/
/
i

@ T0 70 NEWTONS IN STEPS OF 1y HENTOHS
9 TO S SECONDS IN UNIT STEPS

& TO 40 MEWTONS M STEFS LF 10 HEHTONS
9 TO & SECOMOS IN UNIT STEPS

Y-RAIS

= @ TO 6@ NEHTONS IN STEPS OF 16 NENTOH:
4-AKI5 = @ TO

SECONDS IN UNIT STEPS

um

| e

YoGRIT = @ TO 3@ MEWTONS IN STEFS OF 14 NEWTONS
C-HAIS = B TO 5 SECONDS IN UNIT STEPS

[

, e _—-“‘\\,f\\\
| r
: , e \\
! ~— i
I - f AN
?’-—Qx]s =@ 708N INI1N STEPS ;I-RXIS =8 T0 1IN IN L N STEPS
¥ |
1 1
! |
1
| L
'
‘ 1’
N
~— +
—_— PN
.
patients with arthritis



Y-RAIS
S-AXIS

@ TN 7@ NEHTONS IN STEFS OF 16 HEHTHE
8 TO & SECONDS IM UNIT STEPS

an

@ NEWTONS IN STEPS OF 16 HEWTOM:
SECONDS IN UNIT STEPS

[P

@ TO 30 HEWTONS I STEFZ uF 1w HEMTOHE-
9 TO 4 BECUNDS IN UNIT STEPS

6 TO 49 NERTONS IM STEPS OF 10 HEHTUt:
@ TO 4 SECONDS IN UNIT STEPS

; \
3 \
\
; T
- | )
- ’f
i /h/f/ W"f\\
\>v<>\, . o .
Y-HAlS = 0 TU 49 N IN 10 N STEFS y-RA1E = B TO BO M IN 1u H STEFS

|
ff*\ 74\

STEPS

W-RNlS =

Q T0 1Z H IN 1 H STEPS YeHAIS = 0 TO 9 H IN 1 N

FIGURE 5.69.(continued) Yorce-time curves

of

¥-AXIS = B TO 46 N IN 18 N STEPS : ‘(" AXIS = @ TO 6@ N IN 12 N STEPS
[ : ‘
: —_ . . \ /z’\V/”k\h_
| P - |
I ,
i 1
! I
s \ L !
/ - N

1/ \ L/ U

/ \ : P "

v Nzl - '\
woRAIS = @ 10 TN IN 18 W STEFS Y-ECIS = 8 TO 36 N IN 10 N STEPS
Co ;
A :
| / 5 |

[~ L
. \ v N
. \ o P
‘; M e R .
J N\ |

3 )
{2 \

! -~ et \\\ '

— —

S

0-HY1S = @ TO 60 HEWTONS 1N STEFS OF 160 HEWTONS -AXIS = @ TO 4@ NEWTONS [N STEPS OF 10 MEWTOMNS
4-RX1S = @ TD § SECUND> IN UNIT STEPS AX1S = B TO 7 SECONDS IN UNIT STEPS

|
i
|

S\

*ehe

kettle 1lift from patients with arthritis



Y-AXIS = © TO 8 N IN § N STEPS
.
.
'n
o
A\
.

.
i

Y-RXIC = 0 TO 7N IN 1 N STEPS

T
%/I /Vf\?\ X\
N -

Y-A<IS = @ TO 38 N IN 10 N STEPS

o1
p <
ps
o
n
>
—
=
o
©
z
z
@
=
o
=
m
R
o

. \.._\

F N
PHRIS = 6 TO 48 N OIN 18 N STEPS

t

. / \\

I

TN N

Y~HKIS = © TO 40 N IN 1@ N STEFS

% /// {
A

\

Y=RA1S = 9 TO 4@ HOIN 18 N STEFS

A Jf\
TN
/ N

YeRAI: = @ TO 3@ HOIN 10 N RTERS

| .

| -
i L

{ “:;’ﬁv-“z_— R — TRy

WAL = @ TO 3@ M IN 10 H STEPS
i

J
/ \
? r,ﬂ\v//// N\\\\\\\“
|Ifl ‘\\h_“\\\\-

' ~.

:

\A/_/

‘

} ot e SO

TeREIS = @ TO 30N IM 1D N ATEPS

ﬂ\ -
i - / N\
; \\ /// \\
] . SRR >
) ~ /,,/ \’)<\ /\// /(-‘\\J‘L}‘\)::
——- L T >

YR IS = u T S0 N IH 1Y+ STERS

5 T et 1_Q\
—

YeHRIT = @ TO 11 M IN 1 N STEPS

-

em—r_s s

C=RETS = B TO BE M IM 1@ N STEPS

i e T

FIGURE 5.6Y.(continued) rorce-time curves of kcttle lifts from patients with arthritis

°¢He



= & TO 40 NENTONG 1M STEPS OF 19 NEWTOHS Y-RM1T
= B TO 4 SECONDS IN UNIT STEPS RN &)

HoH

G TO 16 HEWTOHS IN STEFS OF | NEWTONS
D TO 5 SECONDS IN UNIT STEPS

J

; .

t N i e — { 1:::::::::t:i::4:*4:;:
YRSIS = @ TO 90 HOIN 18 N GTERS YoRAIES = 8 TUO40 M TN 19 4 STEFS

; i E E

\ ™~ 4
i‘( . ) e . / \1|
j ~ -~ Vo T
LT \ \ if{ R, H\
[_,4_ e e — \ . {»_- [ M\\...___\IX..
VeHAIS = U TO 5@ HOIN 1 M 3TEFS
~ /

s

e

o
Fi
o]
o+
4]
Fh
H
Q
=3

e}
£
t
-
(&
3
o+

4]

z

(2

ey

8]

=

~t+

3

3

.

-+

o

N

“Hhe



407 °
Z
O
230 i
=z ® Mean *1s.4d.
o
S 20- '
T
10 * L
L
0 (a) (b)
PATTERN
(a) (b)
Approx Avprox Approx Approx
Jax max max max
1ift grip 1ift grip
(®) () () (v
10 30 5 20
15 55 10 25
10 40 30 60
10 60 25 110
5 25 35 60
5 20 30 90
5 35 20 100
20 110 25 125
5 30 5 4s
5 40 10 30
5 15 25 80
30 65 10 70
5 80 20 70
30 110 10 70
5 30 30 80
5 40 15 30
5 50 40 80
5 30 30 30
10 65
5 16
5 14 -
10 60
Mean] 10 21
S 8 11

245,

FIGURE 5.70. A comparison between the two basic force-time

curves observed in the pan 1lift of patients

with arthritis




2h6,

r—ﬂXIS =8 TO 38 N IN 16 N STEPS Y-AXIS = @ TO 39 N IN 18 N STEPS
T

i
;
i
!

N —

Y-AXIS = @ 70 3@ N IN 18 N STEPS
X

FIGURL 5.717. Force-time curves for underarm kettle 1ift




GRIP MAXIMUM / NEWTONS

1507

1207

907

607

307

T T | T T ] T

0 10 20 30 40 50 60 70
MEAN LIFTING FORCE / NEWTONS

FIGURE 5.72. Scatter diagram of the mean pan lifting forces against the maximum

handle grip forces for left hand lifts of patients with arthritis

°lHe



GRIP AT MAXIMUM LIFT / NEWTONS

1507

1207

907

607

307

==

T T T 4 f ! 1

10 20 30 L0 50 60 70

MEAN LIFIING FORCE / NEWTONS

FICURE 5.73. Scatter diagram of the mean pan lifting forces against the handle
grip forces at maximum lift for left hand 1lifts of patients with

arthritis

°gn2



1507

1207

907

GRIP MAXIMUM / NEWTONS

607

307

T T T T T Y Y
10 20 30 40 50 60 10
MEAN LIFTING FORCE / NEWTONS

FIGURE 5.74. Scatter diagram of the mean pan lifting forces against the maximum

handle grip forces for right hand lifts of patients with arthritis

°642



150

1207

907

GRIP AT MAXIMUM LIFT / NEWTONS

607

307

T ! T i I A T K
0 10 2 30 40 50 60 70

MEAN LIFTING FORCE / NEWTONS
FIGURE 5.75. Scatter diagram of the mean pan lifting forces against the handle
grip forces at maximum 1lift for right hand 1lifts of patients with

arthritis

°042



150

120

GRIP MAXIMUM / NEWTONS
0
[ ]
1

T I 1 I 1

20 40 60 80 100
MEAN LIPTING FORCE / NEWTONS
FIGURE 5.76+ Scatter diagram of the mean kettle lifting forces apainst the
maximum handle grip forces for left hand lifts of patients with

arthritis

*LGe



WTONS

-
pad)

GRIP AT MAXIMUM LIFT / N=

150 -

120 -

90

60 4

o

T 1 Ll

¥
20 40 60 80

MEAN LIFTING FORCE / NEWTONS
FIGURE 5.77. Scatteir diagram of the mean kettle lifting forces against the
handle grip forces at maximum 1ift for left hand 1lifts of

patients with arthritis

)
100

*2se



-

wn

o
1

120 4

GRIP MAXINUM / NEWTONS

90 A
60
[
° . [
] o
. .
.
304 o e ¢
[ ] A4 ° [ ] o
U 6 e .
. . °
L
° .
. .
]
P o [ )
A T T T U T
0 20 40 60 80 100

MEAN LIFTING FORCE / NEWTONS

FIGURE 5.78. Scatter diagram of the mean kettle lifting forces against the

maximum handle grip forces for right hand lifts of patients

with arthritis

*¢6e



GRIP AT MAXI¥UM LIFT / NEWTONS

150 +

120 +

90
60" 'Y
30 4 ¢ . .
o
s o % o. ¢ ® ] . -
| PP PN r—a — e hh r r -
0 20 40 60 80 100

MEAN LIFTING FORCE / NEWTONS
FIGURE 5.79. Scatter diagram of the mean kettle lifting forces against the
handle grip forces at maximum 1ift for right hand lifts of

patients with arthritis

*Hse



255,

Left Hand Right Hand
Corr S1 In Sig Corr Sl In Sig
MALE AND FEMALE
PAN
max grip 0.79 1,73 23,3 0 0,75 2.04 27.0 0
max 1lift grip | 0.77 1.53 21.2 0 0,78 2,02 21,9
KETTLE
max grip | 0.37 0.51 23.6 0,015 0,13 0.12 22.7 0,217
max 1i¢t grip | 0.33 0,35 12,5 0.031 0,04 0,03 12.9 0,412
(@
MALE
PAN
max grip | 0.68 1.15 43,9 0,001 0.68 1.52 43.4 0,001
max 1ift grip | 0.64 0.95 41,3 0.003 0.74 1.59 34.6 0
KETTLE
max grip | 0,20 0.20 42,3 0,245 0.30 0,28 L44.7 0,131
max lift grip | 0.01 0,01 33.0 0,489 0,26 0,27 29.8 0,164
FEMALE
PAN
max grip | 0.77 1,85 14.7 0 0.75 2,95 14.2
max 1ift grip | 0.81 1.80 12.1 0 0.76 2.96 10.4
KETTLE
max grip | 0.22 0.35 17.8 0.176 0.27 0.23%3 14.3 0,128
max 1lift grip | 0.32 0.24 6.3 0.082 0.26 0,13 6.3 0,137
®
(@ comdt b)

FIGURE 5.80, Regression analysis of mean lifting forces
against handle gripping forces

Corr - Correlation coefficient
S1 - Regression line slope

In - Regression line intercept
Sig = Significance of no correlation

* = does not include overloaded measurements
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KEY

The following colour code applies for all

subsequent colour figures:-

POWER GRIP, PINCH & EXTENSION

Blue Index finger
Red = Middle finger
Green < Ring finger

Black = Little finger

Blue - Total grip (Power Grip), Lateral (Pinch)

PAN & KETTLE

Blue = Maximum handle grip
Green <~ Grip at maximum 1lift

Red = Mean 1lift

TWIST

Blue = Tube

Black - Key
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FIGURE 5,88, Clinical follow up results of DE




268,










ARTICULAR
INDEX

N
o~
]

Centipoise

™~
&~
J

270,

PLASMA
VISCOSITY

gz.oo-
300+
2001

1001

l no I 2.2 [ no |
10 drug drug
2.0
0 T T T T T T T T T )
0 50 100 150 200 25 0 50 100 150 200 250
Days Days
Best
1001
GRIP VAS
£1007 L 807 Health
[S I no |
E drug 604 Pain
| no |
80 40 drug
201
60 T T T T J] T T T T .
Days Days

Drug dosage

(Penicillamine)

Sl
E

(Auranofin)

Device measurement

Day;

FIGURE 5.90. Clinical follow up results of DS



271,










ARTICULAR

o Centipoise

N

273,

151 INDEX PL ASMA
1.87 VISCOSITY
5..
1. 61
0 50 100 150 200 0 50 100 150 200
Days Days
GRIP
Bast
1201 100+ VAS
R 80
Health
801 L 601
401/ Pain
loOJ 207
T ad 0 =T .l
Days Days
6101
E Drug dosage
81 {Auranofin)
6_
L
2-
- Device measurement .
0 T =T

Da§;

FIGURE 5.92, Clinical follow up results of ES
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POWER GRIP PAN KETTLE
PATIENT SEX HAND In Mi Ri Li Tot ng lo up 1g mg lo up 1lg
JA F L 31 4o 29 Lo 150 63 9 8 1 62 22 27 48
‘ R 74 82 63 24 226 69 14 16 69 4z 27 34 25
B ¥ L 28 28 19 25 9% 28 7 8 28 15 8 9 5
R 22 19 25 31 93 24 4 4 19 9 9 10 o)
JF M L 15 19 8 4 46 46 1 0 - 9 2 1
R 6 30 25 5 68 57 3 3 - 23 27 30
s M L L6 29 49 28 1432 L2 4 6 LY 31 3 6 27
R Ll 35 22 10 109 L49 0 2 4o | 49 2 5 49
Vs F L L6 22 13 40 127 52 24 20 50 i 47 60 L
R 8 18 0 11 38 L3 4 2 42 7 11 11 0
- - L 15 17 13 14 59 23 0 1 16 6 0 0 0
R 22 13 14 10 57 28 0 0 0 9 0 1 6

FIGURE 5.109, Initial results of physiotherapy patients with bilateral

hand disorders ( all units are Newtons)

mg = max grip
lg = max 1ift grip

*Lé62



PULP PINCH FXTENSION KEY (TUBE | LAT.
PINCH
PATIENT SEX HAND [ In Mi Ri Li | In Mi Ri Li
- P L 1% 11 9 10| - - - - 0-31|1.94 49
R 26 10 19 71 - - - - 0.48[2.98 53
rB P L 1% 13 7 71 2.30 3.13 2.51 2.09/0.31|1.04 16
R 16 16 11 13 | 2.51 3.95 2.71 2.0930.35|1.30 29
JF M L 11 5 5 4 | 0,23 1.68 0.23 0 {0.70[1.81 10
: R 19 19 11 6 3.75 3.13 1.47 2.9210.74]2.07 i
FS M L 38 38 26 16| 3.33 3.13%3 1.89 3.13{0.91| - -
R 32 %2 10 4 | 2.92 3.33 4.16 2.71]0.39]| - -
vs p L 190019 13 0 - - - = 0.5712.33 | 44
R 29 19 16 .0 - - - - 10.48]0.65 29
L 6 6 6 s| - - - - N _
VT Fooog 0w 9 6 7| - - - - - | - -
v
) FIGURE 5.109 (continued) : Initial results of physiotherapy patients with

bilateral hand disorders. (all units are
Newtons except key and tube which are
Newton ~ metres.)
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PATIZNT | SEX 2gﬁ5 AGE DISORDER
JA F R 50 OA - right and left thumbs
FB3 F R 50 RA - physiotherapy, post hospitalisaticn
JF i L 55 Raynauds disease( hand circulation )
¥Ss M R 64 Loss of hand function ( Vwm‘"LaQJko%\
Vs w R 69 R\ - physiotherapy
VT F R 66 RA ~ right & left carpal tunnel release

FIGURE 5.110. Details of the bilateral hand disorders of
vatients attending the physiotherapy clinic

OA - Osteoarthritis
RA - Rheumatcid arthritis




POWER GRIP PAN KETTLE
PATIENT SEX HAND In Mi Ri Li Tot mg lo up lg mg lo up lg
JB F L 56 65 48 33 195) 55 17 21 51 | 34 23 32 23
R 11 6 13 19 4o | 42 L 5 28 4 27 9 0
DC F L 51 4z 28 34 154 | 113 38 52 106 61 51 68 58
R 23 18 15 14 64 8 4 5 6 8 15 21 0
AKC M L 23 66 82 86 247 115 27 58 105
R 79 150 111 57 39% [ 213 46 59 205 - - -
e M L 22 82 46 44 200 | 106 15 18 79 | 52 Lo 46 33
R 9 5 0 0 14 15 3 3 15 10 17 18 4
NH F L 28 20 33 27 103 28 3 6 28 10 14 14 0
R 14 12 16 8 50 7 o] 2 L 0 9 8 o)
BH F L 71 62 33 54 204 94 17 23 94 41 23 38 23
R 26 51 16 14 106 37 3 9 30 L 5 6 o)
N M L 95 123 122 63 371 {119 24 50 101 - - - -
R 14 16 37 25 110 15 11 13 15 0 26 25 0
AGM F L 30 46 33 45 153 | 88 17 19 78 33 15 10 33
R 12 11 4 11 38 0 0 0 o) 2 Vi 5 1

FIGURE 5.111a Initial results of physiotherapy patients with unilateral hand
disorders ( all units are in Newtons)

mg=max grips;

lg-max 1lift grip

°4#62



POWER GRIP PAN KETTLE

PATIENT SEX HAND In Mi Ri Li Tot mg lo wup 1lg | mg lo up 1g

PM F L 74 96 55 68 288 79 1% 15 79 1101 16 19 100
R 20 22 22 33 92 63 6 7 56 29 9 9 27

LM M L 105 135 96 63 398 1170 55 68 169 -
R 92 85 52 9 233 1196 Sit 60 196 -

DM F L 30 27 10 22 88 52 0 2 52 4s 0 2 39
R 19 12 8 11 45 14 0 0 - 5 0 0 -

IR - L 18 25 17 24 79 | 22 2 4 17 35 15 17 15
R 8 9 5 11 30 14 0 1 8 1 4 3 0
L 60 35 Lo 41 177 - - - - - - - -

AGR "R 105 121 90 101 413 | - - - -

AES F L 3 1 1 4 6 | 22 0 1 22 8 2 2 3
R 24 43 329  4p 142 4o 6 6 35 78 4L 6 69

Lw F L 3% 59 31 30 151 | 45 b 5 41} 34 8 10 30
R 34 22 6 9 68 47 1 2 4o 232 7 8 19

FIGURE 5.111a(continued) Initial results of physiotherapy patients with unilateral
hand disorders ( all units are in Newtons)
mg-max grip; lge—max lift grip

°662



PULP PINCH EXTENSION KEY | TUBE | LAT.
PINCH
PATIENT SEX HAND|In Mi Ri Li| In Mi Ri Li
- 29 32 19 10| - - - - 0.48 - -
I8 FoooR b7 11 k| - - - = o3| - -
L 53 44 47 39 | - - - - 0.87 - -
be F'or o179 s oan R - - o - ouk | - -
AKC M L 12 23 19 16 |6.23% 4.99 6.02 5.40 [0.39 - -
R | 35 26 16 7 17.88 7.26 8.50 3.33 |1.30 - -
GC M L 33 329 22 22| - - - - 0.74 [1.68 47
R 25 14 0 o] - - - - 0.61 [0.91 36
L 19 26 16 10 - - - - 0.61 [1.94 -
NH F R 7 7 2 o - - - - 0.13 [1.17 -
BH F L 50 16 L 4 11,27 5.19 5.40 3.95| 1.17|3.2h -
R 16 4 0 0 |0.65 0.23 0 0 0.26(0.26 -
L 4t 38 26 19 - - - 1.7 - -
NH M R 9 2 8 5 _ - - 0.17 - -
AGM M L 29 26 A 71 - - - - 0.92]2.85 -
R 3 3 3 1 - - - - 0.31]0.52 -

FIGURE 5.111b

Initial results of physiotherapy patients with

unilateral hand disorders.

Newtons except key and tube which are

Newton-metres)

(all units are

°96¢



PULP PINCH EXTENSION KEY TUBE LAT;—1
PINCH
PATIENT  SEX HAND | In Mi Ri Li In Mi Ri Li

oM F L 26 23 10 10 | 2.92 3.54 2.09 2.09 {0.91 L.,79 62
R 12 9 8 513.33 4,16 3.33 3,33 | 048 1.81 41
L 58 31 25 22 - - - - - L .,02 -
LM "R je1 53 3 6| - - - - -] 2:85 -
L 19 19 7 7 = - - -~ 057 - -
DM Foor |0 & 4 9| - - - - Jo.22 - -
IR F L 16 13 10 711,06 2,30 1.27 1.89 |0.31 1,55 23
R 12 9 11 Vi 0 0O 0,65 0O |0.,26 1,17 16
AGR M L 41 L 23 29 | 4,57 0 0 2.09 - - -
R 71 89 77 50 | 6.02 6,43 5,61 2,71 - - -
L 4 7 8 5 - - - - - 0.65 -
AES F R 26 32 13 7 - - - - 0,92 3,50 -
W, F L 25 19 8 11 | 1669 245 1,51 1051 | 0.39 2,20 4o
R 22 11 6 6 11551 1632 113 1,51 | 031 1,42 )

FIGIRE 5.111b{continued) Initial results of physiotherapy patients with
unilateral hand disorders (all units are
Newtons except key and tube which are
Newton-metres)
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PATIENT | SEX giﬁﬁ AGE DISORDER
JB F R 23 RH=tendon & nerve palmar repair
DC F R 58 RH- wrist broken, nerve block; RA
AKC M L 20 LH-distal phalanx,index, chirped
GC 1 R 42 RH- amputation of ring & middle
NH F R 63 RH- elbow synovectomy & extensor
tendon repair; RA
BH F R 50 RH- median nerve release
RH & LH=- carpal tunnel release
NH M R 22 RH- palmar dog bite, tendon repair
AGM F R 59 RH- septic pin site from broken
bone on ulnar side palm
PM F R 51 Ri~ wrist broken & tendon graft
index to thumb
LM M R 46 RH- Dupuytren's contracture, little
DM F R 72 RH- carpal tunnel release; RA
JR F R 48 RH~ MCP joint implants &
synovectomies; RA
AGR M L 23 LH- septic palm
AES F R 46 LH- infection index
LW F R 68 RH- Dupuytren's contracture; OA

FIGURE 5.112. Details of the unilateral hand disorders
of patients attending the physiotherapy

clinic

RA= Rheumatoid Arthritis
OA- Osteoarthritis
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DISCUSSION
6,1, Calibration

Calibration of the device transducers revealed a reasonably
accurate system, The accuracy of the transducers was in the ranage of
-0.7% to 4.0% with a precision of better than AR

Minor inaccuracies in the system will be introduced by the
strain gauaes, electronic circuitry and nrimarilv the analoque to
digital conversion. In the electronic circuitry, losses may be
caused bv any of the circuit elements, for example the switching
relays., However, these will probabhlv be quite small, the
non-linearity of the strain gauge amplifier is quoted at bhetter than
0.1% of the full ranae. The analogue conversion has an inherant
inaccuracy since it is not strictly linear, but sten wise. Each
step heing 40 mV or 0.4% of the full scale amplifier output.

Howrver, the most significant inaccuracy would he due to the
calibration factor. The value inserted in the software is the mean
result of several calibration tests and is, therefore, only an
estimate of the true value. We can calculate limits, around the mean,
bhetween which we have a 95% confidence of finding the true mean, As
indicated in Table 5,1, these limits are within ﬁSOQ% of the mean

calibration factor.

6.2. Handling Experience With The System

Over a period of several months, during subject measurement and
with the system located in the hospital, no major breakdowns were
encountered and no major design revisions were found necessary. The
only revisions were of a continuous software development as operating

experience grew and areas for improvement were identified.
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The collection of power arip, pan and kettle device data was an
early improvement. Initially, the data collection time was fixed at
" four seconds, but as soon as patient measurement was started, this
was quickly recognised as inadequate. Patients with arthritis tend
to be slower in accomplishing tasks than their healthy counterparts.
The data collection was therefore changed from a fixed time,
controlled by the software, to a variable time controlled by the
operator.

The results output was also chanped to reduce the length of the
measurement session., Initially, the maximum results and the
force-time curves were printed out during the session., This was
time consuming and by eliminating the curve printing and compacting
the format down to the minimum number of lines, the ses=ion length
was reduced by about one third (down to approximately thirty minutes).
As all the results were always stored on floppy disc, the full set of
results and force-time curves could easily bhe printed out later when
more time was available.

Operator interaction with the computer was reduced to a minimum
by removing all unnecessary kevhoard overations., Where convenient,
single key responses were included and any unnecessary responses
excluded.

Patient reaction to the system was qood., No patient showed any
apprehension on being introduced to it. Generally, a lot of interest
was shown, especially at being 'connected to' a computer and then
seeing the almost immediate display of their results.

The devices were found to be comfortable with no adverse
reactions. Some discomfort was noted on some device measurements,
which appeared to be caused by the awkwardness of the task or the

feeling of a small amount of pain. This pain was a by-product of
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both the maximum effort exertion required for the test and the
disease progress, rather than being a direct cause of the
measuring device.

The individual finger tasks, pulp pinch and extensor 1lift, were
found to be the most awkward tests to perform, for both healthy
subjects and patients. In pulp pinch the thumb to index finger
pinch was satisfactory, but it became increasingly difficult as the
effort was transferred to the middle, ring and little fingers. The
main problem was in maintaining sinqle fingér measurement, With the
middle, ring and little fingers there was an increasing tendency for
either/or hoth of the adjacent fingers to interfere, bv closing
down on to the finger being measured or onto the pinch platen. If an
individual finger condition could not be accomplished the operator
had to restrain gently the offending finaners, The most probable
explanation for this interference is that anatomically, when flexed,
the fingers simultaneously adduct because of the direction in which
the flexor tendons pull and the anatomical configuration of the
MCP joint.

During pulp pinch measurement, it was observed in both healthy
subjects and patients that the distal interphalangeal joint would
sometimes shift position from flexion to extension. This again was
more obvious with the middle, ring and little fingers. It could
indicate a lack of joint stability under maximum effort with the
joint exhibiting a dynamic change into a more stable configuration.

During extensor force measurement it was necessary to_restrain
gently the thumb and the fingers not being measured. This was not
only to restrain their involuntary extension, but also to reduce the
tendency of subjects to extend the fingers by pivoting or rotating

the ﬁalm on the heel of the hand.
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Involuntary extension of the fingers is due to the
intertendinous connections in the dorsum of the hand, between the
four extensor tendons. The index and little fingers are easier to
extend hecause they each have an extra independent tendon.

A fundamental pro®lem with the extensor force measurement that
became evident was caused by the use of the flat pronated hand,

This not only allowed the subiect to pivot or rotate ahout the heel
of the hand,; but also limited the rance of nossihle extension. 1In
the healthy hand this would orly be hetween five and thirtv degrees
and less in a diseased hand., An jmoroved arrangement would he to
arranane the MCP’ joints at an® of flexion and measure the extension
force as the fingers are extended from this nosjitien.

This mirht al<so make it easier to accommodate natients with
ulnar deviated hands. 1In the current set ur, this was not easy to
do and in one case immossihle (patient J¥ - Rheumatoloqv ward).

Overall, the finner measurements have an associated avkwardness
due to the anatomical construction and functioning of the hand. This
ensures that the fingers are interdenendent, working toqether in a
common action. Only the index finaerr, because of its independent
muscular network, can have independent control.

¥ith the pan and kettle devices, it was not possible to obtain
the right combination of lifting force measurement transducers and
restraining springs. This was because of the wide range in lifting
abilities obtained, Whereas patients with arthritis, being very
wveak, oniy needed a weak restraining srring, healthy subjects
required a much stronger spring to reduce the movement available,
With too oreat a manment the 1ift could not be defined as a true pan
or kettle 1lift. During patient measurement, the twin-rate épring was

generally accentable, except in a couple of situations where the
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kettle 1ift exceeded the transducer maximum of 100N. The

transducers were rated at this value to ensure adequate sensitivity
when measuring patients. However, this arrangement was unsatisfactory
when measuring healthy subjects. For the pan it was only necessary

to install stronner restraining sprinas to limit the lift movement.
For the kettle, however, it was necessary to install hinher rated
transducers as well,

The aim of using restraining sprinas was to anive movement to the
device so that it was a close renresentation of the real thing. For
natients the arrangement was satisfactory. However, for healthy
subjects very high lifting forces were encountered especially in the
kettle }ift (un to armproximately 300N). Ideally, all persors tested
shonld 1ift the device the same amount. To fulfil this condition
would require a feedback system that increased the resistance to
motion in prowortion to the 1ifting force. This would lead to an
unneccessarily complicated hydraulic svstem. A simpler improved
arrangement would utilise a damp pot (Figure 6.1.). For weak
patients, the damping would be small since very little lift would be
involved., For strong patients and subjects the damning resistance
would easily be overcome and the damp pot would reach the limit of
its movement. The 1lift would then be acting on a rigid system with

pivots at either end to accommodate all 1lifting angles.

6.3, Initial Results

Both the results from healthy subjects and patients show clearly
the wide range of forces that the system can accurately measure.
These results confirm the hiach variation that is obtained patient to
patient and subject to subject, making it difficult to consider any

set of results as a norm. Therefore, any commnarisons that are used
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couplings

_ Lifting transducer
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connections
Eﬂ Damp pot
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ST

Rigid base

FIGURE 6.1. An improved arrangement for measuring

the full range of lifting forces
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to assess a persons progress to treatment must be confined to the
previous results of that person. However, in any preliminary
investigation of a new piece of eauipment, comparisons between
various groups must be made in order to assess the equipment's full
canability,

The most obvious difference hetween the healthy subject and
patient results is the clustering of the latter towards zero force.
This is as exnected since patients with arthritis are known to be
weak. The clustering was shown hy the scatter diagrams (Figqures
5.4k, to 5.50.) and skewness results (Figure 5.43.). The scatter
diagrams (Figures 5.2. to 5.8.) and results (Figure 5.9.) of healthy
suhjects indicate no skewness., Therefore, the patients' results do
not form a statistically normal population. This again limits any
statistical comparison between the two populations. The mean of a
set of results is statistically robust, therefore, it can always be
used to compare two qroups. The variance is not robust, therefore,
it cannot be used in statistical comparison,

In comparing a subject or patient to his or her previous results
care must be taken. Tt hns been shown that each subject when
repeatedly measured on a sinqgle device, exhibits a large variation.
The mean coefficients of variation obtained, for all devices, range
from 5.6% to 35.8% (Fiqure 5.16. and 5.17.). The lowest coefficient
heing obtained for the lateral pinch force measurement
(2.9% £ C <€ 7.8%) and the highest for the kettle handle grip at
maximum 1ift (20.00 £ ¢ £ 59.4%). The majority of the devices had
mean coefficients of less than 15%, with their maxima falling
below 20%.

The finger extension forces each had mean coefficients of less

than 10%, with the ring and little fingers exhibiting a greater
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variation than the others,

Of the pulp pinch forces, only the index finger had a mean
coefficient under 10%, the others increasing towards the little
finger. The variation of the fingers was similar though the middle
finger was lower.

As the difficulty in performing these tasks was noted to increase
towards the little finger (paragraph 6.2.) the tendency for increasing
coefficients of variation in the same way is probably due to
performance difficulties rather than any fundamental difference in
the nulp rninch or extension of the fingers.

The functional tasks of pan and kettle 1ifting had the greatest
overall variation, For each task the lifting forces had similar
coefficients (4.8¢ < C £ 20.5%) though the pan lower lifting force
transducer did have a smaller mean coefficient.

Both kettle handle grip forces had extreme coefficients of
variation (14.6% < C £ 63.5%) while the pan handle grip forces were
much lower, but still above average. The mean coefficients for the
pan grin were about 15% with a large variation, 5.8% < C £ 30.3%, the
grip at maximum lift having the widest range.

The extreme variation for kettle handle grip forces is probably
because the forces involved were relatively low (less than 52N -
Figure 5.13.). For the pan handle the grip forces were between 61N
and 282N, Therefore, even if the kettle handle forces exhibited a
similar ahsolute variation about the mecan,; as the pan handle, the
kettle coefficient of variation would still be much higher.

Even though the total power grip had low coefficients
(3.8 < ¢ £ 10.3%) the finger force variation was much higher
(3.8% £ C< 27.0%4). This indicates that while the finqers, operating

together, in a power grip, provide a fairly consistent maximum force,
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the maximum forces produced by individual fingers in the grip are
not consistent.

Again, as with the pan and kettle devices, the relative values
of the forces involved must be considered. The fingers, obviously
having a lower force than the power grip force, would give a higher
coefficient of variation for a similar variance about the mean.

When using the coefficient of variation, care must he taken not
to use the results in isolation. The mean and standard deviation
must be considered as well to aive a proner comnarison hetween
di fferent populations of results. However, with each device, the
resitlts obviously show a significant amount of intra-subject
variation. As the system has heen shown to he accurate, these
variations are most probahly the effect of subject techninue.

Fro~ ohservatinr durina the rerratabilitv trial, it was noticed
that the most ohvious causes to affect techninue appeared to he
muscle fatique and subject motivation. Muscle fatigue was generally
indicated bv the subject nerformina limbering up tvpe exercises
durina the rest nrriod. Tyricallyv, this would involve rarid flexion
and extension of the fingers, or elhow or both. Motivation is more
difficult, becanse unfortunately it is a subjective assessment by
the author based on olservations of the subjects! attitudes and
mannerisms during the trial.

However, no noticeahle reduction was obhserved in the variability
results ohbtained from measurements performed at the same time on two

consecutive days, as opposed to those obtained in one continuous

measurement session.
From this, we conclude that either fatique and motivation are

not a problem or that snlit measurement, while reducing both or one

of these factors, has introduced another factor with a similar or
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areater effect, i.e. a dav to day variation.

To study this new factor would involve single daily
measurements over a fairlv long time scale, and the resnlts compared
for anv dailv or weeklv variation.

Another major source of varjation, especiallv in the pan and
kettle functioral tasks, cornld bhe caused hv the measurement process
itself. Fven thourh it was imnressed on the suhiects, and natients,
to nerform the task as normallv as passirle, the vrrv nature of the
~racrss mikes them ~onsricnslv avare of the taslk thev sare heinn
asked *o Ao, This avarencss ensures that the suhject, or patient,
makes A conscious ~ffrt to ne-form the task as theyv think thev
normally would. Normally, functi-nal tacsks are intnitive, nn
conscious thonaoht hejna reouired for its <iccessfil nerformance,
Thrre is ro mynrooten that the two modee, how thev think thev da and
how they instinctively “o the task, are the <ame,

Repented measurerment would make the subiect even ~ore avare of
the task. They nrobahlv then stnrt alterinag their technioue through
the trial in an 7tfﬂm“t<t0 imnrove themselves hv obtainina a hiaher
force or 'score'. ‘aoain, this is bhas~d on rersonal ohservation. To
reduce this scorino techniaue, suhjects were not allowed to see their
force measurements ('scores') until thev had completed the session,
but reactions such ~= "7 can do hetter next time"” confirm the
comnetitive snirit that =ome subjects gave to the proceedings.

This indicates that multi-performance tasks would be imnroved

s w

hv =sinale measuremerts per dav. However, this would then he
susceptible to the dav to day variation mentioned above. Obviously,
single measurement is preferable in that subjects and patients do not

get an opnortinity to change their technique as the tests proceed. 1In

all our tests the patients were measured onlv once per device per davy,
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though they were given the opprortunity of a single trial to
familiarise themselves with the devices. In this way, intra-
subject variation was, hopefully, kept to a minimum,

Comparing the power grip force-~time curves of healthy subjects
(Figure 5.31.) to those obtained from patients with arthritis
(Figure 5.67.), it can be seen that the healthy subhject finger forces
are much steadier for the duration of the grip. In the patient
curves, the finqger forces can he seen to change substantially
during the qrip.

The percentage contribution of each finger to the power qrip,
of healthy subjects, also shows a more consistent pattern than that
obtained from patients (Figure 5.55b). $he mean values are
approximately equal, but the standard deviations of the healthy
subjects (3.8 to 6.2) are much lower than those from patients
(8.5 to th.b),

From the healthv subject resnlts the middle and ring fingers can
be seen to contribute over 65% (approximately 37% and 20%
respectively) of the maximum power grip. The remainder is split
almost equally between the index and little fingers (approximately
19% and 16% respectively). The middle and ring finaers appear to be
resnonsible for the primary role of providing the grasping force in a
power grip. The role of the index and little fingers is secondary,
but since thev still sunply a significant portion, must be just
as important.

An explanation could be that thev provide a stabilising action,
that resists anv movement of the obhject being held. This movement
being caused by the primary, middle and ring finger, grip force acting
on the ohject'’s shape.

This arrangement anpears contrary to what would be expected. In
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a power qrip, the thumb is primarily in oprosition to the middle and
index fingers. Therefore, it would he exnected for these to provide
the majoritv of the grip force,

Our results agree well with Ohtsuki (1981a), given in
Figure S5.55a, even thouah his device was fundamentally different
from the one used here. His apparatus is discussed in »ar~granh
2.41.2. The armmaratus rrstrained the subiect’'s forearm in a nlaster
cast, in a supinated position, with the finaers attached to their
individual transducers. The finager force heing measured by flexing
the fingers against the transducers. This is an unnatural nosition
and if used to measure poatients, a large numher would find difficulty
in agettinn into it. This is contrarv to ours, as the power arip is a
natural position and is normally used in many dafly activities. and
can be used hv hoth healthy subjects and vatients. The thumh took
no part in Ohtsuki's anparatus, whereas in ours it is an essential
nart of the power arin, forming one 3jaw of the vice, the fingers
heing the other jaw.

In the ran and kettle 1lift, three asnects can be studied:-

a) The relationshin between the unper and lower lifting

force measurement.

b) The relationship between the maximum handle grip forces and the

handle grip forces at maximum lift,

¢c) The relationship hetween the handle arin forces and the maximum

1ift forces,

Examination of the relationship between the upper and lowver
lifting force measurements reveal that, for both the pan and kettle,

the results are highly correlated (coefficients between 0.91 and 0.99)
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with regression slopes of less than 1.0 (lower over upper).

The pan 1ift results of heth patients and healthy subjects had
regression slopes of much less than 1.0 (0.66 to 0.82). From the
1ifting techniques displayed in Figure 5.10., a non-vertical lift and
pan tilt is indicated. Tilting is expected, being a result of the
increasing turning moment aﬁpliod to the hand as the pan is lifted.
why this lift is non-vertical is difficult to answer for healthy
subjects. For patients, it is brought about by the patients tilting
their bodies backwards. This action was confirmed by observation.

As the patients are in pain, they compensate for lack of movement by
tilting their bodies to get the extra lift they require. This then
causes a non-vertical 1ift of the pan.

The kettle 1ift results appear different for hoth groups. The
healthy subject results, with slopes of close to 1.0 (0.96 and 0.97)
indicate a vertical 1ift (Tecﬁniaue 1, Figure 5.10,). However, the
results from patients indicate a similar non-vertical 1lift as seen
with the pan. 7The healthy subject results are as expected, a
vertical 1ift since the handle is directly over the kettle body. The
patients' results are explained in the same wav as the pan 1lift, in
terms of a bhody tilt to compensate for the lack of shoulder movement.

Two basic force-time curves (Fiaure 6.2.) are evident for the pan
lift, one being common to both healthy suhjects and patients, Curve
(b), apparentlv for higher lifting forces, shows the handle grin and
the lifting forces increasina, simultaneously to a maximum. The other
curve (é;; for lower lifting forces, was only found in the patient
results, and shows the handle grip force reaching its maximum prior
to any attemnted 1lift. From these curves, it appears that, in a hinh
1ift situation, subjects or patients alter their handle gripping force

as the 1ift progresses., This is possibly a reaction to the increased
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Force
Time
HEALTHY SUBJECTS
KEY ;-
Handle grip
--~- Lift
Force | Force |

(a) {b)
PATENTS WITH ARTHRITIS

FIGURE 6.2 The basic force-~time curves observed in
the pan 1ift of healthy subjects and in

patients with arthritis
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turning movement imnosed hv the nan hody and restraining sprinos,
The low 1lift natients, hecause they know that thev will have
difficulty in 1ifting, grip the handle as hard as rossihle nrior to
1iftina. This ensures that thev have a qood hold and therefore will
have a relativelyv safe and satisfactory 1ift.

Examination of the relationship between the two handle arin
forces tend to confirm the bhasic curves., The resnlts (Figures 5.63.
and 5.A%.) for patients show a highlv correlated (coefficients of
N, 9% and 7,09} eaualitv hetween the two grir forces. This equality
would ke exnrected in curve (b) as< the arip force increases with the
1ift force and thercfore the raximim arin force and the grip force at
maximum 1ift coincide. For an ecuality to exis<t in curve (a) the
handle arir force rust bhe held constant during the initial nhase of
the nan 1ift.

Since the healthv subjects also have a brasic curve similar to
curve (h), an equalityv would he expected. However, these results
(Fiqure 5.77. and Figure 5.28.) have rearession slones of less than
1.0 (0,90 and 0,74). Thev are more scattered, with correlation
coefficignts nf N,75 and NP2, and they have sionificant intercepts
of HON and 63N, Therefore, there apnears to be a maximum arip force
helow which there would be no handle grip force at maximum pan lift.
Abhove this threshold, the grip relaxes bhetween its maximum and the
1ift maximum hy an amount which decreases slightly with qrip force
(stope <1.0). This threshold could be the minimum handle grip force
required for a pan lift. However, care should be taken in
interpretting this since it is an extrarolation outside the measured
range (Fiqure 5.27. and 5.28.). The results in this extrapolated
region could easily have a different relationship than the other

reqions and curve down to the origin.
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If as stated above the healthy subjects alter their grip to
suit the amount of lift, a relationship would be expected between
these two parameters. However, as can be seen from Figure 5.80a,
no such relationship exists. The only reasonable correlation that
exists is in the pan 1ift results of the patients with arthritis.
Therefore, for healthy subjects it appears that the handle grip
force is independent of the amount of lift. A relaxation of the grip
force is evident during the lift which is possibly due to stress
relaxation of the muscle.

Patients, however, appear to have a pan handle grip force that
is dependent on the 1ift force (Fiqure 5.80a) and which remains
steady during the 1lift. There is also very little difference to be
seen hetween the regression analyses of the two pan handle grip
forces, even when split into male and female groups (Figure 5.80b).
This is as would be expected if the two forces are similar,

For the kettle lift, the same basic force-time curve was
observed in healthy subjects and patients with arthritis (Figure 6.3.).
This consisted of a peak in the kettle handle grip force just as the
kettle 1ift was started. This was followed by reduction, sometimes to
zero force, as the lift attained its maximum. A second peak, lower
than the first, was sometimes seen as the kettle was replaced. The
kettle 1ift generally involved verv little handle grip force,; this
heing lower than the lifting force. This was because the kettle,
when lifted, appeared to be supported on the medial and distal
phalanges in a 'hook grip'. Since the transducer was deliberately
situated on the top of the handle, to ensure that the actual grip
force was measured, the two peaks are probably due to the palm of the
hand resting on the handle prior to and after the kettle 1lift. Very

little relationship would therefore be expected between the two
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KEY:-

Handle grip

Force

FIGURE 6.3, The basic force=time curve observed
in the kettle 1lift of both healthy

subjects and patients with arthritis
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kettle handle qgrip forces.

Examining the kettle results (Figures 5.29., 5.30., 5.65. and
5.66.) shows that even though there appears to be a large degree of
scatter there is a reasonable correlation between the two handle
grip forces (correlation coefficients from 0.78 to 0.88). This
occurs above a maximum grip threshold of bhetween 13,5N and 17.2N
(the regression slope intercepts). Between the two groups, the main
difference is the steeper reqression slope found in the healthy
subject results (1.29 and 1.48, the patient results being 0.93 and
1.05).

It appears, in a kettle lift, that there is a threshold above
which the handle is gripped by the hand, and below which it is just
supported on the fingers. In a kettle lift a threshold could be
accounted for by the reaction to the lift of the restraining springs
i.e. the weight of the kettle. This would force the fingers of the
hand to open and therefore reduce the grin force. Below the
threshold the reaction force is enounh to eliminate all the qgrip
force.

For the patient results, the difference between the two grip
forces appears to he constant throuahout the grip force range, the
regression slope heing close to 1.0. In the healthy subject results,
the difference appears to increase with the grip force (regression
slope 7 1.0). From Figure 5.80a, none of the kettle lifts show any
correlation hetween the handle grip forces and the mean maximum
lifting forces.

Therefore, in a kettle lift the handle is not just supported on
the fingers, but is gripped as well. This arip does not depend on the
amount of lift, but it is reduced during the 1ift. This is possibly

because the weight of the kettle forces the fingers to open slightly.
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In the pan and kettle 1lifts discussed ahove, the scatter
diagrams used clearly have a large dearee of scatter. This scatter
is obviously the result of the inter-subject and inter-patient
variation. However, in some cases a reasonahle correlation was
ohtained, but because of the scatter, this could lead to false
impressions being formed. Therefore, any conclusions that are drawn

must he onlvy used as aquidelires and not as ahsolute rules,

b.te Follow-up Results

These confirm how difficult it is to moritor anv natient
function. \s exnpected, hecause of the larae inter- and intra-
patie-t variation (Fioures 5,71, to 5.%7 ) i+ je not rossihle tn
merae toarther anrvernl ents of resutlts in order to sirrlify anpraisal
of the =svsterm's nerformance. A< in Chanter 5, each natient must he
treaterd =eparatelv. However, with nineteen naotients formina the
core of the follow~un re=nlts, this is not nractical for this
discunssion. Since all the noints of interest have brrn referred to
in the n~revious chanter, we shall confine nurcelves solely to a
discu=ssion of the noints that have relevance to wvhether or not the
svetem is suitahle as a moritor of hand function.

From an overall viewnoint, it is rossible to observe encouraaqging
sians. As shown in varaaranh 5.,2,1, individual device measurements
have quite large variations. Even =0, in =several cases, the
follow-up measurements can bhe seen to follow sianjificant trends.
There are also a number of cases in which the measurements suddenly
deviate from the overall trend. This deviation being areater than any
nossihle expected variation. Therefore, in all probability, the
deviation would be caused by some change in the patient, either

patholoqical or psychological. In most cascs evidence exists of
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similar changes in other device measurements, thereby lending
support to the premise that the deviations are the effect of some
natient chanaqe.

Pathological effrcts could include joint pain and/or s=tiffness,
Psycholonical effects could he derression or just a 'can't be
bothered today' feeling. No studv was nerformed to locate the cause
of any changes, these heing bevond the scope of this project.

The most convenient wav to find out if the svstem is capable of
patient monitorina, wonld be to examine the results of patients
whose treatment would be expected to vield some chanae in natient
performance. The most obvious examples heing pre- and post-operative
or -iniection,

Patirnt CWA (Fiqure 5.106.) was measured pre- and nost-
operativelv, He had the release of the median nerve in the carpel
tunnel performed on bhoth wrists, As expected, there was a temporary
nost-operative decrease in his measurements of power arip, pan and
kettle 1ifting, tube twisting and lateral ninch forces. This decrease
would he due to the usual immediate after effects of surgerv. These
forces recovered in a few davs, almost to their pre-operative level.
I'nfortunately, ro further imrrovement wonld be expected for several
weeks, since a released nerve needs this time to regrow.

Tt was al=o possible to obtain measurements nrior to and after
shoulder intra-articular injections in four natients (GFL, EF, JW and
FNC, Fioures 5.96., 5.102., 5.103, and 5.107.). Of these, two (EF and
FNC) showed no significant chances while GEL and J¥W hoth ha@
relatively large increases in their kettle lifting forces, with
lesser effects noticeable in the power grip, lateral ninch and tube
twisting force measurements. A large improvement in kettle lifting

force would be expected, since a kettle is generally lifted by
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pivotina the arm about the shoulder. Anyv reduction in joint pain,
because of the anti-inflammatory action of the steroid, would extend
the ranqe of motion of the s»oulder leading to a areater amount of
lift., This is hecause, in aeneral, kettle 1iftina does not involve

a strong qrin forece, just a suprnorting action. Therefore, anv
imnrovement in the shoulder joint ranae mrans an increase in the hand
movement, and as long as the patient is capable of making and
maintaining a 'hook arip', an increase in lifting force.

Secondarv imnrovement in other measurements wnuld also be
expected, since it is imnoszible to ensure that all the injected
material stays in the =selected joint. There would he a small
svatemic leakage which could he heneficial to other inints. This
leakaqge is confirmed by the measurements of PMB (Fiaure 5.100.),

She had an intra-articular steroid iniection to the knees and her
force measurements (nower nrip, kettle 1ift, lateral pinch and tube
twist) indicated a subsequent aeneral improvement.

From the ahove it anpears that the kettle 1ift, power orip,
pan 1ift, lateral pinch and tube twisting force measurements are the
most sensitive to changes in patient performance. They have shown
varving deqrees of chanane in situations where change was eXpected.
The remainder, nulp ninch, extension and kev twist force measurements
failed to show any sianificant chanqges during the peroid of study.
The individual finger,; pulp pinch and extension measurements have a
large variation with no particular trend, appearing to vary about a
steadv value. Owing to the method used; it would not be expected for
the extension to show much change. This is becuase the hand is fixed
in a limited movement position. If the hand were fixed with the MCP
joints flexed to ninety degrees; so that a large degree of extension

was possible and therefore plentv of room for improvement, a
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different nicture from above might appear,

Several small changes were obtained in the key torque
measurements, hut again no consistent trend was obhserved. However,
a large imnrovement in hand function would be needed to show a key
torque increase bechuse the moment arm of the kev, its diameter, is
verv small, A tvpical aid for patients with arthritis is a
modification to a kev that increases its moment arm, so as to
amnlifv the small twistinn torque that thev can apnlvy.

From all the rnatient results the devices that appeared to be
the most sensitive in indicatinag consistent chanae in patient
ner formance, as ovnosed Just to variability changes, were the nower
erin, nr and ketrle. 1ateral =inch and tube twist devicers,

From the drun trial stndv we were civen the oprortunity to
comrare mir eveterm to o typical drun assessment procedure. The
coertents of such an assessment wonld he exrrcted to be well
researched and te he ahle to reflect accurately the druas' efficacy
of trentrert by monitorirag the dicerse acrtivitv of the natient, \s
detailed in Chanter i, the s¢nlv ecnnsisted of a clinical ~xamination
and immuniolonical and biochemical analvses of the patients' blood.
The most relevant narts of the study, which were used as the
indicators nof disease activitv were the Ritchie Articular index,
nlasma viscositv, arip oreszure, PIP joint circumference measurement
and rain and ageneral health visual analoque scales, The plasma
viscosity was the onlv nuantitative measurement used, all the others
wore, at hest, only semi-quantitative., The articular index and
visual analoaque scales were nurelv subjective. The former relied
heavily on the clinician, who had to apnly the same physical pressure

to each joint, and to recoanise the severity of the patients'

reactions,
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On inspection of the drua trial results (Figures 5.02., 5.84,,
5.86., 5.88., 5.90, and 5.02.) they all appear to follow similar
tronds to each other. In most cases the articular index was too low
for any imnrovement to be significant. Though in three cases
(LAO, AHD and ES) improvement was noticeable, hut because their
initial indices were hinher than those of the other patients. Over
the reriod of the studv, the visual analogue scales showed little
chanae, thounh thev did vary from measurement to measurement. The
PIP joint measurement also failed to show anv significant change,
thouagh with the method used, onlv larqge chanqges would be noticeable.

Direct comparison hetween hoth sets of results was not rossible,
excent hetween the grip nressure and nower qrip measurements. These
all have similar trends excent DFE, where no comrarison was nossible
because his ¢rip pressure exceeded the maximum of the nressure
recordina dial qgauge., This is an imnortant limitation of the use of
an inflated cuff to assess arin strenqgth. The inflated cuff is
widelv used in assessing the progress of rheumatoid disease.
However, in the earlyv stages of the disease, many patients would te
able to exceed the dial gauqge limit. Therefore; an imnortant aspect
of their function cannot he monitored at an important stage of the
disease pronress. In our svstem, the power qrip device fills this
important gan and, simultaneouslv, provides additional information on
the finaer condition,

Generally,; both sets of results were similar. Visible trends
were not consistent within the measuring devices of a set, that is,
hoth sets of results consisted of a mixture of agreeable aéd
contradictory results. Also, all the devices, in each set, provided
very variable results,

Overall, it appeared that the drug trial study results supported




those obtained from our stﬁdy; That is the areas of agreement were
more numerous than areas of contradiction; However, since we were
only c&mparing six sets of results, we can not expect to obtain a
cﬁmplete picture. As a preliminary investigation it does, however,
provide evidence that.chaﬁges in patient performance registered on
our systém are related to changes in djsease actiQity as monitored
by fhe drug £ria] assessment;

Further evidence that the system is capable of monitoring
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change can bhe found in the results of patients from the Physiotherapy

clinic. Heré,‘especially in patients with unilateral hand disorders
the results (Finure 5.111.) show a clear differentiation hetween the
hands. This is over a wide rance of forces and for all the

devices used,

The affected hand results are lower than the opnosing hand. on
all dévices° Even in patients where bilateral weakness was already
evident, the most recent complication has further exacerbated their
problem, AKC is an example of the system showing up more specific
effectsuof an injurv. He had a chipred distal phalanx in his left
index finger. His léft handed nower grip was much reduced with the
ma jor contribution now coming from the ring and little fingers. The
'index pulp pinch and key twist forces were also reduced while no
change was apparent in his other results,

Most of the other unilaterally affected patients had suffered
ma jor trauma and much lower results with all devices would be
expected. Of the patients that had bilateral disorders, most were
weak in both hands, thouah some differentiation could be seen., For
example, JA and JF have weaker left hands and VS has a weaker right

hand, indicated on all devices. No specific reason is obvious why

9

there should be this differentiation. It is probable that it is just
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another manifestation of the disease process,

Some differentiation between left and right hand forces would
always be expected. As mentioned in Chapter 2, one hand can be
shown to be weaker than the other, Also, no specific relationship
can be used to define what forces would be expected from one hand,
based on the opposite hand results. However, in unilateral disorders
equality hetween each hand could be used, in the first instance, as a
rule of thumb guide to assess any localised disorder. It could also
be used to indicate a reasonable level that an injured hand should be
able to heal to.

Of the patients that had any reasonable follow up, only two
(AGM and AGR) would he expected to show short term improvement. AGR
clearlv showed continued improvement with his left hand, his opposite
hand remaining relatively steadv. AGM showed right hand improvement
in the lifting tasks (left hand also) and tube twist tasks. Her
other results indicated very little. The other patients would not
be expected to improve greatly, two having arthritis, one a tendon
and nerve repair and the other a qeneralised loss of hand function.
However, none indicates any deterioration of their hands though FB

does indicate slight improvement.
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CHAPTER 7

CONCLUSTON
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CONCLUSION

This study has resulted in the development of a microcomputer
controlled hand assessment system. The system connects together a
blend of everyday activities and strength tasks through a
microcomputer which performs all the necessary electronic switching
and data-handling. The everyday activities are pan and kettle
lifting and key turning while the étrength tasks are power grip,
individual finger qrip, pulp pinch, extension and tube twist. The
system was developed with user friendly instructions to enable easy
operation by non-technical staff with minimum training. In the
clinical environment the system proved robust and reliable and most
of the devices were found to he capable of accurately measuring the
full range of forces encountered in a human population.

As a preliminary investigation into the system's capability of
monitoring change in patient performance, several patients were
tested over a period of several months. The initial results showed
the wide variation that needs to be measured and the weakness of
patients with rheumatoid arthritis. The follow up results from each
device were found to follow the same general trends. VWhen used
alongside a typical clinical assessment, which was highly subjective
compared with our system, both gave similar overall results. This
indicates that the system developed was no worse than the current
assessments in use,

Further evidence that the system was capable of detecting changes
in patient performance was obtained from the results of pafients pre-
and post-injection and pre- and post-operatively. The results from
patients with unilateral hand disorders also showed the same
capability. These results revealed not only substantial differences

between each hand, but also indicated more specific finger differences.
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A more thorough study was possible of the power grip and the pan
and kettle lifts. TIn power grip, even though patients with arthritis
were, on average, much weaker, they retained the same average finaer
contribution to nower grip. However, the patients' results did have
a larger overall variation, the results of healthy subjects being
more consistent and stable.

In the pan and kettle lifts if was possible to investigate the
different techniques of lifting. In the pan 1ift the handle arin
force was greater than the lifting force. When lifting, the patients
appear to aqrip the handle, maintaining a constant aqrip throughout the
1ift until the nan is replaced. The handle grip also apnears to bhe
proportioral to the lifting force. However, for healthv subhijects
this relationshin does not appear to hold. 1In hoth groups, the pan,
as expected, apnears to he lifted in a non-vertical direction, with
the handle tilted away from the horizontal.

The kettle techniques were similar for both aroups except that
the natients 1ifted non-vertically while healthvy subjects lifted
verticallv, The results confirmed that the handle is positively
gripped durina a 1ift and does not just rest on the medial and
distal phalanges.

The above findings were bhased on a studv using the results
collected from many patients and healthy subjects. However, one of
the higgest advantages of this system, since it is quantitative, is
that it qgives clinicians and therapists the abilitv to monitor
individual patients accurately. Even though the results did show the
well correlated trends indicated, they alsn showed the large
inter-subject/patient variation present. This makes it difficult to
define a normal technique that should he utilised by a patient. The

pan and kettle devices could be used, however, to demonstrate to a




335

patient how to alter their technique to improve their functional
capability of these tasks.

This assessment system, since it provides an obhjective
measurement capable of moniteoring individual patients, would enable
the clinician or therapist to gain valuable information. The
combination of measurement devices would give information on the
hand condition not readily availahle by other methods. Using this
extra information the optimum treatment can be formulated or the

treatment modified to correct any detrimental effects.

7.1. Suggestions For Future Work

Prior to any further work with the svstem, the pan and kettle
lifting transducer should be modified to ensure that it is capable
of measuring the full range of expected forces. Similarly, the
extension force measurement procedure should he modified so that at
the measurement position a large range of extension is possible.

The subject of this thesis should be continued and extended to
provide a complete evaluation of the short and long term patient
monitoring capability, of each device, attached to the system. This
would involve monitoring a large number of patients with rheumatoid
arthritis etc. The patients will be havina either drug or surgical
treatment or phvsical therapv.

Fundamental knowledge of the hand could be extended by using
specific devices of the system., Circadian rhythm of the gripping
forces could he evaluated as could the day to day variation. The
former would involve both patients and healthy subjects while only
healthy subjects would be required for the latter. Finger
contribution to power grip and lifting techniques could be further

evaluated to see how they alter under different conditions. For
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example, the effect of object shape on finger contribution could be
assessed. The system might also prove useful in demonstrating the
usefulness of various therapeutic techniques.

Primarily, this thesis has been concerned with the development
of a microcomputer controlled quantitative hand assessment system.
After a preliminary investigation, it has been shown to be reliable
and robust in use, and to be capable of detecting changes in

patient performance.
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7.2. Achievements and future work

The development of a hand assessment system for use in the
clinical environment has been described. The system, an extension
of previous assessments and ideas, contains a comprehensive blend
of strength ( total grip, finger grip, pulp pinch, lateral pinch and
finger extension force ) measurement and simulated functional measurement
( pan lift, kettle lift, key twist and cloth wringing out tasks).

Initial results from healthy subjects and patients with arthritis
have shown that the system gives accurate and reproducible results,
that it is simple to operate, that it is robust and reliable, that
it can be used over a wide range of measurement and that it is
acceptable both to subjects and patients.

Therefore, this system, for the first time gives to rehabilitation
medicine a quantifiable approach to hand assessment. Linking the
elements of the system to a microcomputer substantially reduces the
component of subjectivity due to observer variation, though the
patient variation is obviously still present.

In designing the functional simulations some compromise was
essential, especially in the pan and kettle lifts. Greater accuracy
would have resulted if the pan body had been rigidly fixed to the
transducer, thereby controlling any angular variation. However, to
ensure that the simulations were as close as possible to reality,
so that patients perception of the task was not diminished, it was
considered desirable to incorporate a spring so that on lifting, the
pan and kettle would move under the infuence of the applied lifting
forces.

Using the microcomputer ensured that operation of the equipment

was kept simple. The control of the devices was automatic, as was the
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data collection, calculation of results and their display. The only
interactions required by the operator were simple choices or yes or
no decisions ( eg. i, Which device is required? and ii, Is data to
be stored? ). The software was written so that simple step by step
instructions were presented to the operator. In this way therapists
found that they could successfully use the system without extensive
training.

The robustness and reliabilify of the system was demonstrated
during the initial trials with healthy subjects and patients with
arthritis. These results showed that the systems capability extended
over the complete range from healthy subjects to patients. This
feature is, again, something that has not been readily available in
both strength and functional activities before.

Since the quantitative value of the system has been confirmed,
variations seen in the single patient monitoring study can confidently
been seen as real changes and not just changes related to errors in
the equipment ( ie. they are changes in the patient performance).
The patient monitoring, reported here, obviously requires further
study to evaluate more thoroughly the cause of the variations since
the present study was aimed at evaluating the instrument and not the
treatment.

The results of the total grip and finger grip measurements
revgaled an interesting distribution of the contributions each
finger makes to the total grip force. It was found that the middle and
ring fingers gave the major contribution to power grip ( 37% and 29%
respectively ) while the index and little fingers were significantly
lower ( 19% and 16% respectively ). This confirmed similar work by
Ohtsuki(1981a) though it is contrary to the popular belief that the

major contribution comes from the middle and ring fingers. Further
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study is therefore warranted to investigate this observation in
both subjects and patients and to investigate the effect on the
distribution of different conditions ( eg. object shape ).

Measurements obtained from this system could be used as input
to biomechanical analyses of the hand. These would be investigating
the distribution of forces through the tendons or the forces
encountered in joints. These results would give a greater confidence
in the design of endo-prostheses.

As a preliminary study has now been performed with a quantitative
system it would be possible to use it as an assessment standard.
Against this the subjective assessments typically used by therapists,
as well as therapeutiq techniques, could be evaluated. If the
assessments do not correlate with this standard, their value must

be considered to be limited.
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MAXIMUM GRIP PRESSURE OF THE HEALTHY HAND

Ai.1, Introduction

A preliminary study was performed to evaluate the use of the
inflated cuff in the assessment of grip strength. It was decided
to assess three methods of measuring the pressure change using:-

1 a mercury column

2 a dial gauge from a proprietry grip tester

3 a pressure transducer
fFinally the pressure transducer was used to study the effect of cuff
size on maximum grip pressure.

The subjects that participated in the study were all volunteers
from within the university department. There were thirteen males,
from nineteen to fifty three years of age, and five females, from
twenty to thirty seven years of age. They were measured seated, with
their forearms horizontal, resting on the chair arms. They held an
inflated cuff as comfortably as possible in their hands. On a vocal
signal they gripped the bag as hard and as fast as possible, without
moving their forearms off the chair arm. The grip was held for a few
seconds and relaxed on another vocal signal. Each grip was repeated
with alternate hands with a one minute rest period between grips.
Three grips were obtained from each hand for each cuff size; the
maximum grip pressure being their mean. There was a five minute rest
period between different cuff sizes,

The rubber cuffs used were courtesy of Leyland Medical, Preston.
Three sizes of cuff, Table Al1.1., were chosen to give a good range of
inflated diameters, without resorting to folding and rolling the
cuff, The cuffs were covered in cotton material to give a
comfortable surface for holdiﬁg and to stop the rubber from

stretching when gripped. If unconstrained, the cuff would tend to
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INFLATED

WIDTH LENGTH DIAMETER
(mm) (mm) (mm)
57 108 36
85 200 54
120 277 76

TABLE A1.1. Details of the cuffs used

Inflated diameter = (2 x width)/PI
where PI = 3,14159




340,

balloon out in the ungripped areas. Prior to use, the cuffs were

inflated to a pressure of 20 mm of mercury.
A1.2. Results

The mercury column was found to be unsatisfactory since it was
susceptable to jerking movements of the fingers. Even at maximum
grip, a sudden extra effort on one finger could result in a large
rressure change. The inertia of the mercury wes also a problem.
Il.orae amnlitude oscillations were always rresent whenever there was
a pressure chance. These took a long time (several seconds) to
achieve a steady state. The oscillations also made it impossibhle to
use a tell-tale since the maxXimum nressure recorded would not be the
steadv state condition,

The dial gauge only covered a 20 to 300 mm of mercury range,
which was not adequate for healthv subiect measurement. No tell-tale
indicator was included to r~cord the maximum reading, therefore the
observer had to note the maximum as it haprened,

The pressure transducer was satisfactory as its output could be
recorded directly, against time, on a XYt recorder. Therefore, a
pressure-time curve of the complete gripping cycle was obtained with
very little information loss.

During the cuff diameter study, the subjects were all asked for
their comments. Generally, they agreed that the cuffs were
comfortable, but using the larger two bags, at maximum grip, was
painful. This was because the skin on the fingertips was pinched
between the finger nails and the cuff as the fingers indented the
cuff. The female subjects also found the largest cuff to be bulky,
¥With the smallest cuff, several subjects were able to make contact

between their fingertips and palm. This was because the inflated
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cuff provided very little resistance and the fingers could fully
flex, Typical pressure-time curves obtained as shown in Figure A1.1,

The results obtained, cuff diameter against maximum grip
pressure, for male and female, left and riqght hands, are given in
Figqures A1.2, to A1.5. Table A1.2, gives the details of the
measurements obtained. The maximum grip pressures have a large
inter-cuff variation with the smaller cuff having the largest. This
can easily be seen in the Figures and is indicated by the
standard deviations.

Table A1.3. shows the student t-test comparison between the
maximum arip pressure means for each cuff diameter. The results show
that the maximum grip pressures are statistically different, at the
% 5% level, between cuff diameters. There was one exception, the left
hand results of males between the small and middle cuff.

Table A1.)i. gives the results of a t and F-test comparison
between the left and right hand maximum grip pressures., These show
that, at the 5% level of significance, there was no difference
between either hands maximum grip pressure.,

A comparison between the male and female maximum grip pressures
is given in Table A1.5, In all cases, except for the measurements of
the left hand on the smaller cuff, there was significant difference

between the maximal grip pressures of male and female subjects,

A1,3. Discussion

Primarily, this study indicated that the use of mercury columns
and dial gauges was inadequate as quantitative grip pressu;e measuring
devices, Both were difficult to read. The mercury column oscillated
at every pressure change, therefore hiding the maximum pressure. It

was also susceptable to any sudden finger muscle contraction. The




Pressure

Palmar contact

i

Time

—= —e - R

TAime Time
{b) (c)

FIGURE A1.1 Typical pressure-time curves

*2He



GRIP PRESSURE (mm Hg)

8007

7007

600

5001

400 1

300

200+

100-]

I Mean #1 Standard deviation

FIGURE A1.2,.

L) i

36 54

CUFF DIAMETER (mm)

Maximum grip pressures of male subjects using the left hand

°CHe



GRIP PRESSURE (mm Hg)

8007

7007

6007

Mean *1 Standard deviation

5007

400+

300

2007

1001

T T T

0 36 54 16

CUFF DIAMETER (mm)
FIGURE A1.3. Maximum grip pressures of male subjects using the right hand

e




GRIP PRESSURE (mm Hg)

8007

7004

600

5001

4001

3007

2007

1001

Mean %1 Standard deviation

T T T

0 36 54 76
CUFF DIAMETER ( mm )

FIGURE A1.4. Maximum grip pressures of female subjects using the left hand

°Ghe



GRIP PRESSURE (mm Hg)

800}

7007

600

500

400+

3001

2007

1007

% Mean *1 Standard deviation

T T '

36 54 76

CUFF DIAMETER {(mm)
FIGURE A1.5. Maximum grip pressures of female subjects using the right hand

“9he



e e Bl e s
(mm) (mm.Hg)

MALE 36 L |13 485 159

R |13 527 13

54 L |13 437 72

R |13 445 60

76 L |13 273 61

R |13 282 60

FEMALE 36 L 5 430 84

R 5 436 S

Sh L 5 309 52

R 5 327 43

76 L 5 138 12

R 5 151 27

TABLE A1.2.

Details of the maximum grip
obtained from each cuff

n - number of subjects
MMP - mean maximal pressure
S - standard deviation

pressures

347.
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CUFF Sk 76
DIAMETER L R| L R
(mm)
SEX
MALE 26 1.8 - |[7.8 -
- 3,5 - 10.6
sk - - 0.9 -
- - - 11,9
FEMALE 36 4.8 - hH3.4h -
- 6.2 17.8
54 - - 2.3 -
- - - 12.9

TAB.E A1.3:

Details of the t-test comparison

between cuff diameter

At the

% level of significance

t = 2.2 (male) and 2.8 (female)




CUFF t f
SEX DIAMETER | FACTOR | FACTOR
(mm)
MALE 36 1.3 1.9
(n=13)
5l 0.6 1.4
76 0.7 1.0
FEMALE 26 0.2 2.4
(n:s)f
sk 1.0 1.5
76 1.7 5.0

TABLE A1.L4.

Details of the t-test and f-test
comparison between left and right
hands.

At the 5% level of significance,
t = 2.2 (male) and 2.8 (female)
f = 2.7 (male) and 6.4 (female)
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HAND CUFF t
USED DIAIETEE FACTOR
(mm)
LEFT 36 1.3
54 6.2
76 8.5
RIGHT 36 2.6
54 6.9
76 7.9

TABLE A1.5:

At the 5% level of significance,

Details of the t-test comparison
between male and female.

t = 2.1

3500
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The dial gauge had an inadequate range for healthy subject
measurement and probably for a large proportion of patients with
arthritis. It too was difficult to read the maximum pressure,
relying on the observer to read the value directly.

The transducer system was superior because the pressure was
recorded for the complete gripping cycle, therefore the maximum
pressure could easily be measured from the recording, and any
untynical responses could readily be seen e.g. impulses due to
sudden finger contraction.

Using the transducer system it was found that the grip
pressure depends on the cuff size, the pressure reducing with
increasing cuff size. This would be exnected since the larger the
cuff, at equal pressures, the larger the force per unit area that is
acting on the cuff's surface to inflate it. Therefore, the hand
needs to supply a larger force to compress the cuff to nrovide the
same pressure change i.e, using the same pressure, the cuff is more
difficult to squeeze, the larger it is. Therefore, if the cuff is to
be used, it is essential that its surface area is constant for all
comparitive measurements,

It must also be remembered that the cuff is not a quantitative
measure of grip strength. It does not measure the applied force, but
the pressure chance brouaht abhout by squeezing the cuff.

Jt was also shown that there was no significant difference
between left and right hand measurements for both sexes using all
cuff sizes. And that male and female maximum pressures were
significantly different on all bhut the left hand grip of the

smallest cuff.
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D109 INTERFACE CARD
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D109 INTERFACE CARD

A3.1. Description

The D109 interface card which slotted into a rear terminal
connection of the Apple TI microcomputer, enabled the transfer of
information from external devices. The card consisted of thirty two,
four 8-bit ports, bidirectional lines i.e. each line could act as
either an input or output of information. The card had eight control
lines which could either accept or transmit instructional signals or
they could be used to provide a handshake facility with the external
devices. A read handshake facility is where a 'Data Ready' signal is
transmitted by the external device and a 'Data Taken' signal is
transmitted by D109 to the device after the data has been collected.
When used the control lines cause an interrupt signal which was
recoanised by the computer. The card also provided timers which were
used to cause interrupts of fixed duration either continuously or as
a single pulse. 1In one mode the timers could provide a square wave

output, on a data line, of a pulse length defined by the timers.

A3.2, Initialisation

Prior to use the D109 had to be initialised to define its
operational modes. This was accomplished via the software by giving
the 8-bit registers on the card a certain value between O and 255,

For example the ADC provided an 8-bit input to the computer. A
register had to be defined as an input by assigning 255 (all bits set
at 5V, TTL logic 1 (high)) to an accompanying register called the data
direction register (DDR). If a register was required as an output the
DDR was coded with O, all bits low. All the registers used in this

project are listed in Table A3.1., together with their function.
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ASSIGNED
REGISTER NAME VALUE FUNCTION
0 INPUT/OQUTPUT - KEY MULTIPLEXER SWITCHING
1 INPUT/QUTPUT ADC OUTPUT
2 DDR 255 ASSIGNS R1 AS OUTPUT
3 DDR 0 ASSIGNS RO AS INWPUT
13 INTERRUPT - INTERRUPT TEST EOC
14 INTERRUPT ENABLE 129 PREPARES EOC INTERRUPT
16 INPUT/OUTPUT - CONDITIONER UNIT
SWITCHING AND
17 INPUT/OUTPUT - SC PULSE
18 DDR 255 ASSIGNS R16 AS OUTPUT
19 DDR 255 ASSIGNS R17 AS OUTPUT
20 LSB COUNTER 1 SC PULSE
21 MSB CCUNTER 0 DEFINITION
27 AUXILLARY 128 SETS TIMER MODE
30 INTERRUPT ENABLE 192 PREPARES TIMER INTERRUPT
TABLE A3.1: Details of the registeres used on the D109
DDR - data direction register
EOC - end of conversion
SC - start conversion
LSB -~ least significant byte
MSB - most significant byte




Of the four ports onlv one was used as an input, register 1.
Registers 0, 16 and 17 were set as outputs and used to control the
svstem. To operate, the ADC first had to receive a 500 ns neqgative
TTI. pulse to initiate the conversion rrocess, a 'Start Conversion'
(SC) pulse. This SC pulse was defined using registers 20 and 21 and
output on data line number 31. The $C pulse was 978 ns long which
meant reqgister 20 was set at 1 and register 21 was set at 0.

When the conversion process was comnleted the ADC transmitted an
'fnd of Conversion' (EOC) signal, The EOC outnut line goes high,
which was sensed bv control line 1 (CL1)}., When the EOC was detected,
the ANDC output was latched to register 1 which could he read directly
using the software. Once read, another SC pulse was transmitted,
sendina the '0C line low and restarting the conversion process.

The other reaisters were all used to transmit logic signals to
the various electronic units. Reqaister 0O used four lines (bits O
to 3) to switch the key unit bridges, three lines (bits & to 6} to
select the multiplexer input. Rit 7 was used to control the up/down
position of the recording pen, on the flathed XYt recorder, when using
the finger arthrograph. Register 17 (bits O to 7) and register 16
{bits 0 to 2) were used for bridge selection of the 10-channel

conditioning unit., Figure A3.1. shows a schematic diagram of the

D109 connections.
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APPENDIX 4

FLOWCHART OF CONTROILING SOFTWARE
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APPENDIX 5

CONTROLLING SOFTWARE LISTING
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APPTNDIX 8

PRINT-OUT OF PATIENTS® RESULTS




EXTRACT
RECORD MUMBER--

OATE 0OF BIRTH = AGE =

DOMIHANT HAND = HAMD
SPAH L

T-HEIS = 8 TO 258 M IM 25 H STEPS AND x-AXIS

* TEST
OHTE UF TES

C =t
SRIP DATR:-

EXTRACT

SECORD NUMBER-—-

t-AxIs =8 TO 3

-

c
I

386.

25/895-83
MONTHS

M UHIT STEPS

308,497

“H1534448—-6—MR U EVERITT HAND UIRED =
SPAHM USED =
B M IH S8 H STEPS RND X-AXIS = @ TD
s F
P
-
.t

IUM— ;H [ 4
GRIP DATR:-
§HDEX

A

DUSIR: VIR L
PR BN B R RN

i
7
:
7
K

&
K3 U S

L

+

IM UNIT STEPS

2 4.35 #F=43.58N @ 4.055 +

LITTLE
5]

1.13
13,03
34.38
I7 41

231.492

200,
EAE]
70,08t

a

15



EXTRACT FAN HAHOLE TEST
. R N 387.
RECURD NUMBER--»A154449-5-MR O EVERITT HRND USED = L
Y-EX1S = @ T 125 M 1M 25 N STEFS AND X-A<IS = @ TO 4 SECS IN UNIT STEFS
N [l
!
| —hffm\\\
? ™
! !
i / N \
] LN
L } Y
/ TN
A \
/ \
it
r
“HH = 2,745 #L0W =93,4FH & 3263 *
GRIP i
LOHER HOUNT
o
]
o
|
EXTREST FHN HRNOLE TEST

RECORD MUMBER--:»R154448—5-HR D EVERITT HRAND USED = R

Y-H<IS = @ TO 175 N IN 25 N STEPS HND X-RAXIS = o TG 4 SECS IM UNIT STEPS
[

N\

FRE =178, 488 8 2.7V35 #=L0OW =58.11H4 @ 2,335 +UPP =85.03N & 2.855 *
GRIF DATA: -

LOHER MOURT UPPER HOUNT
5} @
5] t.
<. 9.°
27 4
el 3 52
142.449 3 54,38
199,13 : £1.4%5
155, 2 S3.4
161,55 B1.@47
189,31 51.45
164,12 6z2.3¢
163,21 84,12
BR, A2
64,12
E1.23
535.73
23,28




EMTRALCT FETTLE HAMODLE TEZST

388,

FECURD MUMBER--:H1S59449-6-MR D EVERITT H3HD UZED = R

o

THEIS = 0 TO 98 M OIN 18 N STEPS AND %-RXIS = @ TG 9 SECS IM UHIT STEPS

P

1
R
TR

lf !; ‘\‘

N
S \
/A

R e e
-

LOH =54, 034 @ 2,195 #UPP =35.26M @ 3,223 SKET =60@.34N B 2,535 +
GRIF DATA: -
LQHER MOUNT UPPER HOUNT KETTLE HANOLE

[
o
o

E=TRAECT KETTLE HANDLE TEST

RECORD HUMBER--R154440-5-MR D EMERITT HAND USED = L
4

Y-HRIS = &0 TG 188 H Id 18 N STEPS AND X-AXIZ = & TO

LOH =E7.ZE8H # 32,143 *+UPP » #HET =44.85N 2 345 %
GRIF OATA: -

LOMER MOUNT

Q

o]

3

N
r)




EXTRRCT CORRSE PULF PIMCH TEST

RECORD MWUMBER--:H154448—S-MR O EVERITT HAMD 1SED = L

-AxIS = 6 TO 59 N IN 16 M STEPS AND <-A<IS = @ TO 9 SECS IM UNWIT STEPS

—T

T

[F= 41.87H =MF= Z2.23H *RP= 13.94N »LF= 27V.73H *
GRIF

Iz.a3 0 33.¢ 33.33 3 31,67
31,67 41, 41,67 7 d1LET
32.33 33 33.89 1 38,11
[ 13, 13,494 7 1B.ET
13,44 13. 13,44 3 13,34
16,67 1B ET 16,67 S 13.239
13,44 13. 494 19,44 2 22

16.E7 1E.E7 168,67 7 1B.ET
18,67 168.67 1R.67 7 1B.B7
1E.E7 1B.E7 16 &7 7 16,67
3] i 2 222z
25 2 2

2% 19,44

COARSE PULE PIMCH TEZT
RECORD HUMBER-~:H194448-5-MR D EVERITT HHND USED = R

Y-AXIS = 8 TO 4@ M IN 18 N STEPS RAND X-R<IS = @ TO 9 SECS IM UNIT STEPS
r

|

i

i

e e

=g

iF= 35, 11H *HF= 2

23.22M =

GRIP ORATH: -
Z3.56 38,58 3,568 33,33
2 ) 22 Zh.11
3 38,11 38,11
= .44 13,49
19.¢ .44 19.44
19, 9.44 19.49
13. 2.22 1B.B7
7. 7.8 27.78
25 25 22,22
=2, =] 25
3 < 2D
l

389.
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EXTRACT EATEWZ0R LIFT TEST
RECORD NUMBER--XR154449—8-MR D EVERITT HAMD USED = R
Y-AYIS = @ TO 7 H 1IN 1 N STEPS AND W-H4IS = & TO 9 SECS IN UNIT STEPS
[
| o
! |
L
| !
:~ !
i {
1
1
i
H
|
|
A

B

IF= 3.3W *HF= B.4M *RF= 3.01H #LF= 4,524 *

2 5 32 a2
= 5] 1] 11

ol e [

[N )
—

(i I AR TS § £
— e o) e b [0

R R RS N O]

[RN% 4

.

a0

(AN
‘

v T

R A
O B o) Gad ot T 0% T O (e G Cof [

g AL N A

B SO
Vol e )
Tl 0
RN
i 40

~Gon

EXTEMZOR LIFT TEST

RECORD HUMBER--:H154448-6-MR D EVERITT HANWD USED = L

)

-

P-AAIS = 8 TOO T W OIN 1 H STEPS AND W-A<IS = @ TO 9 SECS IM UNIT STEFS

.

;

e e e e s e e e

IF= S.2TH +WF= 4.50M
GRIP DATH: -~
4.9 3. 5,03 5. s.93  5.03
s 5 5 S.83 5. <. a8
x5 5, &2 $.27  5.8%  5.93
x5 @ E.4 .4 .59
T E 5.37 & £.97  5.97 .97
W7 E.97 £.37 B £.97  E.97  EB.72
B.%7  B.73 B.73 B E E.4 4.33 @
& 339 .52 LT TP ZPF 3. .48
3.5 .95 3.95 4.14 4,14 4,14 4.14 4,14
419 414 4.14 4,14 4,33 4,14 4,33 4,33
4,33 4.33 2.66 @ r .33 3. 3.33
2,58 335 ZLIT L .33 3.5% .98
3,35 3.95 2,35 32 3.95 4.14  3.95
3,95 4.14 4.52 49 .85 @ a
9 o
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EXTRRCT CORRSE LATERAL PIHCH TEST
SECORD MUMBER--:A154443—8-MR O EVERITT HRHMD USED = R

-~

~A¥IS = @ TO 108 N IN 18 N STEPS AND X-A-IS = © TO S SECS IN UNIT STEFS

——

/ ’:
|
|
|

MASIMUY = 94,34 HEWTOHS @

0O

b

EXTRACT COARSE LATERAL PINCH TEST
RECORD NUMBER——>R154448-5-MR Q EUERITT HAND USED = L

|
o
*
w

"
15

A TO 86 N OIN 18 M STEPS AND H-AXIS =8 T0 S

A

ECS IH

=

UHIT STEFS

T e £ e e e Sy STy e o
e

L

COARSE LATERAL PIMCH MAXIMUM = 72,322 HEMTOMS & 2.93 SECONDS
GRIF ONTH: -

V) [\J T Mo

g~y =gy T
DOl S Ry M |
— D0 J

Dol sy Rt RV R Y
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EXTRECT FIME EEY THIZT TEST

FECORD MUMBER--:H154449-6-MR D EUERITT HAHD USED = R
THIST DIRECTION = CH

'~HAIS MAR = ZHE AMD HMIN = -1 MM IM1 MM STEPS & X-HAIS = 9 7O 5 SECS [N UNIT STE

m— e T

x
o

.| NSNS A

FIME MEY THIST MASIMUM = 1,22 HEWTOH-METRES @ 2,31 SECONDS

FINE KEY THIST MIMIHMUM = —.83 NHEWTUN-METRES @ 4.8& SECONDS

GRIP DRATR:-

- 94 -.a4 [ -84 5 A3

L BT S o ; 1
.85 1,43 1.13 1.
1.12 1.1% 1.13 1
i.1= 1,132 1.13 1.1
1.5 e} - B9 -
=13 -3¢ -89 -

EXTRACT FIHE KEY THIST TE=T

RECORD MUMBER~-:R154440-8-MR 0 EVERITT HHMD U3ED = L
THIST DIRECTICON = ACH

-

—HEIS MAX = MM AMD HMIN = -2 HH IN1 NM STEPS & X-AKIS = © TO 5 SECS IN UNIT STE

[

;

|

] — 7
! f
| /
i

i

|

i

|

—

FIne KEY THIST HMAXIHUM = & HEWMTOM-METRES 2 @ SECONDS
FINE KEY THIST MINIMUM = -1.83 NEWTON-METRES @ 3.67 SECOMDS

GRIP DATR:~

5} (5} 1 a
~o3d - -.ES -.7
-.523 - ~.32 -, 32
-1 -1 -1.8% -1
-. 98 .38 -3 -1
-1.85 -1.8% -.92 -.ES
4] 5] i a
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ExTRACT SHALL TUBE THIST TEST

RECORD HUMBER--:H13444@3-E-MR D EVERITT HAHD USED =
THIST DIRECT H = CH

Y-HAIE MAX = THN GHD MIN = -1 HH IND HH STEPS & ¥-AXIS = @ TO 5 3ECS IN UNIT STE

Pz

j

] A

E /z/\w,/"’\drf*"—‘“’A’v/ U

i

f*

L i

| \

f‘ \

} : !
1

L/ . ”

l

.

SHALL TUBE THIST mREIbund
SHALL TUEE THIST MINIMUM
GRIP OHTH: -

0o

5] e a' 3 z
2 z 3 4.82 4
S 5 <. 5.1% b
S ) = 5,731 S
S 5.7 S 3.32 .
é a
: EXTRACT SHALL TULRE THIST TEST

RECORD MUMBER—->A154448-5—MR O EUVERITT HAND LSED =
THIST DIRECTION = CH

A2 = BHHM ARD MIM = -1 HM DMl HM STEPS & X-AXIS = 8 TO 5 5ECS IN UMIT STE

skl TUBE THIST HESIMUM = S.31 NEHTDN METRES 2 4,14 SECOMDS

SMALL TUBE THIST MINIMUM = & REHTON-METRES & 2.€7 SECONDS

GRIP BRTH: -
2B i 1,17 1.5% 1,34
2.87 2 .11 2.37 3.5
3,63 4.27 4,27 4.4 4.53
4.4 4.74 4.32 4,92 +.79
4.7 3.73 4,92 4,92 5.895
4. S.12 %15 3.2 5.85%
4. .- 26 .13 13
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APPENDIX 9

RESULTS OF PATIENTS FROM DRUG TRIAL




Days
fer POWER GRIP PAN KETTLE PULP PINCH EXTENSION
start Hand In Mi Ri Li Tot Gr Lo Up Mx Gr Lo Up Mx In Mi Ri Li Im Mi Ri Li
48 L 58 35 45 4O 171 59 13 13 49 97 25 28 84 35 32 23 16 2.92 6.43 1.47 4.99
R 27 67 49 52 185 89 12 13 78 89 29 36 89 29 29 26 16 7.05 5.81 2.51 3.75
112 L 58 112 49 36 246 51 23 28 50 73 35 48 59 33 47 33 25 2,45 6.40 1.88 3.20
R 28 95 62 Lo 222 64 28 30 60 101 35 60 7k 47 29 %6 33 5.84 5.46 2.82 3.20
140 L 52 125 59 46 279 75 32 31 75 91 k2 62 66 31 36 28 25 L.k 5.84 2.45 L.k
R 24 110 60 46 256 99 26 29 80 67 43 55 60 36 Lp 25 25 6.21 5.27 2.82 3.01
161 L 39 96 45 28 206 79 25 29 69 93 38 4o 82 31 39 19 17 3.39 6.59 3.20 3.77
R 50 105 77 47 260 113 30 50 102 70 36 45 57 Lp 31 22 22 5.84 6.40 3.95 3.95
176 L 52 95 55 34 227 64 23 26 60 93 4h4 L8 2L 36 L4 25 19 4,52 6.21 3.20 4.33
R 49 105 63 45 254 87 29 33 79 72 49 55 61 39 36 31 25 6.21 5.46 3.77 3.39
Table A9.1 Results of AHD

PAN & KETTLE:~
Gr = maximum grip . . ] .
Mx - grip at maximum lift ~ These abbreviations apply in all subsequent tables

Lp - lateral pinch

*66%



91

119

140

168

In
81
73

84
66

54
71

50
64

68
Sk

74
76

POWER GRIP

Mi
78
120

75
112

78
102

69
99

76
90

97
117

Ri

42
81

L7
59

53
72

Ll
63

Ly
63

45
66

Table A9.2

Li

24
69

53
70

52
59

25
53

28
41

26
k9

Tot
213
3L

251
304

232
%01

184
269

205
248

232
308

Gr
110
121

107
140

97
143

126
A4y

113
158

120
170

PAN
Lo

50
53
Ly
51

b3
5it

b5
52

53
56

23
56

Results of DE

Up

62
64

56
61

51
62

55
65

66
66

70
66

Mx

116

104
132

95

141

118
144

105
153

111
165

Gr

52
46

51
57

51
73
70
b3

40
b3

Il
61

KETTLE
Lo Up

59 78
60 81

M
M

M - maximum lift( greater then 99N )

In
38

39
31

il

Ly
36

L2
L2

42
36

PULP PINCH

Mi

26
41

33
19

25

~ 7
N

28
28

36
28

22
22

Ri
29
38

14
19

17
22

25
28

17
25

19
28

Li

23
19

22
19

28
22

31
28

25
22

28
22

In
S.40
2,30

5.27
2.82

T
3,01

5.27
2.64

4,90
3,01

5.27
%.20

EXTENSION

Mi
5.61
6.13

7.16
6.97
6.40
&..7
6078
6.21

7.16
6.59

6.97
6.4

Ri
2.30
5-75

b33
3.58

3.01
3.77

3.39
3.39

3.95
3,20

k.33
3,01

Li
0.85
L.s57

1.58
5.27

3.01
5.84

4,71
5.27

I 1k
5.08

4,52
4,52

Key
1.17
1.17

1.04
0.91

0.83
0.83

0.87
1.18

0.92
0.92

1.09
1.22

Tube

5.44
6.22

L.,27
6.09

3.50
5.kl

k.27
5.70

3.76
4.92

5.351
6.22

Lp

65
71

78
92

67
78

89
89

78
89

72

°96¢



Days
from
start

56

102

140

161

196

Hand
I

R

TABLE A9.3.

In

24
19

32
28

29
35

32

16
24

POWER GRIP
Mi Ri Li
16 8 14
28 17 16
41 11 11
L8 27 19
27 14 18
41 31 25
38 11 23
54 35 26
23 13 15
16 22 24

Tot

60
76

91
113

80
127

93
150

61
86

Gr
32

&5

66

b2

46
48

25
Lo

Results of IEJ

PAN

Lo

10

Up

i2

11
14

11
17
17

10
11

KETTLE

Lo

16
18

23
24

11
22

20
23

24
21

Up

17
16

27
26

1
27

2k
26

17
23

In

16
19

19
25

25
25

28

. 25

22
13

Li

N

11
11

PULP PINCH -
Mi Ri
13 7
23 13
12
19 14
19 11
19 17
11
22 1k
11 8 .
17 14

10

In .
2.09
1,63

3.20
2.45

3.01
>.6L

2.82
1.69

3477
1.45

EXTENSION

Mi

0. Uk
1.47

2.07
2.26

1.51
0.94

1.51
0.56
1.69
1.32

Ri

1.27
1.68

1.69
2.64

1.51
2.26

1.61
1.32

2.07
1.51

Li
0. bk
1.27

1.69
1.32

1.69
1.13

1.51
0.75

1.51
0.9%4

Key
0.57
0.52

0.65
0.57

0.52
0.70

0.65
0.70

0.52
0.4k

Tube
1.81

1.55

1.55
2.59

1055
1.81

1.94
233

1.94
1.30

Lp
32
41

L2
50
b7
50

58
53

Iyl
42

*L6%



Days
from
start

14

28

56

8L

112

140

168

Hand

L
R

25
26

20
2k

12
19

24
46

21
29

16
28

15

POWER GRIP

Mi
16
2k

13
20

14
35

18
23

25,

27

26
31

32
37

Ri

14
36

19
17

1%
25

18
32

17
27

2k
25

39
35

Li

13
21

16
13

21
13

2k
16

30
26

12
13

17
25

Tot

59
89

72
69

50
83

2l
103

84
103

64
80

100
115

Gr

23
27

32
21

14
26

17
39

22
2k
37

23
38

TABLE A9.4, Results of LAO

PAN

Lo

Iy

)
O \O \Ut o\

b
(\VIN©)

10
17

[en}
[eNe] oo nun EaAVIR o]

I R N
W O

Y
N~

-
O W

Mx

25
26

30
19

13
2h

14
37

18
30

21

23
37

Gr
26
20

20
13

16
14

23
15

32
13
25

13
29

KETTLE

Lo
6
6

9
8

19
18

20
29

15
21

12
15

32
35

In
15
11

13
19

16
23

19
25
22
22

11
19

22
28

Mi
12
9

14
23

16
23

19
25

25
28

22
25

28
28

Ri
6
9

8
16

11
13

8
17

22
22

14
19

17
22

PULP PINCH

Li
6
10

8
13

10
10

6
8

11
11

11
11

14
1l

EXTENSION

Mi

2,30
2.92

1k

Ri
1.27
1,68

1.68
1.89

2.71
4057

3,58
3.39

1,88
3,20

- 1.69

3.20

5.39
2.26

Li
1047
1.27

2,09
1.47

1.89
2.71

3.58
2.45

3,01
2.82

2.64
3.39

3.20
3,01

Key

0,31
0,44

0.39
0057

0.39
0057

0.52
0,70

0.52
0,92

0. bk
0,83

0,61
0,70

Tube
1.30
1.55

1.42
1.68

1.0k
1.320

1.55
3.11

1.81
3.2k

1.30
3.11

2,07
3.11

39
Ll
58

31
61

sl
61

°go¢



Days POWER GRIP
from

start Hand In Mi Ri Li Tot Gr

84 L 19 20 10 8 55
R 5 13 & 22 44 o0

105 L 22 35 13 a4 71 1
R 15 11 1 10 35 0
147 L 12 20 8 13 52 1
R 16 5 11 2 28 o0
161 L 19 16 6 9 46 6
R 12 16 7 7 4o 3
217 L 1% 25 10 5 49 3
R 7 5 6 11 25 0

TABLE A9.5. Results of DS

a = no opposition

PAN

Up

[\VEV] W O

n F F W W

Mx

N+ OO leNe

(@Y

Gr

20

o

KETTLE

Lo

FFHF OW

N+ WW W N

Up

nNFouT

oY W F [ACANY]

In
12

12

1M

10

11

PULP PINCH
Mi Ri Li
16 7

9 6 6
10 5 6
10 7 8

6 9 7

9 7 6

8 6 7

8 9 6

8 7 8

In

EXTENSION

Mi

No

Data

Ri

Li

0.31

Lp
19
26

23
32

31
31

17
17

31
31

*66¢



Days
from
start

L2

91

175

203

Hand 1In
L 15
R 26
L 1k
R 24
L 3
R 17
L 7
R 17

TABLE A9.6.

POWER GRIP
Mi Ri Li
23 11 5
38 22 8
8 11 24
25 16 11

5 4 2
23 14 17

5 6 8
15 143 8

Results of ES

Tot
53
90

55
69

T
66

2k
51

Gr

18
23

18
%1

13

11
15

PAN
Lo

13

17

17

14

a = lifted under-arm

Up

11

Mx

"
22

25

11

14

Gr

15

26
15

36
19

21

KETTLE
Lo Up

5 5
16 12

Mx

- N oA\

=

In

16
29

32

16
14

16
25

Li

10
7

6
7

3
10

10

PULP PINCH
Mi Ri

23 13

19 10

12 8

16 13

15 6

1% 10

10 13

19 17

11

In
0.85
1.89

1.89
2.51

1.32
2.45

1.88
2.64h

EXTENSION

Mi
1.47
2.30

3e33
2.92

1.88
2.64

1.13
3.58

Ri

0
1.27

1.89
2.71

0.19
0.75

132

Li

0.65
0.85

0.23
2651

0.38
1.13

1.13
1.88

Key

0.h4
0070

0.65
0.57

0. Lk
0.48

0.39

Tube
1.30
2633

0.52
2.20

Lp

No

Data

° 00t
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Days
from
start

28

49

91

POWER GRIP
Hand In Mi Ri Li
L 10 1 10 41
R 18 7 16 19
L 11 4 7 8
R 7 6 7 17
L 9 5 6 14
R 8 0 3 M
L 12 0 7 12
R 11 4 L 12

TABLE A1061.

Tot
bl
52

26
29

33
18

28
27

Gr

14
14

18
18

14
15

Results of JC

PAN

Lo

[\SANY U1 \WN

W

[\ Y

Up

+ W

F o

Mx
14

15
12
11

13
15

Gr

[eRN;]

11
11

12
15

KETTLE
Lo Up
8 7
10 13
3 2
2 3
3 3
2 3

Mx

+ O N =

In
10
11

11
12

10
10

PULP PINCH

Mi

8
8

-3

[eaNNe] 1\

Ri

6
7

= F - 0o

1~

Li 1In Mi

6 0.65 0.65
9 0 0

7 - -
10 - -

b 2,26 1.69
6 1.32 0.38

10 2.64 1.88
6 0.94 0.19

EXTENSION

Ri Li
0,65 1.06
0.85 0
2.82 0.94
0.38 0
2.26 0.56
0.75 O

Key

0.22
0.17

0,09
0,17

0.57
0.22

0.26
0,22

Tube

0.65
1.42

Lp
16
23

17
17

11
19



Days
from
start

0

56

91

119

Hand

L
R

In

18
L6

5
11

19
23

5
L2

Mi
65
51

40
48

48
33

54
32

POWER GRIP
Ri Li
4o o
632 40
33 10
52 13
35 18
56 15
25 13
Lq 15

Tot

121
187

84
122

114
126

95
126

Gr

60

50
b7

53
57

61

TABLE A10.2., Results of ECF

PAN

13
1

13

Mx
33
50

k9
L2

53
55

34
61

Gr

3k
28

23
20

23
25

19
25

KETTLE

Lo
3
6

23

23

19
22

24
24

Up

10
9

23
2k

20
25

22
29

Mx
20
16

11
15

16
10

In
35
32

23
23

25
31

28
25

PULP PINCH
Mi Ri Li
19 10 7
23 10 1
16 10 k4
19 16 7
19 17 11
28 28 22
22 11 8
1717 11

In
3.95
5.13

2.09
1.27

2,82
3,01

3.01
2.64

EXTENSION

Mi

Ri Li

4.37 2,09 2.92
3.54 6.23 3.13

2.71 1.27 0.65

1.06

] 0]

3.95 3.39 1.88

4.52

6 2,07

3.58 2.64 2.07
2.82 1.51 1.32

0,70
0.57

0078
0.57

0.65
0.52

Tube

No

Data

Lp

33

42
L

°CCH



?iZ: POWER GRIP PAN KETTLE PULP PINCH EXTENSTION
start Hand In Mi Ri Li Tot Gr Lo Up Mx Gr Lo Up Mx In Mi Ri Li 1In- Mi Ri Li Key Tube Lp
0 L 15 50 49 14 126 63 4 4 59 54 2 3 45 26 23 19 16 3.33 5.81 4.99 4,27 0,52
R PN - - - - 68 3 4L 68 65 L b 58 17 23 10 10 4.37 6.02 3.13 3.54 0,78
28 L 23 50 55 68 153 83 8§ 23 56 47 8 6 21 38 29 19 19 3.33 2.51 2.09 2.92 0.92 No
R 16 39 49 51 135 84 4 2 67 sS4 6 6 45 16 16 10 7 3.75 3.95 1,47 2.92 0.92
119 L 70 73 48 44 213 80 19 22 80 76 39 44 58 47 39 17 25 3.20 4.90 4.90 L,52 0.96
R 56 54 55 L1 189 69 29 3L 69 4O 37 43 23 39 33 25 22 L,.71 4. 14 1.51 3.58 1.35 Data
140 L 52 92 69 20 226 88 18 21 83 55 44 50 29 50 28 19 28 2.45 4.33 3.77 3,95 1.00
R 48 68 48 60 214 78 26 32 66 35 44 53 22 39 31 36 33 5.08 3.95 1.69 3.58 1.09

TABLE A10.3. Results of GEL

[



Days
from
start

0

8k

140

154

Hand In
L 19
R 27
L 17
R 27
L 28
R 28
L 15
R 15

Mi

41
12

27
28

b7
31

25
10

POWER
Ri

16
10

6
20

27
25

13
7

GRIP
Li
21

32
24
9

9
6

Tot

o4
56

80
78

125
92

60
38

Gr

74
8k

929
93

66
80

74

TABLE A10.4, Results of DwW

X - no opposition

[}
e}

N W ~N £ [eAYexY oo £

Mx

73
72

929
86

62
79

73

Gr

59
4o

76
111

59
57

57
93

KETTLE

Lo

9
26

19
22

8
19

5
5

Up

9
26

22
24

10
23

6
8

Mx

56
23

68
52
26

53
91

PULP PINCH

Mi Ri Li In
22 19 10 1.27
19 16 10 %.13
39 19 19 2.07
28 19 19 3,01
11 11 10 O
1 9 11 2.07
9 12 14 0.38
9 6 8 0.75

EXTENSION
Mi Ri Li
2.09 1.06 0.23
b,99 1.06 o0
3.58 2.07 0.19
hoah 0.94 0
1.88 0.94 ©
3.77 0O 0
2.07 0.56 0.19
2.45 0 X

Key

0.70
0.35

0.35
0.26

0.22

0.35
0.26

Tube

1.42
0.78

1.17
1.94

1.42
2.20

Lp

Ly
42

25
28

14
14

*G0H



Days

from POWER GRIP PAN KETTLE PULP PINCH EXTENSION
start Hand In Mi Ri Li Tot Gr Lo Up Mx Gr Lo Up Mx In Mi Ri Li 1In Mi Ri Li Key Tube Lp
0 L 30 53 46 25 149 57 10 7 54 39 14 17 35 23 29 23 19 5.19 5.40 7.05 6.43 0,52

R 32 33 22 8 9k 37 13 17 37 37 14 15 30 35 29 19 13 2.30 3.54% 4.57 4.37 0.52
56 L 39 29 51 30 47 Y42 8 12 39 55 11 14 55 29 16 16 16 3.54 3.33 3,75 1.68 0,52 No

R 4o 55 20 18 132 4o 9 11 38 18 11 11 10 19 19 26 19 0.65 1.06 1.68 2.71 0.52
84 L 42 70 49 21 180 - - - - - - - - 22 31 25 25 - - - - 0.74

R 28 L6 22 14 109 - - - - - - - - 39 21 19 22 - - - - 0,92 Data
168 L 23 53 48 33 155 49 7 9 63 29 12 15 18 36 36 25 28 2.82 3.20 2.45 1.88 0.57

R 35 59 42 15 147 47 7 11 L3 23 7 8 12 31 25 22 22 1.51 1.32 0,94 2.26 0,39

TABLE A10.5. Results of Jw

°90%
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Days
from
start

36

28

Il

49

51

55

Hand

L
R

Mi

26
20

18
26

25
26

14
21
15

10
16

POWER GRIP

Ri
21
32

27
38

22
29

11
10

7
15

8
18

N

+ £\

Tot
56
67

66
77

62
72

30
20

36
L2

28
59

Gr

32
i1

41
45

=

2
51

18
51

39
56

22
55

TABLE A11.1. Results of CWA

PAN

Lo

£

[AVINAV]

N

==

[en]
o]

OEFE WO FF U UE wWu

Gr

25
26

30
21

18
23

o
21

39

21
23

KETTLE
Lo Up
.5 b
2 3
6 8
L 3
L5
L 4
5 5
6 6
6 8
6 8
3 5
5 7

Mx

PULP PINCH
In Mi Ri
v 8 8
9 7 7
13 8 8
10 14 12
10 11 10
9 10 12
11 9 6
10 9 9
8 7 8
10 12 7
10 8 6
11 10 8

Li

0o 0o

[oo3\e} ~\n £ O [@JaN]

In

2.45
2.64

1.88
3.95

1.69
3.20

1.69
L.33

2.07
3.20

3.20
3.58

EXTENSION

Mi

2.45
1.13

2.82
1.67

2.6k
2.07

2.45
2.64

2.07
1.69

2.64
2.6k

Ri
2.26
0,94

2.07
1.88

2.64
1.88

1.88
2.64

1.51
1.88

2.64
2.64

Li
2.6k
2.07

3.01
2.64

3.95
3,01

2.82
2.45

2.45
2.64

3.58
2.82

Key

0.52
0.35

0.35
0.35

0.39
0.52

0.35
0.39

0.22
O.4h

0.22
0.4k

Tube

1.30
1030

1.43
1.55

1.55
1.94

1.04
0.91

1.68
1.55

1.55
1.30

Lp
19
28

28
33

31
36

22
28

19
22

22
28

*g0H



Days
from
start

0

Hand

L
R

In

20

13
12

28
35

28

Mi
20
30

27
27

20
23

30
%2

POWER

Ri
18
25

21
32

17
39

32
42

GRIP

Li

15
12

13

18

20

Tot
GO
86

61
80

59
61

77
121

Gr
50
28

55
52

48
64

56
33

TABLE A11.2. Results of PMB

PAN

(=]
o

-
N \O N 0o O O + U

-

Mx
bs
20

L7
50

37
36

53
32

Gr

26
21

23
15

28
18

48
90

KETTLE
Lo Up
9 12
10 11
12 18
15 19
21 26
36 48
29 39
34 41

Mx

13

21
18

32
L2

In

19
19

17
17
22

17
25

PULP PINCH

Mi
17
14

14
22

14
19

19
19

Ri
17
17

11
17

11
17

11
(L

Li
14
14

11
14

14
8

11
14

In

3.01
2-95

2.64
3.77

2.64
3.20

2.45
3.39

EXTENSION
Mi Ri

1.51 3.01
1.32 2.26

1.88 2.82
3.01 3.39

1.69 2.26
1.13 1.50

0.75 2.64
2.45 2.82

Key

0.kh
0.52

0.31
0.57

0.39
0.52

0.39
0.52

Tube
2.72
2.72

2.46
2.46

1.68
2.72

2.72
2.85

Lp
22
33

22
A

22
36

25
L2

*60%



Days
from
start

1

11

Hand

L
-R

In

19

21
21

25
16

23
35

Mi

26
23

59
L2

39
25

65
ik

POWER GRIP

Ri
7
11

38
29

22
20

37
37

Li

+\0 ~J\n

Tot

46
59

125
104

104
76

154

Gr

67
56

76
65

79
76

85

137 103

TABLE A11.3. Results of GB

PAN

Lo

O o

17
15

18
25

X = no opposition

Up
13

13
16

24
22

2
37

Mx
53
39

65
52

78
60

85
73

Gr

63
51

104
79

72
59

81
62

KETTLE

Lo
12
27

39
2k

24

38
32

Up
15
32

48
27

55
A

45
L6

Mx

28
28

37
40

26
30

25
34

In
19
12

31
17

33
17

36
14

PULP PINCH
Mi Ri Li
11 6 28

6 7 13
19 8 22
19 14 17
22 14 =21
14 6 28
25 8 25
25 8 25

In
0,94
0.56

0.56
3.39

5.08
3.39

h.33
3.58

EXTENSION

Mi
0.56
2.07

0.75
1.69

2.64
3,01

1o69
2.45

Ri
0,56
1,32

0.75
1.32

3.39
1.32

1.69
1.88

Key
0.26
0.17

0.48
0,17

0.83
0.70

0.78
0.83

Tube
1.04
0.78

1.42
1.94

2.20
2.33

3.24
2.20

Lp
11
58

67
69

58
69

67

°OL%



Days
from
start

0

10

™

16

Hand

L
R

TABLE A11.5.

In

20

11
20

16
23

20
11

20

15
20

Mi

15
26

6
1

2
17

10
26

11
15

6
21

6

14

Ri

7
28

POWER GRIP

Li

18
2l

13
2

19
24

11
15

28
26

9
20

14
20

Tot
42
76
32
L2

32
69

41
71

61
67

29
75

L2
62

10
15

15
17

15
17

Results of ENC

PAN

Lo

-

oo\ oo o F + F

[eXRN]

Up

N

o O N W

-
oo WO O

12
16

10
15

14
16

14
16

KETTLE
Lo Ip
1 1
2 3
3 3
2 2
7 6
5 6
7 10
13 18
15 21
19 26
1% 18
15 18
21 28
10 15

Mx

O W o - ol (o Ne; ~N O

(oNe]

In

13
90k

13

m
19

14
25

25
22

17
22

19
19

PULP PINCH

Mi

9
11

=\ \O \O

10
17

Ri

-] ~J O ~J Cc

Li

In

3.58
2.64

3.01
1.88

2.82
1.69

2.45
2.64

3.20
3.20

3.39
3.20

EXTENSION

Mi
1.88
3.01

2.26
2.45

2.26°

3.20

2.64
2.39

2.82
2.26

Ri
0.56
2.26

2.07
2.07

1.69
1.69

188
3.01

1.69
2.26

2.07
2.26

Li
1.51
151

1.13
0.75

1.51
1.13

1.69
2.26

1.69
1.69

1.69
2.07

Tube
0.91
1.04

0.65
0.78

Oo91
1.55

1.55
1,04

1.30
1.42

0.78
1.42

1.30
1.17

Lp
25
39

25
28

28
28

39
36

28
28

28
39

31
39

Lly



?ig: POWER GRIP PAN KETTLE PULP PINCH EXTENSION

start Hand In Mi Ri Li Tot Gr Lo Up Mx Gr Lo Up Mx In Mi Ri Li 1In Mi Ri Li Key Tube

o) L 23 5 4 2 30 18 1 2 14 8 1 1 0 6 6 3 2 1.%32 0.75 0.75 0.75 0.26 0.39
R 11 6 8 4 29 15 3 2 12 2 2 2 0 v 5 5 7 2,07 0.38 0.75 0.38 0.09 0
2 L 8 11 6 6 29 26 4 Vi 7 2 2 0 11 9 7 L4 2,26 0.56 0.56 1.88 0.26 1.17
R 16 9 8 8 38 31 3 4 29 3 4 3 0 1 9 7 7 1.88 0.56 1.32 0.75 0.22 0.52
6 L 4 4 7 7 22 22 3 3z 48 18 3 5 8 9 10 6 6 1.13 0.75 0.94 0.56 0.17 0.78
R 17 5 10 7 37 23 2 2 15 16 4 5 10 8 10 7 10 1.88 0.56 0.75 0.56 0.09 0.57
9 L 11 7 L 7 26 19 3 5 18 14 6 6 11 9 11 9 X 1,69 1.13 0.75 0.75 0.13 0.65
R 20 3 16 11 4s 46 3 L 46 L 4 6 0 11 9 5 5 1.88 0.38 0.75 0 0.17 0.39

TABLE A11.5. Results of EF

X -« no opposition

°2ly



Days
from
start

1

11

Hand

L
R

In
25

34
20

46

55
32

Mi
11
15

25
6

b7
7

32
16

POWER GRIP
Ri Li
14 15
28 2
28 17
15 2
51 2k
10 2
Lo 26
21 0

Tot
63
51

101
40

165
28

151
67

Gr
17
14

23
20

22
10

13
19

TABLE A11.6. Results of GM

PAN

Mx

19
17

21

11
18

Gr
28
32

26

30
11

19

KETTLE
Lo Up
1 12
11 12
10 13
3 5
14 19
2 2
38 32
6 6

Mx

15
13

15
18
10

18
10

In
19
12

25
11

22
13

22
12

PULP PINCH
Mi Ri Li
1 22 14
13 11 9
28 25 19

g8 1 9
28 31 19
15 14 10
15 28 14
11 15 9

in

EXTENSION
Mi Ri

No

Data

Li

Key

0,31
0,13

0.48
0,13

0.48
0,31

0.48

Tube

1.68
1.55

2.59
0.91

2.85
1.04

Lp

28
17

33
17

33
22

31
22

°CLy



Days

from POWER GRIP PAN KETTLE PULP PINCH EXTENSION
start Hand In Mi Ri Li Tot Gr Lo Up Mx Gr Lo Up Mx In Mi Ri Li 1Im Mi Ri Li Key
3 L 21 60 88 24 190 84 36 4Ls 176 L6 M 32 33 31 X 25 5,46 3,58 X 5.27 1.18
R 19 23 15 7 62 33 14 17 32 13 M O 33 22 8 14 3.20 3.95 1.32 3.50 0.70
5 L 44 117 133 37 330 131 38 49 84 67 M 58 L4 4L X 25 4.71 3.20 X 5.27 1.35
R 48 34 34 27 140 99 LO 45 87 16 M 7 42 25 28 25 4.52 4.90 3.20 5.27 1.09
7 L 42 92 110 32 271 140 45 53 125 87 M 74 39 L2 X 22 4.14 2.83 X - 1.35
R 3 39 z4 21 128 106 4O L5 97 63 M 17 39 22 17 17 4.3%3 4.33%3 2.26 4.52 1.18
11 L 4% 115 121 38 316 99 41 56 95 59 M 38 42 47 X 19 4.71 2.07 X 4.73 1.26
R 34 54 35 23 125 83 3236 41 79 26 M 18 42 28 14 14 4.52 3.95 0.74 3.95 1.09

TABLE A11.7. Results of RP
Table All.7 Results of RP
" M = maximum 1ift( greater then 99N )
X = ring finger distal phalanx amputated

Lt



Days
from
start

0

10

i

16

19

27
17

25
15

19
15

28
39

27
21

27
32

Mi

23
23

41
59

57
66

53

46
63

49
79

60
58

Ri

22
10

32
45

ks
L

42
53

34
34

55
49

52
51

M - maximum 1ift( greater than 99N )

POWER GRIP

Li

1
6

14
14

21
14

14
23

18
14

26
20

17
25

Tot

66
47

108
132

146
137

123
158

123
136

154
168

154
155

TABLE A11.8. Results of JS

Gr

39
53

62
61

53
7

50
84

4y
71

62
76

51
84

Lo

11

25
26

29
2k

26
24

26
a3

30
30

34
31

PAN

Up

12

29
30

4o
32

35
33
29

46
36

53
4o

Mx

3h
53

57
60

53
7’3

l*.'?
83

46
71

53
76

41
79

Gr

32
23

62
73

19
25

23
36

27
17

32
12

37
57

KETTLE

Lo

18
33

37
4o

4y
L1

51
46

Up

20
35

51
50

63
52

72
68

Mi

m
21

28
42

25
36

31
33

25
31

19
33

31
22

PULP PINCH

Ri

11
16

22
28

14
22

25
31

17
23

19
19

22
19

Li

10
13

14
19

14
17

17
19

11
17

17
19

17
19

In

3.77
3.01

2.64
3.20

2.45
3.39

2.82
3,56

1.88
3,58

2.82
3.58

2.26
3.39

EXTENSION

Mi

2.26
2.26

2.64
3,20

3.01
3.20

2.82
3.39

2.82
3.58

3.39
3.95

3.39
3.39

Ri

1.88
1.88

1.88
1.88

2 026
1.69

1o69
2.07

1.88
1.51

1.88
1.69

1.88
1.69

Li

2.26
0.94

2.82
1.32

2026
151

2.45
1.32

2.45
1.32

2.26
0.94

3.20
2.26

Key

0.4k
0.31

0.61
0.57

0.65
0.4k

0.74
0.65

0.6
0.57

0.74
0.65

0.65
0.61

Lp

36

L7
39

Lo
yly

47
Ll

47
42

53
50

53
L

°GlLYy



Days

from
start Hand 1In
3 L 7
R 8
6 L 8
R 7
11 L 1
R 15
14 L 11
R 7

Mi
11
9

11
11

11
15

16
12

POYWER GRIP
Ri Li Tot
10 7 33

7 8 31
11 5 34
11 6 35
1% 6 31
17 15 59
7 47
11 6 %6

Gr

TABLE A11.9, Results of IW

PAN

Lo

aa

Up

U = unable to 1lift pan
X = no opposition

Mx

25
35

18
10

KETTLE

Lo

26

13
20

34
41

29
4o

Up

22

16
26

L5
60

39
56

Mx

In
4
7

PULP PINCH
Mi .Ri Li
2 X X
5 2 3
2 X X
6 L 4
5 X X
6 3 4
2 X X
8 4 4

In

EXTENSION

Mi

No

Data

Ri

Li

Tube
0,65
0.91

0.78
0.65

1.30
1.04

0,91
1.0k

Lp

17

11

15

12

°9Lyg
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APPENDIX 12

RESULTS OF PATIENTS FROM PHYSIOTHERAPY




Days

from POWER GRIP PAN KEPTLE PULP PINCH EXTENSION
start Hand In Mi Ri Li Tot Gr Lo Up Mx Gr Lo Up Mx In Mi Ri Li 1In M3 Ri Li . Key Tube
0 L 28 28 19 25 93 28 7 8 28 15 8 9 5 13 13 7 7 2.30 3.1% 2.51 2.09 0,31 1.04
R 22 19 25 31 9%z 24 4 4 19 9 9 10 0 16 16 11 13 2.51 3.95 2.71 2.09 0.35 1.30
14 L 3 4 15 27 86 31 5 7 29 25 10 12 5 11 12 8 6 2.82 3.01 0.94 0.94% 0.35 1,04
R 19 30 32 24 93 32 4 2 28 19 6 7 15 14 12 8 8 2.64 2,82 2.45 2.82 0.31 1.17
28 L 24 10 8 30 66 3/ 6 6 33 18 7 8 2 11 14 6 9 2.45 2,58 2.07 2.64 O.44 0.78
R 25 26 27 24 92 27 4 3 26 118 12 13 7 17 12 12 10 3,58 4.71 2.65 3.77 0.52 1.42
Lo L 22 16 18 28 87 3% 10 12 34 17 11 13 12 14 15 8 8 2,64 2.65 1.51 2.6k 0.31 1,04
R Lz 236 29 25 122 38 9 11 37 19 15 18 & 19 17 11 8 2.64 3,329 2,01 2.26 0.57 1.81

TABLE A12.1. Results of FB

‘LY



30

49

POWER GRIP PAN KETTLE PULP PINCH EXTENSION

Hand In Mi Ri ILi Tot Gr Lo Up Mx Gr Lo Up Mx In Mi Ri Li In Mi Ri Li Key Tube Lp
L 56 65 48 33 195 55 17 21 51 34 23 32 23 29 32 19 10 0.48

R 11 6 13 19 47 L2 b4 5 38 4 7 9 0 4 7 11 14 0.13

L 35 70 48 13 158 44 18 21 .36 21 11 12 14 19 16 19 7 No 0.39 No

R 15 2 64 21 99 42 5 6 42 12 11 11 L4 5 10 10 14 0.13

L 36 86 61 16 188 32 11 12 30 32 12 15 21 26 19 13 10 0.61

R 15 17 25 28 79 41 10 11 38 16 17 14 0 10 15 15 17 Data 0.48 Data

L 4o 59 66 36 195 24 11 12 23 30 13 17 22 26 26 19 10 0,78

R 20 24 32 31 101 35 6 7 26 9 9 1M 3 10 13 12 15 0.31

TABLE A12.2. Results of JB
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Days
from
start

0

1

35

56

Hand

L
R

TABLE A12.3,

In

30
12

POWER GRIP

Mi

35
11

20
9

Ll
12

64
11

Ri

33
L

60
7

33
9

34
14

Li
b5
11

&9
13

39
9

31
19

Tot
153

160

35

145
35

159

Gr
58

88
22

85
36

65

Results of AGM

Lo
17

PAN

' U - Unable to lift pan

Mx
78

85
21

81
31

57
19

Gr
33

37
13

51
17

48
13

KETTLE
Lo Up
15 10
7 5
17 19
9 7
32 37
17 19
25 41
25 27

PULP PINCH

Mi

26
3

29
10

=
[

£ 00 oo AN W F

Li

In

EXTENSION

Mi

Ri

No

Data

Li

Tube
2.85
0054

1.68
0.39

2.59
0.52

2.33
1.17

Lp

°0cYy



Days
from
start

4

28

42

56

70

Hand

L
R

TABLE A12.4. Results of DM

In
30
19

23
20

L7
12

24
1%

b3
28

POWER GRIP
Mi Ri Li
27 10 22
12 8 11
2% 28 2

9 16 18
25 31 1
14 8 16
33 11 27

4 L 21
29 22 2
16 5 8

Tot
88
4s

74
59

98
43

95
38

90
56

Gr
52
14

59
22

55
17

37
39

33
29

Lo

O 4 o O

=

[AVANY]

PAN
Up

o\ [AVANY} = F o

AN

Mx
52

58
13

51
14

36
37

29
28

Gr

b5
>

26
12

30
21

62
31

31
14

KETTLE
Lo Up
0 7
0 0
2 2
2 2
b3
2 1
L3
5 3
3 2
2 2

Mx
39

19
11

16
20

47
17

21
10

In

19
10

20
11

29
15

26
14

23
13

PULP PINCH

Mi

Ri

n O AN £ 3

N O\ o~

Li

N [eaNaN] W O ~J ~J

-
Ul \N

In

SXTENSION

Mi

No

Data

Ri

Li

Key Tube

0.57
0.22

0.35
0.31

0.57
0.31

0.39
0.26

0.39
0.22

No

Data

Lp

°Leh



Days POWER GRIP PAN KETTLE PULP PINCH EXTENSION

from
start Hand In Mi Ri Li Tot Gr Lo Up Mx Gr o Up Mx In Mi Ri Li Im Mi Ri Li Key Tube. Lp
84 L 46 39 Lo 28 143 42 L 6 37 31 3 6 27 38 38 26 16 3.33 3.13 1.89 3.13 0.9

R Liy 5 22 10 109 49 0 2 49 49 2 5 49 .32 32 19 L 2,92 3.33 4,16 2.71 0.39
98 L 26 55 63 28 167 57 11 11 51 k1 47 19 32 32 35 16 7 2.51 2.30 3.54 3,13 1.05

R 24 27 27 8 83 43 7 6 35 45 8 9 45 19 15 4 0 2,92 0.85 1.47 1.27 0.83 No
112 L 20 33 28 5 99 46 12 11 L2 L4 8 9 38 23 26 13 7 1,47 2.30 2.30 2.30 0.65

R 31 33 19 8 89 42 9 10 4O 47 9 9 L2 16 13 9 4 0.85 2.92 1.60 1.68 0.48
133 L 26 54 33 24 132 47 13 15 45 54 12 14 42 38 38 29 16 3.33 3,13 2,30 3.33 0.83

R 64 45 23 18 143 sk 14 16 50 55 Vi 8 56 322 26 13 10 2.30 4.37 3.13 3.13 0.65 Data
198 L 16 42 22 6 84 47 12 13 41 L3z 10 13 36 33 28 19 17 2.64 3.39 2.82 2,26 0.96

R 27 31 24 9 90 59 7 10 49 41 9 10 41 33 11 11 8 2.64 3,01 2.45 2.45 0.74

TABLE A12.5. Results of FS

°cch



Days
from
start

o)

1

28

L2

Hand

L
R

In
60
105

102
109

71
85

84
129

POWER GRIP
Mi Ri Li
35 40O 41
121 90 101
L5 63 60
183 120 65
80 67 58
165 110 106
118 90 69
135 115 59

Tot

177
b3

263
515

278
456

361
L6z

Gr

TABLE A12.6, Results of AGR

Lo

PAN
Up Mx

No

Data

Gr

KETTLE

Lo

Up Mx

In
41
71

38
59

51
59

53
81

PULP PINCH
Mi Ri
bka 23
89 77
k7 32
62 47
51 51
65 54
67 69
86 67

EXTENSION
Li In Mi Ri
29 4,57 0 0
50 6.02 6.43 5,61
26 3,31 0 0
35 3.95 5.19 4.99
4o 4,70 0.93 0
bs 5.27 4.70 4.89
50 5.44 1.13%3 0.19
50 5.46 5.27 4,71

Li
2,09
2.71

1006
2,30

2.06
2.25

2.45
3.20

Key

Tube Lp

No

Data

°¢ch
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