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Abstract

Non-specific Occupational Overuse Syndrome - pain associated with activity for which there

is no specific diagnosis and often referred to as Repetition Strain Injury ßSI) - s6nfl¡uss te

divide medical opinion. Previous accounts of its pathophysiology fall into two broad camps:

those researchers who claim the syndrome is associated with some form of physicai pathology

and those who deny the presence of physical pathology, associating the syndrome instead with

either fatigue or psychological pathology. This thesis presents findings which challenge both

positions. It argues that fatigue cannot provide an adequate explanation and that the symptoms

are an expression of neither psychological nor physical pathology. Rather, an alternative

theory is developed which accounts for the pain by reference to an as yet unrecognised

physiological control mechanism, the Physiological Activity Limitation Process (PALP). The

thesis presents evidence that:

. some degree of pain or discomfort associated with activity is widely distributed in

"normal" populations,

. that a significant proportion of the population experiences some degree of activity-related

pain which does not disrupt normal activity,

. that the experience of these non-disruptive symptoms does not increase the risk of the

development of the more disruptive symptoms typically associated with Non-specific

Occupational Overuse Syndrome.

The thesis argues that pain or discomfort so wideiy experienced in "normal" popuiations

cannot, in all cases, have a pathological basis and that, therefore, there must be a non-

pathological cause. It proposes a "normal" pathological process (PALP) with generates

unpleasant sensations (discomfort or pain) which function to limit activity to a level appropriate

for an individual's level of fitness. That is, when the intensity of some activity is greater than

that appropriate for an individual's level of fitness, then this physiological process generates

pain or discomfort which typicatly causes the individual to limit that activity. The individual

thereby avoids the injury which might follow if they consistently exceed their tolerance for the

activity. The theory deveioped from this concept makes it possible to account both fo¡ cases of

Non-specific Occupational Overuse Syndrome which respond to treatment and for those which

prove more refractory. As well, a possible aetiology is suggested for other activity-related

conditions which have not yet received generally accepted explanations such as Fibromyalgia,
!

Myofascial Pain Syndrome, Reflex Sympathetic Dystrophy and Focal Dystonia.
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Chapter 1. lntroduction.

1.1. lntroduction

Non-specific Occupational Overuse Syndrome - activity-associated pain for which there is no

specific diagnosis - has certainly had a long history. It is, however, only in the past few

decades that the syndrome - often referred to as RSI (Repetition Strain Injury) - has come to

widespread public prominence with the emergence of apparent epidemics in Austraiia, the

United States fThompson and Phelps, 1990] and the United Kingdom fProchak, 1993]..

Typicatly associated with workers invoived in process work and key -boarding, but also with

musicians, these "epidemics" have resulted in a loss of productivity and a dramatic increase in

lvorkers' compensation claims.

Medical opinion has, up to the present time, remained fundamentally divided as to the

pathophysioiogy of the syndrome, with some researchers claiming that pathological changes to

peripheral tissue are involved while others have denied the presence of physical pathology and

have proposed that the basis of symptoms is either fatigue or psychological pathology. This

thesis reports on a research project into the syndrome which was triggered by a dramatic

increase in the number of reported cases in Australia in the mid 1980s. It presents findings

which challenge all previous hypotheses. It argues that the causes are neither psychologically

nor physically pathological, that the pain does not imply the presence of disease or injury and

that fatigue is not an adequate explanation either. Rather, the pain of Non-specific Occupationai

Overuse Syndrome is, in the majority of cases, an active physioiogical control mechanism

which functions to limit the amount of regular normai activity within bounds safe for the

individual.

1.2. Background

In the early 1980s two separate but related topics attracted widespread interest in the medical

literature. These were the development of what appeared to be an Australian epidemic of

upper-limb pain associated with occupational activity and a resurgence of interest in the

musculo-skeletal problems of musicians. The major problem reported to affect musicians was

that of upperlimb pain, again associated with their occupational activity.

The awareness of the Australian epidemic came from the increasing number of successful

compensation claims awarded to workers because of upper-1imb pain which was alleged to be

caused by occupational activity. ln New South Waies the number of these claims increased

from 162 tn 1978-79 to 2263 in 1981-82, the majority of which were not qualified by the

presence of a specific diagnosis [Harris, 1984]. Consequentiy, the impetus for the
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development of an understanding of Non-specific Occupational Overuse Syndrome came out of

the medico-legal environment in which it became apparent.

Workers compensation claims in Australia, as in the United Kingdom and the United States,

are conducted within the context of an adversarial legal system. Opposing parties (employer vs

employee) typically seek to find medical experts who adopt a perspective supportive of their

interests and who will accordingly offer strong support for their side of the case.

Understandably, this adversarial legal context gave rise to a marked polarisation of opinion

conceming the nature of the Non-specific Occupational Overuse Syndrome. Medical science,

however, had not at the time found reproducible, objective data to explain the nature of the

Overuse Syndrome and thus both the public debate and the court findings had to rely on

opinion and conjecture rather than fact. This division of opinion has remained to the present

day and has been reflected in a number of recent rulings in British courts. (Mughal vs Reuter

News Agency, British High Court,1993)

Resea¡chers have taken various positions on the cause of Non-Specific Occupational Overuse

Syndrome as a result of the Australian debate. These positions can be seen to divide the

researchers broadly into those who take the view that pathological damage of peripheral tissue

is involved and those who deny physical pathology. The latter can be divided into those who

contend that physiological fatigue is an adequate explanation for the source of symptoms and

those who suggest that symptoms are caused by psychological pathology. According to the

former viewpoint, excessive occupational activity can cause pathologicai changes in the

peripheral tissues involved in activity with potentially irreversible consequences. Thus, the

employer is responsible for demanding excessive productivity and the employee should be

compensated for both the pain and suffering caused and for the inability to return to work due

to the damage produced. The psychological pathology side argues that cases of Non-specif,rc

Occupational Overuse Syndrome are due to psychological factors and do not result from

occupational activity. Thus, the employer can not be held responsible. Those who favour the

fatigue theory argue that fatigue is the expected result of activity and so the employees should

accept it as inevitabie. Both of these arguments imply that no physical damage or injury has

occurred and consequently the employee is not eligible for compensation. Theories about the

nature of the process which leads to the experience of pain in the Occupational Overuse

Syndrome, its pathophysiology, have been proposed to support all sides.

In the past there has been considerable confusion in both the labelling and classification of

occupation and activity-related pain syndromes. The terms which have been used to refer to this

phenomenon have included tenosynovitis/tendonitis, occupational cervicobrachial disorder,

occupational overuse injury, occupational musculo-skeletal disorder, cumulative trauma

disorder, regional pain syndrome, repetitive/repetition strain injury ßSÐ and occupational

overuse syndrome. In 1986, in an attempt to limit this confusion, the Australian National

Occupational Health and Safety Commission recoÍìmended that the term, "Occupational

page-2-



JWhite, 1995: Chapter 1

Overuse Syndrome" be used as the umbrella term. The Commission's term applied to all causes

of pain associated with occupational activity and thus included both pain due to known

pathological causes as well as the most common situation where no specific diagnosis could be

made. Although the Commission's definition created an umbrella term it also implied a primary

subdivision into specific and non-specific forms. The following is the definition of

Occupational Overuse Syndrome as presented in the Australian National Occupational Health

and Safety Commission's publication "Repetition Strain Injury: A report and model code of

practice 1986".

"Repetition Strain Injury ßSI), also known as Occupational O_veruse Syndrome, is a

collective term for a rânfc of conditions characterised by discomfort or persistent pain in
muscles, tendons and óther soft tissues, with or without physical manifestations.

aggravated by work, and is associated with
ned postures and /or forceful movements.
working environment, may be important in

Some conditions which fall within the scope
and understood medically, but many others

relopment is yet to be determined. It occurs
among workers performing tasks involving either frequent _repetitive and"/or forceful
movements of thê ümbs or ihe maintenance or fixed postures for prolonged periods, e.g.

process workers, keyboard operators and machinists."

The primary focus of confusion and controversy was with cases of pain for which there was no

specific diagnosis and consequently, a more precise and detailed terminology than that provided

by the Commission's umbrella term was required to distinguish this'

Some authors uniiaterally chose to limit the use of the term RSI or Occupational Overuse

Syndrome to the situation where a specific diagnosis could not be found fFry, 1986b] whereas

others added the qualif,rer "non-specifrc" to the term to make this distinction [Magdulski, 1985].

As the focus of this study was the non-specific sub-category, the latter approach was adopted

to indicate this primary subdivision of occupational overuse syndrome. Hence, Occupational

Overuse Syndrome (OOS) was subdivided into two sub-categories, Specific Occupational

Overuse Syndrome (SOOS) (such as carpal tunnel syndrome, peritendinitis crepitans) and

Non-specific Occupational Overuse Syndrome (NOOS). Despite the vast array of differing

terminology used these terms have been used in this thesis to describe the work of other

authors where a clear distinction has been made.

A number of previous researchers attempting to clarify the features of the Non-specific

Occupational Overuse Syndrome have proposed systems for staging or grading severity

[Browne et al, 1984][Fry, 1986b]. All of these systems have, however, proved to be in

someway problematic or controversial, being criticised, for example, by other authors [Wright,

1987] because they were based on symptoms and signs rather than on objective measurements

or tests, or because unproven prognostic value had been placed on the varying levels of

staging.
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At first the intention was to avoid the use of any form of subdivision of subjects classified as

having Non-specific Occupational Overuse Syndrome and to simply analyse differences

between affected and unaffected individuals. When collecting data early in the tesearch,

however, it became apparent that there were compelling grounds for making at least a

secondary subdivision of those subjects who were in some way affected.

The research subjects came from two sources: patients who presented seeking treatment for

pain associated with activity and a control group made up of students who presented to the

University Health Service for the free first year preventative health check-up. Obviously, the

fîrst group of "patients" would be classified as having Occupational Overuse Syndrome since

the syndrome was defined on the basis of the presence of symptoms, but it was soon

discovered that a sub section of the control group also reported having experienced discomfort

or pain associated with activity. There was, however, an important feature separating the

majority of these control-group individuals from the "patients".

Careful questioning of the majoriry of those from the control group who did report symptoms,

indicated a significant difference in the effect of those symptoms from the effect of the

symptoms reported by the "patient" group. The critical feature of this difference was that

those from the control group found their symptoms to be of no consequence in that they had

felt neither the need to alter their activities in any way nor to seek treatment for those symptoms

from any third parry such as a doctor or physiotherapist.

Since Non-specific Occupational Overuse Syndrome is defined simply by the presence of

symptoms, both the "patients" and this section of the control-group of individuals fell under

this broad heading. But there were clearly significant differences between the "patients", those

whose symptoms were of consequence in that they had altered their activities or sought medical

intervention, and those whose symptoms were of no consequence. The stark difference

between the effect of symptoms on these two groups strongly suggested a difference between

them which should not be ignored by the research design and indeed should be investigated.

Accordingly, the cases of Non-specific Occupational Overuse Syndrome were divided into two

classes, with the division being made on the basis of the effect of the symptoms on the iives

and activities of subjects reporting some degree of activity-related pain. To make this process

of classification explicit and systematic, symptoms were defined as "fnconsequential" or

"Consequential". "Inconsequential" symptoms were those which we¡e of no consequence in

that they did not cause the individual to seek intervention from a third party such as a doctor or

physiotherapist, nor did the symptoms affect their activities in any way. "Consequential"

symptoms were defined as being of some consequence by either inducing the individual to seek

help, or by affecting the activity involved in some way. Affected individuals were placed into
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one of these two sub-categories according to whether their symptoms were "Inconsequential"

or "Consequential".

Musicians were included in the study for the following reasons. Firstiy, by 1985 the literature

[Hochberg et al, 1983]fOwen, 1985a] suggested that Non-specific Occupational Overuse

Syndrome was a significant occupation risk for this group and thus they constituted a logical

target group for investigation. Secondly, this population group could provide a useful and

potentially revealing contrast with the other populations experiencing high levels of Non-

specific Occupational Overuse Syndrome. In particular, they provided the possibility of testing

the hypothesis that the syndrome is in some way causally connected with the presence or

absence of job satisfaction. Ireland [Ireland, 1986a], for example, has suggested that as the

"occupations in which RSI is prevalent are usually dull, monotonous, repetitious and boring -

the development of the condition has more to do with job satisfaction than the activities

involved". Most people would recognise that musicians are usually intensely interested and

involved with their art and so lack of job satisfaction is unlikely to be the cause of problems

affecting them. If the problem were found with a significant incidence in this population then

this would cast doubt on the proposition that this probiem is limited to uninteresting

occupations.

1.3. Research Orientation and Methodology

In March 1986 a study was commenced with the aim of discovering whether or not data

collected by routine clinical assessment of individuals would provide objective evidence in

favour of any of the previously proposed theories. These theories were analysed to identify the

assumptions they relied on and hypotheses they implied. On the basis of data to be collected by

the study, a series of related hypotheses were constructed to enable the previous theories to be

tested.

The subjects were selected from two sources. The first was chosen to provide the control

group or a group of "normal" individuals. These subjects were taken from the first year

students who presented to the University Health Service for the free first year student

preventive health checkup. All music students over a two year period and a random selection of

students from other faculties were included. The second source was that of patients who

presented seeking treatment for pain associated with activity and who were classified as having

Non-specif,rc Occupational Overuse Syndrome.

The collection of data thus took four years of full-time research. The first two years were

primarily involved with the initial assessment of the music students of 1986 and 1987 during

the first year of their study. The last two years were primarily involved with the follow-up

assessment of the music students during their final year of undergraduate study; the 1986
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students completed in 1988 and the 1987 students completed in 1989. Within this time frame

other subjects were assessed and the patient group treated.

Assessment was by use of standard clinical history and examination and a series of self

administered psychological questionnaires. A standardised protocol for the examination of the

upper-limbs for sites of tendemess was used irrespective of presence or absence of symptoms.

The study was conducted in three parts

Part 1. A cross-sectional analysis of subjects taken from a "normal" population comparing

musicians with non musicians and comparing individuais with and without symptoms

consistent with Non-specific Occupational Overuse Syndrome.

Part 2.A case-control analysis of affected and unaffected individuals, created by adding a

patient group to the subjects in part 1 comparing musicians with non musicians, and individuals

with and without Non-specific Occupational Overuse Syndrome .

Part 3. A prospective analysis of the instrumental music students from the control group

assessed initially at a time when they did not have "Consequential" symptoms of Non-specific

Occupational Overuse Syndrome and followed for three years to identify differences between

those who subsequently developed such symptoms and those who did not.

1.4. Overview of Research Findinqs

The results have been analysed in three stages.

1.4.1. Cross-sect¡onal analysis

A summary of the major findings of the cross sectional analysis foilows.

1. The prevalence of "Inconsequential Symptoms" in the control group was 37Vo ín the

instrumental musicians and I5Vo in the non-musicians.

2.The prevalence of symptoms associated with writing in both groups was simiiar (14%

versus I5Vo) - the higher overall prevalence of "Inconsequential Symptoms" in musicians was

due to symptoms associated with musical performance.

3. In both occupational groups 56Vo of. those with no symptoms had presence of tenderness

4. The prevalence of Specific Occupational Overuse Syndrome in the instrumental music

student group was 2Vo.
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1.4.2. Case-control analys¡s

A summary of the major findings of the case-control analysis follows

5. There were 43 individuals classified as "Inconsequential symptoms", 15 of these recalled a

recent modification to or change in intensity of the associated activity (35Vo). There were 3'l

individuals classihed as "Consequential symptoms", 20 of these recalled a recent modification

to or change in intensity of the associated activity (54Vo).

6. There were significant differences in the mean number of tender sites between each

diagnostic category (ANOVA p=0.001). "No Symptoms" no. of sites =2.5, "Inconsequential

symptoms" no. of sites =7.7, "Consequential Symptoms" no. of sites =16.2

7. There were significant differences in the prevalence of tenderness in asymptomatic areas

between each diagnostic category (ANOVA p<0.0001).

8. In any one individual an asymptomatic area contra-lateral to a symptomatic area was

significantly more likely to be tender than the other asymptomatic areas. (Paired Student's t-

test, p<0.0001)

9. There were no differences in the mean number of tender sites nor sensitivity of areas to

palpation comparing musicians with non-musicians within each diagnostic category.

1.4.3. Cohort Prospective analysis.

A summary of the major findings of the prospective anaiysis follows

10. Those who initially had "Inconsequential" symptoms were not more likely to develop

"Consequential" symptoms than those who initially had No symptoms. (Chi-square: 2 degrees

of freedom = 2.88 p= 0.24)

11. Those with higher number of sites of tenderness did not have a higher risk of developing

"Consequential symptoms" (ANOVA p = 0.18)

12. Females with low grip strength had an increased risk of developing "Consequential

symptoms" (ANOVA p = 0.03)

13. The vaiues for the measure of psychological prof,rles were within the normal range for all

diagnostic categories.
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14. Indicators for Conversion Hysteria - "Denial", "Disease Conviction" and "Affective

Inhibition" showed no significant differences between categories.

15. There were significant differences between categories on the psychological profrle "General

Hypochondriasis" (Phobic concern about one's state of health) (ANOVA p = 0'009)

16. There were significant differences between categories on the psychological profile

"Psychological vs Somatic Concern" (ANOVA p = 0.013)

17. There were significant differences between categories on the psychoiogical profile

"Affective Disrurbance" (Tendency towards anxiety) (ANOVA p = 0.038)

1.5. Discussion

These results suggest that the symptoms of Non-specif,rc Occupational Overuse Syndrome are

the result of some physical process. This process would seem to be affected in some complex

way by a number of physical and psychological factors. Evidence for its presence would seem

to be detectable in a broad spectrum of the population including asymptomatic individuals. It

would appear to be functioning in all people irrespective of the presence of muscular fatigue.

These results are thus incompatible with the theory that the process causing Non-specific

Occupational Overuse Syndrome is purely psychological. Conversely they are also

incompatible with the theory that this process involves pathological changes leading to

progressive damage to tissues. Physiological fatigue does not seem to be an adequate

explanation of the range of findings nor the spectrum of severity of symptoms. Consequently

an alternative theory is proposed which allows more moderate conclusions to be drawn than

might be wished by those on the opposing sides of the medico-legal debate.

The proposed theory is that the process which leads to the pain of Occupational Overuse

Syndrome in the majority of cases is a physiological control process the function of which is to

set a iimit to the amount of reguiar normal activity. This process acts by modifying the

sensitivity of peripheral structures so that when that sensitivity reaches a certain threshold then

tenderness can be detected and when it exceeds a higher threshold then symptoms are

experienced. The term "Physiological Activiry Limitation Process" is proposed to describe this

process. It is expected to function via the expression of discomforlpain with the anticipated

effect of limiting activity. The term "Physiological Activity-related Pain" is proposed to

describe the mechanism by which this process exerts its controlling influence. An individual's

actual response to Physiological Activity-related Pain wiil be affected by various psychologicai

factors.
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The conclusion that this theory suggests is that the pain of Non-specific Occupational Overuse

Syndrome is due, in most cases, to the activities in the workplace but it does not imply the

presence of disease or injury. In addition, neither employer nor employee can entirely excuse

themselves of responsibiiity in the prevention and management of the condition.

Acting on the basis of this theory, employers would have to provide ergonomically designed

equipment and utilise appropriate work practices in order to minimise the physical and

psychological stresses of the tasks required. This is, fortunately, simply the requirements of

good occupational health and safety guidelines. It may be that, in addition to this, employers

could also provide facilities for employees to help increase their htness in a way appropriate to

the tasks involved.

Similarly, employees would have to take responsibitity for utilising the facilities provided to

make the demands of the job reasonable. They would also have to ensure that they achieve and

maintain the level of f,rtness necessary for the activities required.

The medical practitioners responsibility would be to assess individuals who develop significant

occupationally related discomfort in order to discriminate between those who are experiencing

Physiological Activity-related Pain and others who have deveioped some form of pathological

condition which is giving rise to their symptoms.

1.6. Conclusion

The findings of this study have suggested a new theory to help explain the origin of activity-

related pain. It proposes an, as yet, unrecognised physiological process (the Physiological

Activity Limitation Process). When the intensity of an activity is greater than that appropriate

for an individuals level of fitness for that activity, then this process generates unpleasant

sensations, Physiological Activity-related Pain, the function of which is to limit that activity.

Consideration of the implications of this theory provides not only an explanation for the

commonly seen cases of Non-specific Occupational Overuse Syndrome where symptoms do

respond to appropriate management but can also provide reasons why some cases prove

refractory to treatment. In addition it suggests a possible aetiology for a number of other

activity-related conditions associated with Non-specifrc Occupational Overuse Syndrome which

have not as yet received generally accepted explanations. These include Fibromyalgia

(Fibrositis), Myofascial Pain Syndrome, Reflex Sympathetic Dystrophy and Focai Dystonia.
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Chapter 2. Literature Review

2.1. lntroduction

This study seeks to understand the phenomenon of activity-related occupational upper-limb pain

which has been variously labelled as Occupational Overuse Syndrome, Repetition Stain Injury

(RSI), Regional Pain Syndrome and Reversible Fatigue Syndrome, amongst others' For

reasons explained elsewhere the term Occupational Overuse Syndrome has been selected for

use in this thesis.

This chapter describes how this study was irutiated by reference to the literature and published

research findings which existed at that time. The social, medico-legal and media environment

present in Australia which created a situation of interest and controversy concerning

Occupational Overuse Syndrome will be discussed. There will also be discussion about the

serendipitous occurrence of the development of international interest in musculo-skeletal

problems of musicians and the relevance of this to the problem of Occupational Overuse

Syndrome . Finally, the features contrasting the various conflicting theories relating to the

pathophysiology of the Occupational Overuse Syndrome are highlighted.

2.2. The mass media

Initially, the dissemination of medical information occurred through mass media reports of

presentations at medical seminars, conferences and meetings rather than in the medical

literature. Although widespread public debate sta¡ted in the early 80's it was not until 1986 that

this began to be fully represented in peer review medical journals'

The problem of occupationally associated arm pain appears to have entered Australian society's

consciousness by way of a booklet produced by the Liverpool 'Women's Health Centre,

Sydney in 1976. This booklet entitled "Your job ... His profits or Your Life." purported to

give information on the occupational risks of "Tenosynovitis".

IrL lg79 an article published in New Doctor, reporting the work of a Sydney Women's Health

Centre, provided the headline "TENOSYNOVITIS, A crippling new epidemic in industry"

[Walker, 1919]. Although the description of symptoms and signs included most of the

structures of the arm, the term "tenosynovitis" was nevertheless used. The author proposed

that the cause was repetitive movements or sustained contractions. In the article he "postulates"

that the pathology was that of inflammation of tendons and chronic muscle strain. In addition

he claimed that ergonomic defrciencies and poor work organisation were factors involved'
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Over the next few years numerous articles appeared in the populff press. Such headiines as

"Risk in the keyboard" fSmith, 1981] "Repetition Injury: a growing concern" [Gatehouse,

19811 and "'Woman crippled by work wins hope for thousands" [Clarke, 1982] raised public

awareness and concern about what appeared to be a new disease affecting workers in repetitive

types of occupations. Initially the terms "tenosynovitis and tendonitis" were used to describe

the condition. By 1983, however, it was widely accepted that the condition did not appear to

be localised to the tendons and so more general terms came to be used. These included the term

which has become the most controversial, Repetition Strain Ittjury (RSI), as well as numerous

others such as Overuse Injury, Occupation Overuse Syndrome, Regional Pain Syndrome,

Reversible Fatigue Syndrome. Despite the fact that the tendons rarely appeared to be involved,

the original concept of Walker that the condition was due to pathological changes in tissues at

the site of symptoms was largely followed during that time.

As awareness of the problem became increasingly widespread in the early 1980s, there was a

parallel increase in concern about rises in workers compensation costs. [Thomas, 1982,

"Compo: why costs are so high."] and [Kissane, 1985, "RSI"]. Epidemiological observations

based on the figures from state workers compensation statistics indicated that the incidence of

the problem was dramatically increasing, "Keyboard cripples: the avalanche looms."

[Kavanagh, 1984]. V/ith this came a drive for increased understanding and a call for research

into this puzzling phenomenon. A number of anomalous features became apparent and

alternative theories relating to the nature of the pathological processes involved were developed.

These were first presented at scientific meetings, and because of the high public interest in the

problem at that time, were subsequently reported in the public press.

The work of Quintner and Elvey was reported in the Sydney Morning Herald, June 1, 1985.

The article "A pain in the arm is a pain in the neck" described their theory that the origin of

symptoms was not the muscle or tendons but was due to tethering of the neural structures in the

arm and brachial plexus.

At a seminar in Sydney in 1981, Lucire first presented her theory of RSI as a psychiatric

condition due to conversion neurosis. She was reported in "The Australian" of December 10,

1985, "Scare tactics cripple the unwary". The hypothesis that she put forward was that the

primary source of symptoms was conversion neurosis and that the epidemic was a form of

mass hysteria.

2.3. Upper-limb pain in musicians

At the same time there occurred an international increase in interest in the occupational problems

of musicians. This would seem to have been triggered in the first instance by the development

of activity related arm pain in two internationally renowned concert pianists who were t¡eated in

Boston, USA. This led to a paper by Hochberg et al in the Journal of the American Medical
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Association, April 1983 lHochberg et al, 1983]. Here they reported a series of 100 musicians

simiiarly affected. In 1983 in Australia an interested group of doctors formed the "Performing

Arts Medicine Society", leading to a series of meetings and seminars in both Melbourne and

Sydney. This society initiated two studies to investigate the medical problems of musicians in

Australia.

The first study was based in Sydney, Australia, and was reported by Owen in the new Journal

of Occupational Health and Safety - ANZ [Owen, 1985a]. Owen reported on his personal

assessment of 110 musicians with upper-Iimb pain. He found that although "violinists and

pianists made up the majority" of cases "all musical instruments were seen [o induce specific

repetition strain injuries peculiar to that instrument". As a consequence of his findings he

contended that "music can be a physically damaging occupation". The second study was

undertaken by Hunter Fry and involved a survey of musicians throughout Australia. The early

results of this study were first reported in the popular press by Burnbauer in "The Age",

December 1985, in "music charms failed to soothe savage breast". He surveyed a series of

over 900 musicians from six symphony orchestras and nine music schools by personal

interview and examination. He found that over 4OVo of the musicians in his survey were

experiencing upper-limb pain of some consequence.

In October 1985 a seminar on medical problems of musicians was run by the International

Conference of Symphony and Opera Musicians in San Francisco, USA. At this seminar it

became clear that the problem of upper limb pain associated with their occupational activity was

coÍrmon amongst musicians throughout the world.

2.4. The Medical Journals

Prior to the commencement of this study there were only 5 peer reviewed articles published

directly reiating to the Australian problem. Atl but one of these took the point of view that the

cause of symptoms was due to some pathological process occurring locai to the area where

symptoms occurred. In contrast to this there were 44 letters to the editor in the Medical Journal

of Australia alone, where a wide range of opinions and theories were presented.

2.4.1. Peer reviewed art¡cles

The first peer-reviewed article in the medical literature relating to the Australian epidemic

appeared in the Medical Journal of Australia, December 1983, by William Stone. He described

a series of 100 patients with repetitive strain injury and related their symptoms directly to their

employment. He described the condition as a collection of different diagnoses including carpal

tunnel syndrome, tenosynovitis, epicondylitis and ulnar neuritis. He also described a form of

the condition which he catled static strain injuries, where he could not localise the pathology but

did not clarify the relative incidence of the various diagnostic labels he had discussed, He did
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not make any suggestion about the nature of the pathology associated with the non-specific

form.

In March 1984, the occupational repetition strain injuries advisory committee of the Division of

Occupational Health, New South 'Wales Government, Department of Industrial Relations

presented their results in an article of the Medical Journal Association entitied "Occupational

Repetitive Strain Injuries: guideiines for diagnosis and management", [Browne et al, 1984].

'Ihis report recognised the high incidence of this problem in Australia and commented on the

difficulties with terminology, both in the literature and amongst the medical community, in

terms of reporting for the purposes of epidemiological statistics. This aficle again concluded

that the condition was directly attributable to occupational activity and that it was a collection of

various conditions including peritendinitis, tenosynovitis, epicondylitis, peripheral nerve

entrapment as well as a substantial group with pooriy localised discomfort which was attributed

to the long term effects of static muscle loading. The article contained a comment that the

pathology of this non-specifîc form was unclear. It proposed an "arbitrary" three level system

of staging based on the symptoms reported.

stage 1

stageZ

stage 3

Aching and tiredness of the affected limb which
overnight and on days off. There is no significant
nor any physicai signs. This condition can pers
reversible.

Recurrent aching and tiredness which increasingly occur earlier in the work shift
and persist longer. Symptoms fail to settle overnight, causing d_isturbance of sleep
and are associãted with ieduced capacity for repetitive work. Physical signs may
be present. This condition usually persists for months.

Aching, fatigue and weakness persist at rest and pain occ-urs with non-repetitive
movement. Symptoms cause disturbance of sleep. The affected person is unable
to perform üght duties and experiences difficulty with non-occupational / activity
tasks. PhysiCal signs are present. The condition may last from months to years.

The implications of this system of staging was two fold. Those whose problem could be

classified by this grading system were all affected by the same condition at varying degrees of

severity. Progression from less severe to more severe grades was to be expected if appropriate

intervention were not undertaken. The authors concluded that "advanced repetition injury may

mean permanent incapacity for repetitive work".

In the same journal David Ferguson wrote an editorial entitled "The 'New' Industrial Epidemic"

[Ferguson, i984]. He again discussed the problems with terminology. He listed a variety of

specific diagnoses included within the spectrum of conditions labelled by others as RSI but

went on to say that the majority of cases were not of localised syndromes but of a more diffuse

disorder, apparently of muscles. He described the symptoms relating to this non-specific

condition to be those of aching, weakness and tenderness of muscles and listed the various

terms which have been used to describe it including occupational myalgia, myositis, myopathy,

fibrositis, fibromyocitis, muscular rheumatism, non-articular rheumatism, myofascial
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syndrome and tension myalgia. He commented that this syndrome was identifiable from

occupational cramp but with which it may co-exist. He further commented that "although this

ill-defined muscle aching was extraordinarily prevalent, little was known of its aetiology

pathogenesis or pathology". He commented that when the condition became well established it

appeared "to persist despite prolonged rest of the affected pa-rts".

At this stage it became clea¡ that the phenomenon of occupational related hand pain consisted of

a variety of different conditions which had been attributed to excessive occupational activity. In

a number of cases it appeared that this had lead to specific localised pathological changes for

which a specif,rc diagnosis could be attributed. The majority of cases, however, appearecl to be

of a more non-specific nature, without locaiising clinical features. It was this group in which

the pathogenesis and pathology were unknown.

Owen [Owen, 1985b] suggested that previous work looking at muscle changes in the study of

exercise physiology, as well as previous studies of peritendinitis crepitans, had shown

histological muscle changes and concluded that the pathoiogy of RSI was some form of injury

to the muscle tendon unit due to excess of activity.

The American industrial rheumatologist, Norman Hadier, undertook a study tour of Australia in

1985 supported by the World Health Organisation, to study the problem. He took a new

position from the previous authors and questioned the presence of localised pathology. His

conclusion was "that the pathophysiology of the upper extremity use-associated discomfort is

indeterminate and that the symptom complex defies current nosology". He claimed that neither

carpal tunnel syndrome nor tenosynovitis were appropriate diagnoses for this phenomenon and

questioned the causal relationship between activity and symptoms. He formulated the

hypothesis that the problem was a form of "fatigue". Interestingly he seemed to take a

somewhat defeatist attitude to the problem and suggested that "perhaps the underlying

pathophysiology of use-associated arm discomfort is not worth pursuing". Nevertheless he

recognised the workers right to a "comfortable workplace" whether injury or disease was the

cause of discomfort or not. This work was first reported in the American literature [Hadler,

19851 and later in the Medical Journal of Australia [Hadler, 1986b].

2.4.2. Letters to the Editor, Medical Journal of Australia

Although "letters to the editor" do not generally have the rigour or detail of fully fledged peer

reviewed articles, an analysis of the collected correspondence published on the problem of

Occupational Overuse Syndrome in the Medical Journal of Australia gave a number of valuable

insights into the nature and extent of the probiem. The impact of the problem on the medical

profession ín Australia is also demonstrated. The more radical and speculative theories as to

pathophysiology which could not be expected to be presented in the form of an article, could

also be appreciated. The following is a review of this literature (44 letters) in the period leading

page -74-



JWhite, 1995: Chapter 2

up to the conìmencement of this study. The debate which occu1Ted in these letters focused on

the contentious area of Occupational Overuse Syndrome, in particular that of Non-specific

Occupational Overuse SYndrome'

This body of work can be seen as an informal discussion between colleagues over time, in

which different "speakers" put forward their ideas and others repiy either supporting or

criticising those ideas. By anaiysing both the form and content of this discussion it is possible

to gauge the difficulties faced in attempting to comprehend this problem, and in deciding on a

systematic approach with which to undertake research whereby the arguments might be

unravelled.

Analysis of the content of the arguments aliowed the ideas as to pathology to be grouped into 4

main concept areas. Each area also contained a wide diversity of opinion. The following is a

table systematically listing the various ideas with the number of advocates for each' Criticisms

tended to be directed at whole concept areas, those in favour of psychological or absent

pathology arguing against physical pathology and visa versa. The number of critics are

therefore listed against the overall concept area'

Consideration of both the arguments for and against each idea and concept are revealing

2.4.2.1, Physical Pathology

The most coÍìmon opinion favoured the original idea of Walker that the primary cause of pain

was due to some physical pathology. The absence of clinical signs which could localise the site

of pathology to the tendons led to a range of variations on this theme, various possible sites

Main Concept Area Specific Ideas No. ot
Advocates

No. of
Critics

Physical pathology
Musculo-ligamentous pathologY

Direct localised damage or injury
Chronic compartment sYndrome

Pathology of sympathetic nerves
Pathology of peripheral nerves
Fibrositis (Fibromyalgia) / Myofascial Pain
Fiuorosis

19
1

2
1

1

1

5

Psychological pathology
Neurosis unspecified
Compensation neurosis
Conversion Hysteria
Psychosomatic

4
õ
J
2
1

I

Absence of pathology
Simple disbelief
Malingering
Pain due to fatigue

J
J
I

5

Missed pathology
Persistent problems due to the presence of a
missed specific diagnoses.

5
0
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were proposed for the expected pathological changes or injury as required by the most

commonly used but universally scorned terminology, "Repetitive Strain Injury"'

Indeed the first lette¡ to the editor was written by Lowy in December 1983, suggesting that the

pathology might be of the sympathetic nervous system.fl-owy, i983]. Lowy reported personal

clinicai observations of patients with "RSI" and proposed the theory that "many of the

symptoms and signs in occupational overuse and RSI-type disorders result from abnormal

neurovascular activity caused by dysfunction of the autonomic receptors". The observations he

reported include the presence of symptoms such as " pain and burning, paraesthesiae, altered

sensation, restriction of movement, swelling and tenderness" and also in "severe cases'

changes such as discoloration and mottling, hyperhydrosis, temperature alteration, oedema, and

alteration in sensitivity". Stone was asked by the editors to comment on this theory and replied

that such changes were only "infrequently associated" with Repetitive Strain Injury and stated

"No direct link between repetitive strain injury and reflex sympathetic dystrophy is known to

exist" fStone, 1983b December]. Graham and Milis [Graham and Mills, 1984 March],

however, supported Lowy's theory stating "Our experience covering more than 350 cases ...

indicates that sympathetic overactivity in the affected timb is common". Awerbuch [Awerbuch,

1984 Junel subsequently contradicted this, arguing that "signs of sympathetic overactivity are

not synonymous with RSD (reflex sympathetic dystrophy)". "The neurotic patient (hysterical

or otherwise) with an obsessive reluctance to move the limb will invariably demonstrate a cold

blue or dusky upper limb."

Magdulski [Magdulski, 1985 April] commented on the theory espoused by Littlejohn and

reported in the woman's magazine "New Idea" 20lt}l84 that "RSI" is a form of localised

"fibromyalgia" or "myofascial pain syndrome". Unfortunately this proposition did not help

with the task of localising the site of pathology. As recently as 1989 Goldenberg, in a review of

current treatment of fibromyalgia syndrome, stated "fibromyalgia is an idiopathic disorder

which causes chronic pain and manifests few objective clinical features. The basic

pathophysiological abnormalities in fibromyalgia are unknown". [Goldenberg, 1989a]

Schultz fSchulø, 1985, April] proposed that if "RSI' is due to "chronic muscle strain" then the

primary pathology may be that of chronic compartment syndrome. Chronic overuse of muscle

may lead to "muscle hypertrophy within non-stretch fascia". Patkin [Patkin, 1985a September]

reported the work of Quintner and Elvey in which the theory of peripheral nerve tethering was

proposed as the primary pathology. Patkin described the pain of Non-specific Occupational

Overuse Syndrome as "bratiatica", equating it as the upperJimb counter part of lower-limb

sciatica. Smith proposed that "some cases of RSI may result from deposition of apatite crystals

in and around synovial sheaths and tendons" and that this could be caused by excessive fluoride

intake. [Smith, 1985c]
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The common theme of the arguments questioning the theories of physical pathology was

summed up by the statement of Rush. He contended that Non-specifîc Occupational Overuse

Syndrome (RSI) "is a clinical condition the diagnosis of which relies entirely on the patient's

complaints of pain. There are no clinical signs. There are no known pathological features and

there is no satisfactory treatment." [Rush, 1984 October]

2.4.2.2. Psychological Pathology

Biock wrote the first ietter to the editor which cast doubt on the physical pathology theory. He

observed that in cases of Non-specific Occupational Overuse Syndrome, "Stressful personal or

Ieisure activities may continue unabated. Return to work duties neither tiring nor repetitive, is

declined or barely attempted. Resolution has followed on satisfactory court awards." He

denied the possibility that non-traumatic muscle activity could cause damage. "Overuse of

skeletal muscle is prevented by physiological mechanisms." "Repetition is the essence of

conditioning and recovery from fatigue is rapid and total." He asked, "Is RSI an entity or a

figment of vested interests and politics?" Although he did not come to any specific conclusion

as to an alternative pathology the implication from the article was that compensation neurosis

was likely. This opinion was confirmed by Rush who stated "The condition is almost

invariably seen in workers who are making a worker's compensation claim." [Rush, 1984,

Octoberl

Awerbuch also contended that "It is physiologically impossible to cause permanent injury to

striated muscle either by isometric or dynamic movements". He pointed out that "real pain does

not mean real injury". "There may be no physical stimulus for an individual's subjective pain

experience". "The neurotic patient (hysterical or otherwise) with an obsessive reluctance to

move the limb will invariably demonstrate a cold blue or dusþ upper limb." [Awerbuch, 1984,

Junel This writer also did not clearly specifying an alternative pathology. The implication

would seem to be, however, that the primary pathology was conversion hysteria'

Wilson suggested, however, that the non-specific form of Occupational Overuse Syndrome

should be divided into three groups. The first group included those who rapidly responded to

appropriate intervention, he sited four cases. The second group included those with true

ch¡onic physical pathology. The third "would consist of people with significant pre-existing

problems with home iife or work conditions which they are unable to resolve." These cases

"may be more appropriate to explore in terms of social pathology." It is unclear what this

writer meant by "social pathology" but the resolution of psychological conflicts by the

development of physical symptoms seems to imply conversion hysteria. He thus allowed for

the possibility that physical and psychological pathology may occur in different patients.

fWilson, 1985]
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Other writers made general reference to "nervous disorders" and "neurosis" without specif,ic

detail to permit a more specific psychological pathology to be implied. "Are we pandering to a

neurotic Australian work force? Should we drop the term RSI and revert to the old designation

of 'craft neurosis'." [Sharrod, 1985, March] "The use of industrial psychology clinics would

help re motivate people" [Pervan, 1985, April]. "Overseas industrial psychologists over a

decade ago found high incidence of nervous disorders and muscle cramps and spasms in

machine-paced workers especially keyboard operators who lacked personal control in pacing

their work". [Ghosh, 1985, September]

Snell complained that "conditions with a clear clinicopathological pattern (Specific Occupational

Overuse Syndrome) are now all being grouped together with patients exhibiting strange,

diffuse, non-specif,rc pains which they claim a¡e due to repetitive strain." "The psychosomatic

group of patients are increasing in numbers aiarmingiy". [Snell, 1985, January] Snell was

clearly indicating the opinion that the primary pathology of Non-specific Occupational Overuse

Syndrome was psychosomatic.

2.4.2.3. Absence of Pathology

The third concept was that the symptoms of Non-specific Occupational Overuse Syndrome may

occur in the absence of any true pathology, either physical or psychological.

The most famous letter which apparently set out this opinion was that of Awerbuch in which he

proposed to rename RSI as "Kangaroo Pav,r". This letter is unforrunate in that the message was

not at first apparent. The style was sarcastic and mocking and this tended to hide its content.

He stated, "the diagnosis (of Non-specific Occupational Overuse Syndrome) rests on only one

criterion, the complete absence of objective clinical signs of abnormality". "Treatment is by

splintage, compression bandaging and magnetic wave therapy and rest, rest and more rest'

This is the stuff of genius - nay Nobel laureateship". He claimed that the problem is

"perpetuated with the approbation of the medical profession, either through ignorance or avarice

or both." Although on the surface it appeared that he was denying the existence of Non-

specihc Occupational Overuse Syndrome, the full implication is that he was suggesting that the

problem existed only in the minds of the sufferers.

Ackland was more direct in pointing out his disbelief in the existence of "RSI". He indicated

this with the statement that "RSI" could not be a "valid diagnosis" for it "has no surgical

meaning". fAckland, 1985, June] Sinclair stated that "Pain that lasts for months or years,

which is unremitting and refractory to all forms of treatment and is unaccompanied by any sign

whatever, simply cannot be arising from muscles or tendons." Doctors "must not be afraid to

state that no diagnosis is possible if the signs and symptoms do not make normal medical

sense." [sinclair, 1 985, November]
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These opinions seemed to be implying that "RSI" does not exist and this was often the

interpretation placed on them made by the lay public. This interpretation was unfortunate as

these doctors did not doubt the presence of symptoms but only that there was any physical

pathology causing those symptoms.

A more complete denial of the existence of pathology cqne from those writers who implied that

a significant proportion of cases of Non-specific Occupational Overuse Syndrome were in fact

cases of malingering. Cowan suggested, "Might it just be the case that, if not going to work

meant going hungry , all these sufferers would somehow overcome their disabilities?" fCowan,

1984, M^yl

Scarf and Wilcox described the following features which they found to be common to most

cases of Non-specific Occupational Overuse Syndrome. "They often do not seem to have a

strong work ethic, the pain graduaily increases despite treatments and rest and the extent of the

pain does not fit with any sensibie clinicopathological entity. They frequently have well-

developed musculature despite alleged non-use. We often see ingrained dirt on the palms of

these "functionless" limbs. There is commonly a disparity of function observed between

undressing and formal examination. Sometimes glove hypoaesthesia is found." Although not

spelled out, these are the features which all clinicians are taught to associate with feigned

disease.

The final mechanism proposed to explain a source for symptoms without pathology was that of

fatigue. Sinclair compiained that the "Current plague of hearsay and media hype serves only to

frighten honest, well-meaning workers into believing that they will be permanently crippled

from what is nothing more than fatigue pain or postural neuralgia." fSinclair, 1985, November]

2.4.2.4. Missed Pathology

Writers from both the physical [Lowy, 1984, September]fSchultz, 1985, April]fDavies, 1985,

Julyl and the psychologicat [Carey and Moran, 1985, April] pathology ideologies have raised

the point that making the diagnosis of Non-specific Occupational Overuse Syndrome too readily

would have the effect of leading to missed specific diagnoses. Patients with specific conditions

where the pathology is well understood and recognised treatment known to be effective, might

fail to be adequately assessed.

2.4.2.5. Personal criticisms and comments

An interesting feature of this "scientific" debate was the strength of personal feeling expressed

by many of the writers. This was shown with a number of examples. Awerbuch's made

mocking cornments of other's work, "This is the stuff of genius - nay Nobel laureateship".

Magdulski's replied, "Dr. Awerbuch's comments on non-specific RSI are grossly inaccurate.
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In the interests of sufferers and the families ..." Pervan, although he agreed with Awerbuch in

principle, reproached him for "indulgence in pungent wit". The best example of invective was

perhaps Smith's retort to Cowan's proposition that RSI was malingering. Smith suggested that

Cowan's proposition was "probably less of an insult to the intelligence of others that it is a

reflection of his own".

2.4.9. Peer rev¡ewed articles published after the commencement of

this studY.

A number of peer reviewed articles were published soon after the commencement of this study.

Although it was not possible to utilize in this study the detail of the ideas and theories presented

in these papers, previous discussion of the work of these authors in the mass media and the

"letters to the editor" of various journals, allowed aspects of their theories to be considered.

At a semina¡ in Sydney in 1981 Lucire first presented her theory of RSI as a psychiatric

condition due to conversion neurosis, but it was not until October 1986 that her work was first

published in a peer review journal [Lucire, 1936]. She contended that the epidemic of RSI

could be explained by psycho-social phenomena due to epidemic hysteria on the part of patients

and the result of altered medical perception of endemic symptoms within the community. The

reasons she used to justify this were the absence of pathological data and the failure of

predictable recovery with appropriate rest and treatment. She suggested that the majority of

patients with RSI had a pattern of symptoms consistent with psychogenic iliness which could

not be explained by any known pathophysiological mechanism. She referred back to previous

epidemics of occupational related upper limb problems and suggested that these also were due

to conversion neurosis.

Valencia [Valencia, 1936] extended the proposition put forward by Hadler into a formai

hypothesis suggesting that the patho-physiological basis of Non-specific Occupational Overuse

Syndrome may be local muscle fatigue. "The excessive loading of muscles under these

conditions may lead to local muscle fatigue which may, in turn, manifest as pain, localized

discomfort or kinaesthetic dysfunction." "The physioiogical and biochemical changes in the

muscle under contraction, which initiate the events of local muscle fatigue, may provoke the

failure of individual muscle fibres or motor units. Chemoreceptors and mechanoreceptors in

the muscle will convey this information to the central nervous system. Physical discomfort is

the first symptom of muscle fatigue that is perceived." This article does not make it clear

whether the author believed that all the symptoms of Non-specific Occupational Overuse

Syndrome could be attributed to fatigue or that fatigue was simply a precursor to the

pathological changes which are its basis. The title of the article "Local muscle fatigue, a

precursor to RSI?" would seem to suggest the later.
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Research by Quintner and Elvey in Perth, Australia, led them to propose the hypothesis that the

pathology underiying this condition was that of tethering of the peripheral nerves in the upper

Iimbs and neck. They proposed that this occurred as a result of ir¡itation due to repetitive

movements, due to both movement of the nerves within the soft tissue and to release of

metabolites from the surrounding muscles [Eivey and Quintner, 1986].

In the Australian and New Zealand Journal of Surgery, January 1986, Fry described the

presence of consistent patterns of tenderness which, he argued, could be used to identify cases

of overuse syndrome. He stated that "Such signs in the intrinsic muscles of the hand and

ligaments of the wrist joint and carpometacarpal joint of the thumb are vi¡tually diagnostic of

overuse injury." [Fry, 1986a] He presented the findings of his survey of musicians in the

February edition of the Medical Journal of Australia 1986 [Fry, 1986b]. In this he proposed

his own method of staging the severity of the condition according to 5 "arbitrary" grades as

follows,

Grade 1

Grade2

Grade 3

Grade 4

Grade 5

The implications inhe¡ent in this system were the same as those of the staging system of

Browne et al listed above (section 2.4.I) i.e. those with problems classitied by this system

were all affected by the one condition at varying degrees of severity and progression from less

to more severe grades was to be expected if appropriate intervention were not taken.

2.5. Early History Of Occupational Upper-limb Pain ln Australia

Awareness of occupationally associated upper-limb pain in Australia first appeared in an

article by Perrott in 1961 [Perrott, 1961]. He described the problem with an approach to

prevention based on a biomechanical model. He commented that his approach to

management had not previously been applied to the occupational setting although it had

been used in sports medicine. The same year Peres published an article, "Process'Work

Without Strain", [Peres, 1961], where he suggested that the problem resulted from chronic

fatigue due to intense effort, monotony and lack of variety of work. He mentioned that

static muscle loading and poor posture were of significant importance. Prevention based on

Pain in one site brought on by playing the instrument

Pain in two or more sites, difficulty with high workload, possibly some loss of co-
ordination, possibly difficulty wittr 'top' of performance, physical signs present but
minor, or no interference with other uses of the hand'

Pain persists away from the instrument, early involvement of other uses of the
hand, possible lois of co-ordination or strength, phys_ical signs- with-persistent
tenderness of upper limb structures. Student under performs, orchestral player or
concert artist has difficulty with high load.

Pain at rest, pain at night, or both. Pain on most uses of the hand, writing,
driving, houséwork, dressing, hair grooming, but capacity is retained so.lo_ng as

the pain is tolerated. Studenf is under performing, orchestral player is in diff,rculty
witlì normal load.. Established physical signs and disablement.

As for grade 4 but with loss of capacity for those hand-uses described in Grade 4.

Gross physical signs, career stops or is seriously threatened..
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redesign of work practices, early reporting of symptoms and task alteration were

reconìmended. The first population survey was published by Ferguson in 1971 when he

studied musculo tendinous injuries in process workers. He found that the minority of cases

were due to distinct clinical entities and that the majority consisted of poorly defined

symptom complexes involving large areas of the upper limb. It is interesting to note that

Welch, in 1972, stated that tenosynovitis was a problem in factories where light assembly

work was carried out. He went on to say "the peak of the disease was reached in 1963-64.

Since then remedial steps have been taken in most factories and the instance has decreased".

Thus, it can be said that clearly this problem was not new to Australia in the '80s but that it

was Seen and recognised and dealt with, at least to some degree, in the past.

2.6. Historical Recognition Of Occupational Upper-limb Pain

Authors reviewing the past history of this condition have referred to literature over the past 300

years and equated descriptions of occupationally related upper limb pain with the phenomenon

of RSI in Australia [Fry , 1986h][Quintner, 1989a].

The first reported cases were those of Ramazzini in the 18th century [Ramazzini, I7I3].

Velpeau in 1825 again described this condition in association with writing [Velpeau, 1825],

Towards the end of the 19th century there was a considerable amount of literature by authors

such as Poore and Gowers [Poore, 1873]lPoore, 1878][Poore, 1887]fPoore, 1890]fGowers,

19041 discussing limb pain associated with a number of occupations including telegraphy,

writing and also with perfornance of music. Poore classified these types of occupationally

related problems as "Fatigue diseases, in which the constant repetition of some muscular

movement which constitutes the very essence of the trade or handicraft produces an inability to

perform such movement."

During the 20th century, literature describing the condition of peritendinitis crepitans has also

been equated with RSI. Peritendinitis crepitans was first labelled as such by Troell in 1918,

again described by Howard in 1937 [Howard, 19371 and later by Thompson in 1951

[Thompson et al, 1951].

Although the descriptions of the problems in this historical literature certainiy referred to upper

limb discomfort associated with occupational activity, care should be taken before equating

these problems with the phenomenon of "RSI" as it was described in Australia in the early

1980's. All that can realiy be said is that discomfort associated with repetitive or continuous

occupational activity has been recognised for centuries.

2.7. lnternational Recognition Of Occupational Upper-limb Pain
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In the more recent international literature there are aiso alarge number of articles describing

activity-related upper limb discomfort. In this literature a variety of different terms have been

used and this would seem to have confused the issue concerning whether the phenomenon

which has occurred in Australia is in fact present in other countries. The Scandinavian [Waris,

I979al[Kvarnstrom & Hallden, 1983] and Japanese [Maeda, 1977]fAoyama, 1919]

[Matsumoto & Murakami, 1981]tMiyame, 19821 literature has tended to use the term

occupational cervico brachial disorder. The United States literature has used the term

cumulative trauma disorder. [Armstrong et al, 1982][Fine et al, 1986]lsilverstein et al, 1986]

In the late 1960s Japanese researchers began to investigate occupational cervico brachial

disorder in a number of occupational groups including cash register operators, industrial

workers, hlm rollers, creche attendants, nurses, keyboard operators, telephone operators and

clerks. Their research was essentially descriptive and did not lead to the identification of a

specific pathology. Management of the condition focused on prevention, with the identification

of ergonomic improvements required in the work place. During the 1970s there was

considerable work done in Sweden investigating what appears to be a similar condition. A

survey of cashiers in supermarkets, done in Canada and reported in 1985, indicated that 62Vo of.

cashiers experienced general fatigue and l4.9Vo reported severe fatigue. An article in The

Guardian of March 1985 reported a study of British Telecom workers in Cardiff where over

50Vo of. workers suffered with discomfort associated with their activity.

Consideration of this international literature makes it clear that the phenomenon of occupational

upper-limb pain associated with activity was not uniquely Australian as had been claimed by

Awerbuch [Awerbuch, 1985].

2.8. Summary

In summary, the literature indicates that the problem of activity related pain is a major probiem

in Australia and overseas, and that the understanding of the condition is confused due to the

variety and disparity of terminology used by different researchers. There is general consensus,

however, that only a small percentage of cases are due to specific identifiable pathological

conditions and that the majority of cases are due to a non-specific condition in which no

previously understood pathology has been identified. Although this condition has been given a

large number of different labels, the term Non-specific Occupational Overuse Syndrome has

been chosen for the purposes of this thesis. There is evidence that epidemics of this condition

(temporary marked increases in incidence) have occurred at different times in different countries

but that these have occurred in the context of an endemic base iine incidence. It is also accepted

that established cases provide a major management problem and that recovery from the

condition in such cases is slow.
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Authors from all points of view have recognised that, when assessing apparent non-specific

upper-limb pain the differential diagnosis, including all forms of Specific Occupational Overuse

Syndrome, should be carefully considered and adequate history and examination with

appropriate investigations should be performed. If the diagnosis of Non-specific Occupational

Overuse Syndrome (by any name) were made too readily, no matter which pathology was

assumed, there would be potential for delay in making the correct diagnosis and consequently

delay in providing the most appropriate treatment'

Beyond this basic level of agreement there is, however, a marked disparity of opinion regarding

the nature of the Non-specific Occupational Overuse Syndrome. As is to be expected, where

there are a number of conflicting theories, there are also a number of features of the condition

which are accepted by some and rejected by others. Although some resea.rchers suggest that the

non-specific form of Occupational Overuse Syndrome is simply a collection of yet to be defined

different conditions, the majority of those who have investigated the condition accept that it is,

in fact, a single process but debate the nature of this process. There is considerable

disagreement about whether or not there are, in fact, consistent physical features on the basis of

clinical examination. Some writers say that the clinical findings are inconsistent [Lucire,

19861, others however, express the opinion that, although the clinical features do not suggest

previously described pathology, they are internally consistent and demonstrate the presence of

the physical process [Fry, 1986a]. Yet another group argues that the condition occurs in

association with work dissatisfaction and boring jobs and that this is in fact a consistent feature

[Ireland, 1986a]. There is also considerable debate over whether the condition can truly be said

to be associated with excessive activity'

The range of theories proposed cover the range of possible anatomical sites which might cause

pain anywhere from the peripheral tissues involved in activity to the psyche. Heated debate has

been generated between the advocates of the va¡ious theories. The fiercest controversy can be

seen between what appears to be two factions. These two factions can be identified according

to the focus of their theories and amount to those arguing for and those arguing against the

presence of physical pathology. The site of pathology for the physical pathology theories is in

either the muscle tendon unit, in the neural structures of the upper limb or was due to an

aberration of the central pain control mechanisms (fibromyalgia theory). The "no physical

pathology" faction includes those favouring the psychological theories of conversion hysteria,

compensation neurosis, and malingering (conscious pretence of pain) and those advocating

various expressions of normal physiological fatigue as the source of symptoms. It is
interesting to note that this battle line also equates with the medico-legal battle line of employer

versus employee. Can this diversity of opinion and strength of feeling expressed in the context

of a logical scientific debate be ascribed solely to the conflict between empioyer and employee?

Consideration of Kuhn's treatise on "The Structure of Scientific Revolutions" [Kuhn, 1970]

allows an alternative or perhaps additional explanation for this.
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Kuhn studied historical examples of scientific periods where a particulil phenomenon did not

have a widely accepted explanation. He described such a period as one where there was no

accepted paradigm within which to operate. Research during such a period he has called "pre-

paradigm" research. He found that the social interactions between researchers and the methods

they could employ at those times were significantly different from later periods when some

specific explanation has been accepted by the scientific co.mmunity as a whole. The research is

then being undertaken from within a defined paradigm.

The state of scientif,rc knowledge in relation to Non-specific Occupational Overuse Syndrome

remains at the stage which Kuhn would label as "pre-paradigm", where no single theory has yet

been widely accepted to explain the condition. He states that in assessing pre-paradigm

research "though the fieid's practitioners were scientists, the net result of their activity was

something less than science. Being able to take no common body of belief for granted, each

writer felt forced to build his field anew from its foundations." "Early fact gathering is a far

more nearly random activity than the one that subsequent scientific development makes

familiar", that is, after a single paradigm has become established'

Kuhn's description of pre-paradigm research seems to closely describe current research into

occupational overuse syndrome. This is not at all a criticism of the work involved in the current

research into Non-specific Occupational Overuse Syndrome but more an attempt to understand

the process which is taking place. 'When no individual theory proposed to explain a

phenomenon has been accepted by the body of scientists working in that area, then research

must be exploratory rather than focused. History has shown that in this situation numerous

contradictory hypotheses will be developed with associated heated scientific debate. This is,

thus, an explanation for the diversity of ideas as well as for the heated discussion observed in

the medical literature.

From this perspective it can be seen that research into Non-specific Occupational Overuse

Syndrome continues in a context of what might be termed epistemological indeterminacy - the

precise nature of the phenomena involved, the conceptual categories required and what

constitutes evidence and adequate explanation all remain as yet uncertain and contested. In this

context, it is often necessary to weigh up the epistemological status of the presuppositions,

claims and conclusions of other researchers, to attempt to determine how they are derived, by

what evidence they ale supported and how thoroughly they have been tested.

The notion of "normality" or the "normal" is one of the concepts put at issue by the

Occupational Overuse Syndrome literature. The point at which the line should be drawn

between "normal" populations and those seen as "affected" by the overuse syndrome is one

area of controversy and theoretical contestation. Care should be taken, therefore, to define

specifically what is meant by "normal" in each instance and to refer the usage back to the basic
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sense of conformity with, or non deviation from the regular, the usual or the standard. 1 A
number of authors use assumptions about what constitutes normality in order to draw

conclusions about the nature of the pathology, as it is seen to affect those who are taken to be

suffering from non-specif,rc upper-limb pain.

Sinclair stated that "Pain that lasts for months or years, which is unremitting and refractory to

all forms of treatment and is unaccompanied by any sign whatever, simply cannot be arising

from muscles or tendons." Doctors "must not be afraid to state that no diagnosis is possible if
the signs and symptoms do not make normal medical sense." [Sinclair, 1985, November]

In their book "Myofascial Pain and Dysfunction", Travell and Simons make a direct statement

of their basic assumption of the nature of "normal" muscles. "Normal muscles do not contain

Trigger Points. Normal muscles have no taut bands of muscle fibers, are not tender to firm

palpation". [Travell and Simons, 1983a]

Fry in his description of "Physical signs in the hand and wrist seen in the overuse injury

syndrome of the upper limb" states "In the normal uninjured hand, squeezing the intrinsic

muscles between the surgeon's thumb and fingers is not painful." [Fry, 1986a]

The next chapter describes the development of a study designed to coilect data with which a set

of hypotheses selected from those implied by the current theories of pathology can be tested,

using systematic collection of clinical information from a set of patients and controls.

1. Normal : constituting, conforming to, not deviating or differing from a type or standard, regular, usual.

(Shorter Oxford English Dictionary)
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Ghapter 3. Methods

3.1. Study type.

At the time when this study was being designed, the nature of the Non-specif,rc Occupational

Overuse Syndrome had for a number of years been the subject of a wide ranging debate. The

theories regarding its pathophysiology were, and stiil temain, as different as the proposed

methods of treatment. The state of scientific knowledge in relation to Non-specific

Occupational Overuse Syndrome was, and indeed remains, at the stage which Kuhn [Kuhn,

1910) would label as "pre-paradigm" where no single theory has yet been widely accepted to

explain the condition. Kuhn argues that when no individual theory proposed to explain a

phenomenon has succeeded adequately to convince the body of scientists working in that area,

then research must be exploratory rather than focused.

In 1986, when this study was set up to investigate Non-specific Occupational Overuse

Syndrome, none of the current theories seemed particularly compelling, as would be expected

from an analysis of the literature in a "pre-paradigm" period. The aspects of the debate which

did seem to be worth investigating were:

1. The diversity of theories

2. The absence of studies looking at features which were considered to be characteristic of

Non-specific Occupational Overuse Syndrome in normal / unaffected individuals.

3. The absence of prospective studies.

Consequently, this study was designed to ailow a wide ranging exploration of the evidence

available from routine clinical assessment and to discover from this whether the basic methods

of medical practice, when applied systematically, would provide any evidence for or against the

various theories which have been proposed. It was decided that a suitable group of normal

individuals should be inciuded to permit the evaluation of the normal characteristics of such

features as tenderness and grip strength, and to establish a prospective component to the study.

This would allow some assessment of the risk associated with features considered to be

aetiolo gically important.
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3.2. Aims

3.2.1. Primary Aim.

The aim of the study was to investigate the previous theories , to either confirm the validity of

one or more of them or, by means of this testing process, develop an alternative theory.

3.2.2. Secondary Aim.

The secondary objectives were to discover whether or not any of the clinical variables collected

as part of the study had any value in predicting who was likely to deveiop the Non-specific

Occupational Overuse Syndrome and to develop a systematic approach to its management.

3.3. Hvpotheses to be tested.
(These were tested individually and were not necessariiy considered to be mutually compatible)

From the various assumptions and theories concerning the Non-specific Occupational Overuse

Syndrome which were extracted from the iite¡ature, the following set of hypotheses was

selected for the investigation.

1. That the musculo-skeletal structures of normal individuals are non-tender.

2. That the musculo-skeletal structures of normal individuals are not painful.

3. That activities associated with higher levels of upper-limb activity are associated with a

higher prevalence of symptoms consistent with a diagnosis of Non-specific Occupational

Overuse Syndrome

4. Change in activity levels increases risk of Non-specific Occupational Overuse Syndrome.

5. That routine clinical examination is able to discriminate, on the basis of the presence of

tender sites, between those with Non-specific Occupational Overuse Syndrome and those

not affected.

6. That the majority of cases of Non-specific Occupational Overuse Syndrome are caused by a

single process.

7. Presence of tender sites increases the risk of later development of Non-specific Occupational

Overuse Syndrome.
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8. "Inconsequential" symptoms increase the risk of developing "Consequential" symptoms of
Non-specific Occupational Overuse Syndrome.

9. Increased physical fitness decreases risk of Non-specific Occupational Overuse Syndrome

10. Certain physical attributes increase risk of Non-specihc Occupational Overuse Syndrome.

11. High Activity levels increase risk of Non-specific Occupational Overuse Syndrome.

12. Psychological tendencies increase risk of Non-specific Occupational Overuse Syndrome

3.4. Study setting.

This study was undertaken within the Royal Adelaide Hospital Orthopaedic Hand and Upper-

limb Clinic in association with the University Health Service at the University of Adelaide.

Subjects for study were taken from the normai working activity of these two clinical areas.

Prior to 1988, at the time that the initial data was collected, the University of Adelaide provided

a free health check at its University Health Service for all first year students. The aim of the

health check was twofold.
. Firstly, educational to inform students of the different medical, counselling and sporting

facilities available in the university and to discuss the possible health hazards associated with

their specific disciplines.

. Secondly, as a screening process directed towards the preventive goal of identifying students

with either pre-existing conditions or risk factors, who might have benefited from early

intervention to prevent later problems.

The health check consisted of detaiied history and physical examination according to a set

protocol and a series of standa¡dised psychological screening questionnaires. For the purposes

of this study, a systematic examination for sites of upper limb tenderness was added to the

routine physical examination.

Those students who presented for this routine health check and who could be considered

"normal individuals" in that they did not have symptoms associated with activity of any

consequence, were allocated to the control group for the purposes of the Cross-sectional and

Case-control parts of the study. The music students from this control group were utilized for

the longitudinal prospective part of the study. Subjects classified as having Non-specific

Occupational Overuse Syndrome were taken from patients who presented with activity related

upper-limb problems to either the Orthopaedic Hand and Upper-limb Clinic or the University

Health Service. The patients who presented to the University Health Service and whose

problems were not solved within the first 2 to 3 visits were referred to the Orthopaedic Hand

and Upper-limb Clinic for continued treatment under specialist supervision.
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3.5. Populations studied

All Instrumental Music Students and a random selection of students from other disciplines,

presenting over a two year period for the routine health check, were assessed. The Music

Students were followed up during the subsequent two years. This provided a suitable sample

from which the prevalence of the various sub-classifications of Occupational Overuse

Syndrome could be estimated for a population of first year university students, comparing

musicians with non-musicians.

The prevalence of "Consequential" symptoms was not expected to be high in the first year

university student population and so all individuals who presented at either the University

Health Service or the Royal Adelaide Hospital Orthopaedic Hand and Upper limb Clinic,

seeking treatment for symptoms consistent with the Occupational Overuse Syndrome, were

assessed for the study over a four year period. This increased the number of subjects with
"Consequential" symptoms wtrich were included in the study, enabling statistical comparisons

to be made between individuals with different sub-classifications of Non-specific Occupational

Overuse Syndrome .

Three populations of subjects could be identified:

Population 1 = Normal Music Students (NMS n=95)

An attempt was made to collect data over a two year period from every undergraduate music

student who was enrolled for the first time at the University. All health checks for music

students were used in the study. Seven (7) students chose not to have the health check.

Population 2 = Normal students from Other Faculties (NOF n=53)

The author also worked as one of the doctors in the University Health Service and took his

share of routine health checks for students from faculties other than music. A sequential sample

from these health checks provided "normal" individuals which were used as a second control

group for comparison.

oeriod.

Population 3 = Patients classified as suffering from isolated Non-specific Occupational

Overuse Syndrome (Non-specific Occupational Overuse Syndrome with "Consequential"

symptoms n=29)

During the study period the author had a clinical commitment to both the University Health

Service and the Orthopaedic Hand and Upper-limb Clinic, with a share of the clinical work load

under the supervision of the director of the University Health Service and the senior consultant
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at the Orthopaedic Hand and Upper-limb Clinic respectively. It was the author's specific

responsibility to assess and treat those patients who presented with activity related pain. Those

who were classified as suffering from isolated Non-specif,rc Occupational Overuse Syndrome

were included in this population goup. Twenly seven (21) patients with activity related upper-

limb pain were found to have specific diagnoses.

3.6. Time constraints

This setting imposed certain constraints on the study.

As the data was collected during the normal clinical sessions of both the University Health

Service and the Orthopaedic Hand and Upper-limb Clinic there was a time constraint limiting

both the range of information and the detail that could be collected during the assessment of

subjects.

Time constraint occurred for the following reasons.

1. The University Health Service "health check" was based on a standardised form in routine

use by the University Health Service for several years {see appendix A}, and was expected to

take approximately 20 minutes to administer. This was the health check which had to be used

for Population 2. The only additional information relevant to this study which could be

collected within this frame-work was a systematic examination for tender sites in the upper-

limbs.

2. The standard health check had been modified in the past for other faculties such as medicine

and dentistry and so specific modifications particularly relevant to the music faculty were

considered appropriate {see Appendix B and C}. A time constraint of 40 minutes was set to

permit these added modifications. This was the maximum iength of time considered reasonable

for both the students expectations and the normal flow of clinical work within the University

Health Service. This was instrumental in limiting the choice of the information which could be

collected for Population 2.

3. The patients who made up Population 3 were assessed as part of the normal clinical

proceedings of the University Health Service and the Orthopaedic Hand and Upper-limb Clinic.

Both areas had a high clinical work load and so assessment was limited to that appropriate for

accepted ctinical practise of these areas. The only addition to this was a systematic examination

for tender sites in the upper-limbs.
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3.7. Research designs.

The study was undertaken in three phases.

1. A cross-sectional anaiysis of first year university students

The study selection procedure meant that among the subjects were a large number of

Instrumental Musicians. Consequently, prevalence comparisons between the occupational

categories of Musician and Non-musician, as well as between the three categories of Non-

specific Occupational Overuse Syndrome, was possible. It also allowed the distribution of

vaiues for the parameters which were considered to be of importance in the assessment of the

Non-specific Occupational Overuse Syndrome to be defined for an unaffected or "normal"

population.

The hypotheses 1 to 3 above were tested by this part of the study

2. A case-control anaiysis including all subjects assessed.

By including a "patient" group, comparison of the differences between cases and appropriate

controls was possible.

The hypotheses 4 to 6 above were tested by this part of the study

3. A Cohort prospective analysis of a subgroup of those initially assessed.

The Instrumental Music Students who did not have "Consequential" symptoms at initial

assessment were followed prospectively for three years to identify differences between those

who subsequently developed "Consequential" Symptoms and those who did not.

Previous research suggested that the incidence of Non-specific Occupational Overuse

Syndrome among music students was between 10 and 30Vo (Fry, 1985, personal

communications), It was for this reason that this select population of students was chosen for a

longitudinal study. They were assessed at the beginning of the course and again at the end of

the thi¡d and final year of their undergraduate studies.

Because all of the students in the music faculty were offe¡ed a special heaith check specifically

modified to be relevant to musicians, it was possible to include the detaii necessary for this

longitudinal part of the study. All the music instrumental students in the study were also asked

to attend an interview and examination at the end of their third year. The goal of the Followup

assessment was to determine which of the students had developed Non-specific Occupational

Overuse Syndrome during their three years of study.

The hypotheses 7 to 12 above were tested by this part of the study.
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3.8. Research procedures.

3.8.1. The standard University Health Service health check

The standard University Health Service health check was used as the basis for all students in

this study. See Appendix A

Preliminary Introduction and Familiarisation

When students arrived at the University Health Service for the health check they were given

literature containing information concerning the university facilities and various topics of

preventive health such smoking, diet, exercise, breast self examination etc.

Nursins Assessment:

They were next seen by the nurse who took an immunisation history and took some basic

physical measurements: Weight, height, Visual acuity, Colour vision, Urinalysis.

Medical Assessment:

The interview and physical examination by the doctor followed. This included:

History:

Physical Examination:

Investigations:

Debriefing:

A general discussion of the services provided by the university was

followed by a structured medical, family, social and

occupationaVeducational history.

A standard screening physical examination was performed.

Chest X-rayÆCG etc were performed if indicated.

A discussion of general health matters of particular relevance to each

student followed. Topics included, diet, smoking, drugs,

contraception, cervical smear tests, self breast examination, physicai

exercise.

If any abnormality was found during the health check it was discussed

with the student. Follow-up was offered either by further review at the

University Health Service, by referral to the student's GP or to a

specialist as selected by the student. A consultant

physician/cardiologist and a consultant psychiatrist attended the

University Heaith Service each week for referral as appropriate.

3.8.2. Modification of the Health Check Non-Music Students

The following modifications to the standard Universiry Health Service health check were made

as part of the medical assessment.

History: Details of activiry related problems were avoided at this time.
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Physical Examination: A number of specif,rc details were added to this: Assessment of posture

and hypermobility. A systematic examination for sites of tenderness of

the upper-limbs.

Debriefing: Following the physical examination a structured questionnaire was

given to discover any history of activity related problems.

3.8.3. Modification of the Health Check for Music Students

The standard University Health Service heaith check was redesigned specifically for the

purposes of this study and also to cover other aspects of preventive medicine of particular

relevance to musicians. See Appendix B and C The assessment followed this altered format.

Additions to the standard University Health Service health check used for this group.

Preliminary Introduction and Familiarisation

On arrival the student was also asked to till in a set of psychologicai questionnaires.

The General Health Questionnaire (GHO assessing neurotic tendencies [Goldberg, 1972]

The "Trait" section from the Spielberger State Trait Anxiety Inventory (STAI) assessing

tendency to be anxious [Spielberger et aI,1970)

The Illness Behaviour Questionnaire (IBQ) assessing aspects of illness behaviour [Pilowsky &

Spence, 19831

Nursins Assessment:

When seen by the nurse an Audio-gram was also performed.

Medical assessment:

The interview and physical examination by the doctor was modified as follows:

History:

Physical Examination

Investigations

Debriefing:

Details of activity related problems were avoided at this time.

A number of measurements were added to the standard examination:

Assessment of posture and hypermobility. A systematic examination

for sites of tenderness of the upper-limbs. Hand Span, thumb tip to

little finger tip. Hand grip strength (Jamar dynamometer) and pinch

strength (Martin Vigorimeter). Dexterity Test (Maximal tap rate)'

Aerobic fitness Y OZmax. (McArdle Step Test) [McArdle, 1973]

Chest X-rayÆCG etc were performed if indicated.

Foilowing the physical examination a structured questionnaire to

discover any history of activity related problems was then given.
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3.8.4. Assessment of pat¡ents.

Routine medical history and physical examination appropriate to the patient's problem was

taken. In addition, a systematic examination for sites of tenderness of the upper-limbs was

performed. Investigations performed as appropriate included: CBP, ESR, Rh Factor,

ANF/Anti DNA, Plain X-ray, Fluoroscopic Controlled Arthrogram, EMG/|{CS.

3.8.5. Followup assessment of Music Students.

An attempt to reassess all the music students by personal interview at the end of three years of

study was made. Only 2 who had moved interstate were unable to be contacted. If it was not

possible to see them in person an attempt to interview them by phone was made. The primary

goal was to discover which of the students had developed activity related symptoms during

their studies. The secondary goal was to collect additional data which might throw further light

on the hypotheses being tested.

Students were contacted by phone. They were told that the University Health Service were

conducting a survey investigating the types of medical problems that affect music students and

asked to attend an interview. If they were living too far from the University ie. inter-state/

overseas or if they were unwilling to attend in person they were asked if they would mind

answering a few questions by phone.

3.9. Measures taken to reduce assessor b¡as.

1. lnitial assessment of populations one and two (the control subjects):

. A standard history was taken, holvever, questions relating to activity related

symptoms were initially avoided.

. Complete physical examination, inciuding examination for tender sites, was

performed, after which a series of standard questions relating to activity related

symptoms was asked.

The modification of the routine process of history and examination was made to minimise

potentiai assessor bias during physical examination. It was considered possible that knowledge

of activity related symptoms may have affected the assessor's expectations during physical

examinaúon.

2. Followup assessment of music students:

The data collected during the initial assessment was not collated or analysed until after the

followup assessment was made. In this way the potential effect of knowledge of the initial
values of variables on decisions of followup classification would be minimised.
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3.10. Definition of Outcome Variable

At each assessment, subjects were allocated to one of the diagnostic categories of Occupational

Overuse Syndrome as defined in this section. Thus, the primary outcome variable of this study

is this diagnostic classification of the Occupational Overuse Syndrome.

It is important to note the differences between the system of classification def,rned and used in

this study and the systems found in the existing literature. The sub-categories formulated in

previous research have all applied to subjects assumed to have Occupational Overuse

Syndrome, they did not include asymptomatic individuals. The sub-categories organised

subjects into different groupings according to severity of Non-specific Occupational Overuse

Syndrome. Their ciassifications relied, at least in part, on some "semi-objective" assessment of

pain, whether in terms of persistence, distribution (the number of sites) or severity. Such a

pain-focussed system of classification was rejected for the purposes of this study as it was

considered unnecessarily complicated and conceptuaily problematic to attempt to assess

differences between individuals with varying degrees of severity of symptoms. Instead it was

decided to simply investigate differences between patients and controls i,e. between sufferers

and non sufferers. It was hoped thereby to avoid the problems associated with a system of

classification which relied on largely subjective parameters. Consequently an attempt was made

to define an outcome va¡iable which was as precise as possible and which did not rely on an

assessment of the severity of symptoms'

A diagnostic process consisting of a three-step system of sub-classif,rcation was developed.

'Firstly, the division was between those with symptoms and those without. That is, subjects

were divided into those who reported experiencing discomfort in association with activify

and those who reported no such discomfort. This made the division between unaffected

individuals and those with Occupational Overuse Syndrome. This diagnostic step,

although obvious, was a necessary part of the process, as sampling was taken from a

population of individuals independent of the presence of symptoms.

. Secondly, the group reporting symptoms was divided into those for whom some specific

diagnosis could be made - i.e. rheumatoid arthritis, triangular fibro cartilage tear at the

wrist - and those for whom no diagnosis could be made. This diagnostic step produced

the division of Occupational Overuse Syndrome into Specific Occupational Overuse

Syndrome and Non-specific Occupational Overuse Syndrome. This part of the

classificatory process reiterates the fact that the diagnosis of Non-specific Occupational

Overuse Syndrome is a diagnosis of exclusion, that is, it is the diagnosis which is applied

when all specific pathological causes of Occupational Overuse Syndrome have been

excluded.
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. Thirdly, those with Non-specific Occupational Overuse Syndrome were divided into two

categories. The reasons for and the details of this final sub-division were as follows.

A number of previous researchers, attempting to ciarify the features of the Non-specific

Occupational Overuse Syndrome, have proposed systems for staging or grading severity

[Browne et al, 1984]lFry, 1986b]. All of these systems have, however, proved to be in some

way problematic or controversial, being criticized by other authors fWright, 1987] because they

were based on symptoms and signs rather than on objective measurements or tests, or because

unproven prognostic value had been placed on the varying levels of staging.

The initiai intention in this study was to avoid the use of any form of subdivision of subjects

classified as having Non-specific Occupational Overuse Syndrome and to simply analyse

differences between affected and unaffected individuals. Howevet, when collecting data early

in the research, it became apparent that there were compelling grounds for making at least a

two-way subdivision of those subjects who were in some way affected.

The research subjects came from two sources: patients who presented to the authors seeking

treatment for pain associated with activity and a control group made up of students who

presented to the University Health Service for the free first year preventive health check-up.

Obviously, the first group of "patients" would be classified as having Occupational Overuse

Syndrome since the syndrome was defined on the basis of the presence of symptoms. But it

was soon discovered that a subsection of the control group also reported having experienced

discomfort or pain associated with activity. There was, however, an important feature

separating the majority of these control-group individuals from the "patients"'

Ca¡eful questioning of the majority of those from the control group who did report symptoms,

indicated a significant difference in the effect of those symptoms from the effect of the

symptoms reported by the patient group. The critical feature of this difference was that the

individuals in the control group who had symptoms found those symptoms to be of no

consequence in that they had felt neither the need to alter thei¡ activities in any way nor to seek

treatment from any third parry such as a doctor or physiotherapist.

Since Non-specific Occupational Overuse Syndrome was defined simply by the presence of

symptoms, both the "patients" and this section of the control-group of individuals fell under

this broad heading. But there were clearly significant differences between the "patients", those

who had felt their symptoms to be of consequence and had accordingly altered their activities

and sought medical intervention and the those members of the control group with symptoms but

who had not been affected by them. The stark difference between the effect of symptoms on

these two groups strongly suggested a difference between them which should not be ignored by

the research design and indeed should be investigated. It seemed likely that the major difference

between the two groups would be the severity of the symptoms, although it was also
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considered possible that this might not be the only difference. The criteria which defined the

two groups did not, however, depend on any assessment of severity. Certainly the group of

individuals who had symptoms which were of no consequence would not have been observed

by clinical studies in which patients are assessed. This group would only be assessed by

studies involving a survey of the wider population in which subjects are assessed independently

of any perceived need for treatment.

Accordingly, the final diagnostic step divides cases of Non-specific Occupational Overuse

Syndrome into two categories, with the division being made on the basis of the effect of the

symptoms on the lives and activities of subjects reporting some degree of activity-related pain.

To make this step of the diagnostic classification of Occupational Overuse Syndrome explicit

and systematic, symptoms associated with Non-specifrc Occupational Overuse Syndrome were

defined as either "Inconsequential" or "Consequential". "Inconsequential" symptoms were

those which were of no consequence in that they did not cause the individual to seek

intervention from a third party such as a doctor or physiotherapist, nor did the symptoms affect

their activities in any way. "Consequential" symptoms were defined as being of some

consequence by either inducing the individual to seek help or by affecting the activity involved

in some way. Thus, the third diagnostic step in the classification of Occupational Overuse

Syndrome involved the division of individuals classified as Non-specif,ic Occupational Overuse

Syndrome into two further sub-categories according to whether their symptoms were

"Inconsequential" or "Consequential".

To avoid any ambiguity, a precise definition of "Inconsequential" and "Consequential"

symptoms was established as follows:

Non-specific Occupational Overuse Syndrome with

Symptoms

r'Inconseouentialtt

Individuals who reported symptoms of pain or discomfort associated with activity for whom no

diagnosis had been made and for whom the symptoms were of no consequence were def,rned

as having "Inconsequential Symptoms".

"symptoms of no consequence" was defined to mean that both of the following occurred.

. The experience of symptoms did not result in a change of the normal routine of activities -

the symptoms did not interfere with the continuation of activity'

. As a result of experiencing the symptoms the individuals did not seek intervention from any

third party such as a d.octor or physiotherapist.
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Non-specific Occupational Overuse Syndrome lvith "Consequential" Symptoms

Individuals who reported symptoms of pain or discomfort associated with activity for whom no

diagnosis had been made and for whom the symptoms were of some consequence were

defined as having "Consequential Symptoms".

"symptoms of some consequence" was defined to mean that at least one of the following

occurred

The experience of symptoms did result in a change of normal routine of activities - the

symptoms did interfere with the continuation of activify.

or

As a result of experiencing the symptoms the individuals did seek intervention from a third

parry, such as a doctor or physiotherapist.

This final category, Non-specific Occupational Overuse Syndrome with "Consequential"

Symptoms, roughly equated to all the subjects considered and sub-classified in previous

research, since these researchers had assumed they were classifying people with disease. That

is, they were sub-classifying people who had presented as patients or had been forced to

modify their normal activity in some consequential way and hence would meet the criteria for

inciusion in the "Consequential symptoms" category in this study'

The study departs from, or at least extends, the previous research by including the

"fnconsequential Symptoms" category. Members of this group reported symptoms typically

associated with Non-specific Occupational Overuse Syndrome but had not been consequentially

affected, in the sense defined above, by those symptoms. It is not clear whether previous

researchers would have classed this group with "Inconsequential" symptoms as having Non-

specific Occupational Overuse Syndrome. They have either failed to mention this group or

remained ambiguous as to whether their categories included such subjects'

Both the "Inconsequential" and "Consequential" diagnostic categories were non specific - by

def,rnition there were no objective investigations for determining whether or not the subjects had

a disease. Similarly, no investigations were available for determining degrees of severity of the

disease which might have provided a basis for distinguishing the two categories. However, the

different ways in which they responded to their symptoms, set out above, did provide a clear

basis for establishing a subdivision and these categories operated accordingiy. Such a

difference should be important in terms of medical assessment because it would necessarily

influence approaches to management. In particular, it would not seem appropriate to undertake

invasive investigations for those subjects who were not affected by their symptoms.

Consequently, it appeared necessary to explore systematic differences between these two

categories, and the decision was made to do so by means of clinical assessment. The primary

focus of the study was, however, an investigation of the differences between asymptomatic

individuals and symptomatic individuals, that is, the differences between those in diagnostic
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category "No symptoms" and those with the diagnosis of Non-specif,rc Occupational Overuse

Syndrome. 'With this subdivision of the diagnosis Non-specific Occupational Overuse

Syndrome the study became an investigation comparing the three diagnostic categories, No

symptoms, "Inconsequential" symptoms and "Consequential" symptoms. The study thus

became defined as an investigation as to whether or not there were patterns of variation between

these three categories in terms of symptoms, physical f,rndings and psychological factors. It

was not assumed, however, that there was an ordinal relationship between these three

categories as it was considered important for the analysis to allow for the possibility that there

were complex interactions occurring between factors, leading to the inclusion of an individual

into one or other category. The fourth diagnostic category, Specific Occupational Overuse

Syndrome, was used as the principle exclusion criterion.

The diagnostic algorithm developed for the classification of Occupational Overuse Syndrome

(OOS) is thus presented in graphical form.

Symptoms Absent
(Unaffected)

Specific Diagnosis Made
(Specihc OOS)

Symptoms of
No Consequence

(Non-specific OOS
with Inconsequential

Symptoms)

No Specif,rc Diagnosis
(Non-specific OOS)

Symptoms of
Some Consequence
(Non-specihc OOS
with Consequential

Symptoms)

This produced four possible diagnostic categories as follows:

Diagnostic categories for Occupational Overuse Syndrome:

0. No symptoms / Unaffected individuals: those who denied ever having pain/discomfort
associated with upper-limb activity.

1. Non-specific Occupational Overuse Syndrome with "Inconsequential" symptoms: {These
individuals could be considered "normal" in that the symptoms they experienced did not
cause any functional limitation, nor was there psychological perception of a physical
problem causing them to change their activities. On the other hand they could be
ðonsidered "abnormal" in that they did experience symptoms associated with activity.)

2. Non-specific Occupational Overuse Syndrome with "Consequential" symptoms:

3. Specif,rc Occupational Overuse Syndrome: those who reported pain/discomfort associated
with upper-limb activity in whom a specific diagnosis of the cause of symptoms could be
made.
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It can be seen that this diagnostic classification did not completely overcome the problem of

differentiating between Specific Occupational Overuse Syndrome and Non-specific

Occupational Overuse Syndrome in an epidemiological survey. It was likely that in some of the

individuals in categories 1 and 2 a specific diagnosis could have been made if appropriate

investigations were performed. Use of investigations for individuals in category 1, whether

invasive or not, was not justifiable and so some potential loss of specificity in classification had

to be accepted.

The aim of this study was to investigate the nature of the non-specif,rc form of Occupational

Overuse Syndrome. Only in category 3, Specific Occupational Overuse Syndrome, was e

specific diagnosis present and so individuals classified as diagnostic category 3 were excluded

from the analyses. The other three categories (0 to 2) provided the basis for comparative

analyses of different categories of Non-specific Occupational Overuse Syndrome, that is, "No

Symptoms", "Inconsequential Symptoms" and "Consequential Symptoms". Thus the outcome

measure for this study was the classification into one of these diagnostic categories. Those

classif,red as diagnostic category 3 (Specifrc Occupational Overuse Syndrome) were excluded.

3.11. lnclusion and exclusion criteria.

3.11.1. Populat¡on 1, "Music Students".

All undergraduate music students enrolling for the first time at the University over the specified

two year period were eligible for inclusion. The students from this group who were excluded

from this population for all parts of the study were :

. Those who chose not to have the University Health Service "health check" n=7

. Administrative problems caused the failure to collect some study variable for a few

individuals. Missing data due to this reason is detailed in Appendix G aiong with the

relevant analysis.

. Those who presented with a previous medical history of upper-limb dysfunction which

consequentially interfered with activity and where a specific diagnosis had been made,

that is individuals classified as Consequence of Problem = 3. The presence of a

specific diagnosis excluded them from consideration in the spectrum of individuals

who could be considered as having isolated Non-specific Occupational Overuse

Syndrome. Differences from the control group of individuals would be likely to be due

to their particular specific diagnosis. Excluded n=2

Total excluded from analysis = 9 out of 702 instrumental music students.
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For the purposes of the prospective arm of the study, 2 further groups of students were

excluded.
. Those who would have been included but could not be contacted at the end of the course

to enable a followup assessment to be made. None of the students who were able to be

contacted declined to be assessed. Exciuded n=2.

. Those who presented with a previous medical history of upper-limb dysfunction which

consequentially interfered with activity and with no specific diagnosis, that is

individuals initially classified as Consequence of Problem = 2. These could not be

considered "normal" subjects at the commencement of the study. Excluded n=6

Total additional music students excluded from the prospective analysis = 8 instrumental music

students.

3.11.2. Population 2. "Non-Music Students rr

During the second year of the study the administration of the University of Adelaide decided to

stop providing the free "health check" for first year students. Students from facuities other than

music who were seen by the author for their health check up till this time were eligible for

inclusion. If there had been students from this group with Consequence of Problem = 3 they

would have been excluded.

Excluded n=0 out of 53

3.11.3. Population 3, patients with activity related upper-l¡mb pain.

Patients who presented to either the University Health Service or the Orthopaedic Hand and

Upper-limb Clinic with upper-limb discomfort related to activity were assessed for the study

and were included in this group. lndividuals in this population where necessariiy classified as

Consequence of Problem = 2 or 3. Those classified as Consequence of Problem = 3, that is

those who were given a specific diagnosis as the cause of their problem, were excluded from

the analyses. Exciudedn=27 out of 56

3.12. Measures of study variables.

The standard clinical history and examination, as described in Maileod's Clinical Examination

[Munro & Edwards, 1990], was used as the basis of the clinicai assessment. A standard form

was used during the assessment to ensure collection of certain specific information. Appendix

BandC

Self assessment questionnaires where used for assessment of psychological profiles. Appendix

D, E and F.

Assessment of sites of tenderness was based on standard techniques for the digital palpation of

tenderness. Standard clinical examination only recoûLmends that symptomatic areas, and not
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asymptomatic areas, be examined for tenderness. As the presence of sites of tenderness was

considered by some authors to be of major significance, it was decided to develop a

standardised protocol for its assessment. Thus routine assessment of sites of tenderness in

symptomatic areas was extended to a systematic assessment of tender areas of the upper-limbs,

irrespective of the presence and distribution of symptoms. The protocol developed for this

study was based on the system of examination for tenderness of the upper-limb developed by

Fry Gry, 1985, Personal communications) and presented in part in the Australian New Zealand

Journal of Surgery [Fry, 1986a].

3.12.1. The protocol for assessment of tenderness

The protocol involved a list of sites which were systematically examined in all patients at a

standard pressure which was applied to all sites by digital palpation to illicit tenderness.

The list of areas and associated sites with sequence of examination was as follows:-

Right & Left.

The protocol included initial training of the medical assessors with a pneumatic pressure gauge,

the "Martin Vigorimeter", so that they were able to consistently exert pressure to a maximum of

30-40 KPa on digital palpation. Examination for tenderness at each site was performed with

digital palpation in an area including the whole structure in question. The site was palpated

initiatly with minimal pressure which was rapidly increased until either the patient showed signs

of discomfort or to a maximum of 30-40KPa which ever occurred first. Subjects were asked to

indicate if they experienced discomfort during any of the examination and in particular if one
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Hand & Wrist
4th Inter-digital Cleft
3rd Inter-digital Cleft
2nd Inter-digital Cleft
1st Inter-digital Cleft
Thenar Eminence
Hypo-thenar Eminence
Carpo- metacarpal jnt thumb
Radial Wrist Ligament
UlnaWrist Ligament
Dorsal rù/rist Ligament
Palmar Wrist Ligament.

Forearm & Elbow
Common Extensor Muscle Belly
Common Flexor Muscle Belly
Common Extensor Muscle Origin
Common Flexor Muscle Origin

Upper-arm
Biceps Muscie Belly
Triceps Insertion

Shoulder
Coracoid Process

Neck
Superior Trapezius

A total of 19 sites in 5 areas on each side, giving a total of 38 possible tender sites in 10 areas

for each individual.
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side were more sensitive than the other. If tenderness were found at any pressure from the

lightest of touch to the full 30KPa-40KPa that site was recorded as a tender site. 'With

experience, this examination took less than 5 minutes.

Having defined the protocol to permit the assessment of this variable (presence and number of

upper-limb tender-sites) it was necessary to determine whether or not the variables so measured

had adequate reliability and reproducibility to permit statistical analysis. Subsequent to the

cortmencement of this study, other authors have confirmed that assessment of sites of

tendemess can be shown to demonstrate acceptable inter and intra rater reliability [Reeves et al,

1 9861 lFischer, 1988] lStockstill, 1 989a].

3.12.1 .1. The reliability of the assessment of tenderness.

After the protocol had been developed by Dr. John White (IW) specifically for the study, it was

taught to a colleague at the University Health Service ( Dr. TT). It was then used for severai

months as part of their routine physical examination of patients, in order to gain familiarity with

the technique.

The study of reliability was performed on a group of 25 volunteers. Each subject was

examined during a morning, once by Dr. White and once by Dr. TT in random order. Each

subject was examined again that afternoon by Dr. White. Inter-observer reliability was tested

comparing Dr. White's observations with those of Dr. TT and intra-observer reliability was

tested comparing Dr. White's morning and afternoon observations.

Results

Agreement as to presence or absence of tenderness at a site was compared with the KAPPA

statistic [V/right & Feinstein, I992f. A total of 950 sites (25 patients with 38 sites in each)

were examined during each assessment. The 2x2 tables for inter and intra observer agreement

as to presence oftenderness at a site are:-

Inter-observer comparison
fW am

Non Tender Tender
TT nonTender

Tender
KAPPA = 0.50 (considered to be

Intra-observer comparison

agreement

JW am
Non Tender Tender

fW_pm non Tender
Tender.

KAPPA = 0.13 (considered to be agreement

Agreement as to the number of sites of tenderness in each subject was tested using the Int¡a-

class Cor¡elation Coefficient (ICC)lwright & Feinstein, t992]. The scatter-plot charts and the

ICC for inter and intra observer agreement as to number of tender sites in an individual a¡e:-

101696
46 t01

614 26
68 r82
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This demonsÍates a high degree of agreement between the number of sites of tenderness found

by the same assessor on 2 occasions.

Summary

The inter-observer reiiability results indicated that similar findings could be expected when

different assessors look for sites of upper-limb tenderness, given appropriate training and

experience. The intra-observer reliability results indicated an adequate level of reproducibility

to permit statistical analysis of this variable collected from different subjects by one assessor.

3.12.2. Study var¡ables from the clinical history

The methods of measurement of the study variables are detailed within the frame work of the

assessment process during which they were collected.

A series of specific questions provided the following variables

a Regular aerobic ph)¡sical activity (hours/week). Questions about sport, aerobics etc

permitted calculation of this variable.

Hours per week spent at potential problem-causing activity. (ie music practice),

Questions about music practice, writing, typing etc permitted calculation of this variable.

Upperlimb symptoms associated with activitv. (The Outcome Variable ). After physical

examination, a series of questions were asked to permit coding according the system of

classification of the Occupational Overuse Syndrome as developed above (Section 3.10).

Consideration of possible specific diagnoses was made at all phases of the assessment.

History of change in activif.v at time of symptom onset. If any symptoms were described,

questions concerning the history of onset permitted a decision to be made whether or not

there were any preceding change in the level or type of activity which was associated with

those symptoms. This provided a dichotomous (yes/no) variable'

Details of which activities were associated with symptoms. Specific questioning

regarding the relationship of activities to symptoms was made, to establish whether one

or more activities were involved.

3.12.3. Study variables from clinical exam¡nation.

Posture . During the clinical examination music students were asked to stand upright

with their normal relaxed posture. Posture was assessed by observation of the position

of the neck and shoulders into satisfactory and sub optimal. This provided a

dichotomous variable.

O

o

a

a

a
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Body Mass Index: Calculated as the V/eight (in Kilograms) divided by the Height (in

meters) squared

Upper-limb tenderness . The presence of sites of tenderness was defined using a set

examination protocol which used a specified list of sites irrespective of reported

symptoms as described above.

3.12.4. Study var¡ables from spec¡al tests.

Aerobic Fitness. The standardised McArdle Step test was used to estimate V 02 max.

[McArdle, lgl3l This uses the average heart rate 15 seconds after a three minute

stepping exercise to estimate this variable. During the exercise subjects step up and down

from a standard height step at a fixed rate. In terms of accuracy of prediction, one could

be 95Vo confident that the predicted Y OZmax. would be within +l- I6Vo of the true V 02

max.

Hand dexterity. Maximai tap rate of the right and left index finger, ring finger and wrist.

Each maximal tap rate was measured by asking the subject to keep time with a quartz

controlled metronome and then gradually increasing the metronome rate until the subject

was not able to keep in time. The highest number of beats per minute, where the subject

was abie to keep time, was recorded as the maximal tap late for that appendage.

Hand Span. The subjects where asked to stretch each hand along a line on a sheet of

paper. The position of the tip of the thumb and the tip of the little finger was marked and

the distance between measured in miilimetres.

Grip Strength. The "Jamar" Grip Strength Meter was used to measure grip strength. The

maximum force applied at each of the five settings of the Jamar Grip Strength Meter was

recorded for both the right and left hand.

Pinch Strength. The "Martin Vigorimeter" was used to measure pinch strength. The

maximum thumb to index f,rnger pinch force was recorded for the right and left hand.

a

a

a

a

peak Expiratory Flow Rate. (V/right PEFR meter) .The "Wright" Peak Expiratory Flow

Rate meter was used to measure this simple parameter of respiratory function. The best

of three attempts was recorded as this variable.

3.12.5. Study var¡ables f rom self assessment questionna¡res.

Subjects were asked to complete three standardised psychological self assessment

questionnaires while waiting for the medical assessment.
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Illness Behaviour Ouestionnaire. "The Illness Behaviour Questionnaire (IBQ) was

developed as a self-report instrument to record aspects of illness behaviour, particularly

those attitudes which suggest inappropriate or maladaptive modes of responding to one's

state of health." pilowsky and Spence, 19831 The concept of Abnormal Illness

Behaviour encompasses a number of syndromes where there is a fundamental

discrepancy between objective pathology and the patient's response to it, ie

hypochondriasis, conversion reaction, neurasthenia. The modified form of this

questionnaire adapted for use with all individuals irrespective of the presence or absence

of symptoms was utilised.

This questionnaire provided a measure of seven aspects of illness behaviour. These 7

scales were:
A. General hypochondriasis (GH)
B. Disease conviction (DC)
C. Psychological vs somatic concern (PvSC)
D. Affective inhibition (AI;
E. Affective disturbance or clysphoria (AD)
F. Denial (D)
G.Initability (I)

Extensive testing of reliabiiity and validity has been done by Pilowsþ and Spence.

The three scales which were useci to characterise conversion reaction were Disease

Conviction (DC), Denial (D) and Psychological vs Somatic Concern (PvSC) [Spence et

al, 1985]. The theory that lr{on-specific Occupational Overuse Syndrome is a conversion

reaction would be supported if those who developed Non-specific Occupational Overuse

Syndrome had scores on these th¡ee scales signif,rcantly different from those who did not

develop the problem. Appendix D

T.rail AnxlEly_. The State-Trait Anxiety Inventory, as developed by Spielberger,

Gorsuch and Lushene, consists of two separate 20 item self-report questionnaires

designed to measure two distinct anxiety concepts. "State-Anxiety" is a measure of the

levei of anxiety at a particular moment in time and "Trait-Anxiety" is a measure of an

individual's tendency to respond to psychological stress with different levels of State-

Anxiety. Trait-Anxiety refers to relatively stable individual differences in anxiety

proneness. The Trait Anxiety Inventory was chosen to test the hypothesis that an

increased tendency to anxiety is associated with a higher incidence of Non-specific

Occupational Overuse Syndrome. Appendix E

General Health Questionnaire . The General Health Questionnaire is a self-report

questionnaire which measures a tendency towards neurosis as well as the current level of

psychological stress. This questionnaire was chosen to test the hypothesis that an

increased neurotic tendency is associated with a higher incidence of Non-specific

Occupational Overuse Syndrome' Appendix F

t

o
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The individual variables a¡e listed the
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3.13. Sample size.

Population 1 was expected to be approximately 100 subjects as the yearly intake of music

students was 50. Previously reported incidence of Non-specific Occupational Overuse

Syndrome among music students was between 10 and 30Vo (Fry, personal communications

1985) providing an expected group of 10 to 30 subjects affected by the Non-specific

Occupational Overuse Syndrome in the longitudinal arm of the study.

Population 2 contained all the students from faculties other than music who were appropriately

assessed. The number of 53 students provided a satisfactory sample size for comparison.

Population 3 contained all the patients presenting with activity related symptoms. The number

of 56 patients, 29 with no specific diagnosis, provided a satisfactory sample size for

comparison.

3.14. Analysis.
For the purposes of statistical testing a p value of 0.05 was taken as significant. The computer

programme "StatView 4" was used to perform all statistical analyses except for the test of normal

distribution used for the Psychological Questionnaire Scores which was done with MiniTab.

Hypotheses 1 and 2 werc tested by looking for sites of tenderness and presence of symptoms

amongst members of a normal population. If sites of tendemess or activity related symptoms

were found to occur in members of such a population then either these hypotheses should be

rejected or the nature of normality would have to be reconsidered.

Hypothesis 3 was tested by comparing the prevalence of symptoms between instrumental

musicians and non-musicians with the contingency table Chi Squared statistic.

Hypotheses 4 and 6 were not amenable to formulation of a null hypothesis allowing for

statistical testing. Hypothesis 4 was investigated by calculating the proportion of cases of Non-

specific Occupational Overuse Syndrome in which changes in the intensity of the nature of the

activity immediately preceded the onset of symptoms. Hypothesis 6 required a general

overview of the data to consider whether or not there were similarities between the majority of

the cases of Non-specific Occupationai Overuse Syndrome which would be consistent with a

single process.

Hypothesis 5 was tested:

. by determining whether the presence of tenderness was present in the "unaffected"

individuals.
. by testing the null hypothesis that there would be no difference in the number of tender sites

between the different diagnostic and occupational categories with 2 way Analysis of Variance.

Hypotheses 7 to 12 werc investigated by testing the null hypothesis of no association between

the variable in question and the eventual development of Non-specific Occupational Overuse

Syndrome. The Chi SquareÆisher's Exact Test was used for categorical variables and the

appropriate parametric/non-parametric Analysis of Variance was used for continuous variables.
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Chapter 4. Results

4-1- Int duction

The fact that this study was designed to explore a wide range of factors of potential relevance to
Non-specihc Occupational Overuse Syndrome meant that a large amount of data was collected.
Consideration of the preceding medical literature allowed the definition of a series of specific
hypotheses whose testing might allow the resolution of some of the questions regarding the its
pathophysiology. Study variables were selected from the overall data-set on the basis of their
ability to provide a test for one of the hypotheses selected for investigation. (see section
3.r2.6).

Data was collected from three different populations, using different sampiing techniques and for
different reasons. Sample 1, "Instrumental Music Students", was chosen as previous studies
have found a high incidence of Non-specific Occupationai Overuse Syndrome in instrumental
musicians. V/ith this high incidence, it was likely that a prospective study on members of this
group would include a significant number of individuals who developed the Non-specific
Occupational Overuse Syndrome and so permit the search for pre-morbid risk factors. Sample
2, "Other Students" was included in order to be able to compare the base line findings of
musicians with a more nornal group of individuals. These two groups included individuals
from all categories within the diagnostic classification of Occupational Overuse Syndrome (as

defined in section 3.10), however, the prevalence of "Consequential Symptoms" was small
(8 cases). Sample 3, "Patients presenting for treatment", was included in order to increase the
number of individuals with "Consequential Symptoms", to allow statistical comparisons with
the use of a case-control methodology. Individuals from Sample 3 were, by definition,
classified as having "Consequential Symptoms". This sample contained both instrumental
musicians and non-musicians. In this way, it was possible to collect sufficient numbers to be

abie to analyse the study variables by comparing their values in the occupational categories
"Instrumental musician" cf "Non-musician" and the diagnostic categories defined by the
primary study outcome variable given by the diagnostic classifrcation of Occupational Overuse

Syndrome .

Pertinent aspects of the results and statistical analyses are included in this chapter. Appendix G
contains supplementary statistical tables and is referenced at the appropriate point in this
chapter.
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Samples.

4.2.1. Sample 1, "lnstrumental Music Students',,

All instrumental music students enrolled over a two year period at the University of Adelaide
were eligible for inclusion in this Sample. Those who presented for the "Health Check"
provided by the University Health Service were included. The sampling method for this
Sample could be described as a cohort sample. These students were all included in the
occupational category "Instrumental Musician".

Instrumental Music Students assessed at the beginnine ofcourse 95

Instrumental Music students enrolled during the 2 year period of
data collection who choose not to Dresent for the "Health Check" 7

4.2.2. Sample 2, "Other Students,,.

Students, other than instrumental music students, were random-ly allocated for their "Health
Check" to the different medical officers at the University Health Service. Students who were
assessed by Dr. White in this way were included in this group. The sampling method for this
Sample could be described as a random sample. It might be argued that this sample was not
random in the truly statistical sense, however, it did form an unbiased sample of non-music
students. These were all included in the occupational category ,,Non Musician".

Students 53

4.2.3. Sample 3, "Patients',

Details were collected from individuals who sought treatment and in whom initial symptoms
were consistent with the diagnosis of Occupational Overuse Syndrome during the course of the
study. The primary goal in assessment of these patients was the search for a specific diagnosis
to explain their symptoms. The sampling method for this Sample could be described as a
"patient sample".

Instrumentai Musicians 47
Non 9

All subjects in these Samples were allocated to one of the categories within the diagnostic
classification defined for the Occupational Overuse Syndrome (section 3.10). By def,rnition all
individuals in Sample 3 (patients) were classified as either category 2 (Non-specific
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Occupational Overuse Syndrome with "Consequential Symptoms") or category 3 (Specific

Occupational Overuse Syndrome )

Samples 1 and 2 were chosen so that data on a control group of individuals who did not suffer

from any symptoms associated with activity could be collected. In addition data from these

Samples could also be used to give an indication as to the prevalence of symptoms consistent

with Occupational Overuse Syndrome in those populations.

The contribution from the three Samples to the categories defined by the diagnostic

classification of Occupational Overuse Syndrome are presented. Percentages are included for
Samples I and2. to indicate the associated prevalence estimate.

S 3 can be divided into Instrumental Musicians and Non-musicians.

Non
with

This provided a collection of indivirJuals from the populations of both instrumental musicians

and non-musicians each containing subjects from each of the diagnostic categories.

The sudents classified as either "No Symptoms" or "Inconsequential Symptoms" were used

subsequently as "control" groups. Details of the assessment of these groups were compared

rvith the group in which the diagnosjs of Non-specifrc Occupational Overuse Syndrome with
"Consequential Symptoms" (Occupational Overuse Syndrome category 2)hadbeen made.

Sample l.
Instrumental

Music Students

Sample 2
Other

Students

Sample 3
Patients

'l'otal

No Symptoms (Unaffected) 52 (55Vo) 43 (\IVo) 0 95

Non-specific Occupational Overuse Syndrome
with "Inconsequential Symptoms"

35 (31Vo) E (I5To) 0 43

Non-specific Occupational Overuse Syndrome
with "Consequential Symptoms"

6 (6Vo) 2 (4To) 29 3'7

2 (2Vo) 0r 0To 27 29
Total 95 (IooVo) 53

(I00Vo)
56 204

Patients
Instrumental Musicians

Patients
Non-Musicians

25 4

22 5
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There were 29 individuals for whom a specific diagnosis was made, 2 from the music student

and27 f¡om the t Details of the were as follows

Site of pathology Diagnosis No. of
cases

Ch¡onic cervical soft tissue injury secondary to
Motor Vehicle Accident

3

Calcihc supraspinatus tendonitis I

Neck and Shoulder

Rotator cuff capsulitis 1

Medial epicondylitisElbow I
Dorsal wrist ganglion J

Scapho-lunate instability 2

Triangular fibro-cartilage complex tear 2

deQuervains tenosynovitis I
Stress fracture of pisoform bone 1

Wrist

Traumatic wrist sprain I

OA lst CMCJ thumb 2

Chronic sprain ulnar collateral ligament MCPJ
thumb

1

Trigger finger I

Hand

Ulna neuritis J

Anterior interosseous nerve syndrome I
Digital nerve compression index finger I

Nerve Compression Syndromes

Radial tunnel syndrome 1

Focal dystonia 2Neurological Conditions

Brachial neuritis 1

These 29 individuals in whom a specific diagnosis had been made were not included in the

anaiysis of the features of Non-specif,rc Occupational Overuse Syndrome.

Before any analysis of the differences between the subgroups of Non-specific Occupational

Overuse Syndrome could be made, any effects caused by the differences in content and

sampling for the original three different Samples had to be considered.

4.2.4. Comparison of the demographic details

4.2.4.1. Occupation.

The occupations of the individuals in the three groups are listed in Appendix G, Table 1.

Features of importance are:

1, Sample 2 contains no.Instrumental Musicians.

2. Sample 3 contains 19 Instrumental Music Students, 10 other instrumental musicians and

only 4 non musicians. Both the high school student and the university lecturer (Table 1 ) also

had symptoms directly associated with the performance of musical instruments.
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Within the Instrumental Music Students' group (Sample 1) Appendix G Table 2. lists the

principal instrument played.

Of note, out of the 93 Instrumental Music Students, 45 played a second instrument. Details of

the second instrument are listed in Appendix G Table 3.

Within the Patient group, Sample 3,25 played musical instruments and 4 did not. Appendix G,

Table 4. lists the principal instrument played.

Of these, 10 playecl a second instrument. (Details Appendix G, Table 5)

Clearly the activities undertaken by the musicians and the non-musicians differed. Sample I
and Sample 3 were very similar because of the number of Instrumental Musicians included in

Sample 3. The reason for this is likely to be that musicians at large and the Instrumentai Music

Students in particular were made aware of Dr. 'White's interest in the potential problems of

musicians through the special University Health Service health check designed specifically for

instrumental musicians. When they developed probiems associated with music performance

they therefore sought his opinion.

4.2.4.2. Age

Age at time of Assessment. (statistics in detail. Appendix G, Table 6)

Sample I Sample 2 Sample 3
mean 19.4 20.6 24.6
Std.Dev. 3.2 5.4 7.6

The difference between the means was compared with Analysis of Variance (Details Appendix

G, Table 7) which showed:-

1. that there was no statistically significant difference between the mean age of Sampie 1 and

Sample 2

2. that the difference between the mean age of Sampie 3 and Sample I and 2 was statistically

signif,rcant.

This was to be expected as Sample 3 was taken from the community at large whereas Sample 1

and 2 was taken from lst year University students. Although the difference was statistically

significant the magnitude of the difference in both the absolute value of the means and

magnitude of the range, was not large and was unlikely to affect other comparisons.
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4.2.4.3. Sex,

Sex ratio within the different study samples.

Observed Frequencies for Sex, Study Sample

Samplel Sample2 Sample3 Totals

F

M

63 25 20

30 28 I

67.742 47.170 68.966

32.258 52.830 31.034

108

al

61.714

38.286

Totals 93 53 29 175

Percents of Column Totals for Sex, Study Sample

Samplel Sample2 Sample3 Totals

F

M

Totals 100.000 100.000 100.000 10C.000

The sex ratio of Sample 1 (Instrumental Music Students) was 63:30 Female to Male. This was

consistent with the preponderance of females enrolled in the music faculty.

The sex ratio of Sample 2 was 25:28. This sex ratio was consistent with that which could be

expected from enrolment figures in the university at large. This was statistically different from
Sample 1. (Chi Sq=5.14:p-0.02, tj.etails Table 8)

The sex ratio of Sample 3 was 20:9 F:M. It was not significantly different statisticalty (at the

95Vo Ievel) from Sample 1 or Sample 2. (details Appendix G, Table 9 and 10)

To understand these sex ratio differences Sample 3 was divided into 3 groups, Instrumental

Music Students (n=19), other instrumental musicians (n=10) and non musicians (n=4). The

sex ratio for each group in this division is shown in the following table:-

Instrumental Music
Students

Other Instrumental
Musicians

Non Musicians

,Fþmale 7t 10% 2t 5OVo
Male ót 3I,6TO 3t 3OVo 2 5OTo

It can be seen that the sex latio for the instrumental musicians (both Instrumental Music
Students and Other Instrumental Musicians) in Sampie 3 was similar to Sample 1. For the non

musicians, although there were small numbers, the sex ratio was similar to Sample 2 which also

contained no musicians. Thus, Sample 3 was a collection of both musicians and non

musicians, weighted by numbers towards more musicians. The sex ratio for this group lay
between that for Sample 1 and Sample 2.

Thus the differences in sex ratio across the three Sampies would seem to be due to the

difference in sex ratio between musicians and non-musicians in the population at large. Where

appropriate, sex was controlled for in the analysis of study variables.
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4.2.5. Comparison of demographic details between the analys¡s
subgroups

The three sampling methods were used to collect adequate numbers in each of the subgroups

created by both of the classifications which were to be used for comparisons of the study

variables. These were the Occupational and Diagnostic classifications. Variation in the

demographic details were assessed between the subgroups produced by the categories from

these classifications.

Occupational Classif,rcation

lnstrumental musicians Non-musicians
mean 20.4 2t.2
Std.Dev 4.5 6.4

There was no significant difference in the age of musicians cf non-musicians. (Details Appendix

G, Table 11)

Diagnostic classif,rcation

No Symptoms Inconsequential
Symptoms

Consequential
Symptoms

mean 19.90 19.98 23.38
Std.Dev. 4.04 4.'t'3 1.r4

There was a significant difference in the age between diagnostic categories. (Appendix G, Table

12) (ANOVA p=0.0013). Fisher's post hoc test showed this to be due to the higher mean age

of the "Consequential Symptoms" category. This was to be expected as the majority of subjects

for this category were derived from Sample 3 which showed the same slightly higher mean age.

Sex:

Occupational Classification

As expected from the analysis of the sex ratios in the original samples there was a significant

difference in the sex ratio. (M:F) of musicians (37:81) cf non-musicians (30:27) (Chi Sq. 6.a9

p=0.01; Details Appendix G, Table 13)

Diagnostic classification

There was no significant difference in the sex ratio between diagnostic categories. (Details

Appendix G, Table 14)
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4.3. Cross-sectional Analvsis

The first set of analyses related to the data collected at the initial assessment of individuals from

Sample 1 and 2. Thrc sampling method was that of unbiased selection from a homogeneous

population, that is, universiry students, allowing a cross-sectional analysis to be undertaken

Sample 1 was drawn from the population of first year university students involved in

performance of instrumental music. Sample 2 was drawn from the population of first year

university students who did not play musicai instruments. Sampiing was independent of the

presence of musculo-skeletal symptoms associated with upper-limb activity. The prevalence of

such a problem in these two samples was, thus, likely to be representative of the populations

from which they were drawn. Sample 3 (patients) was drawn on the basis of the presence of
"Consequential Symptoms" and so was not useful in determining the prevalence of such

problems.

4.3.1. The prevalence of individuals reporting symptoms cons¡stent
with Occupational Overuse Syndrome.

The prevaience of musculo-skeletal problems within Sample 1 and Sample 2 gave an indication

of the prevalence in the wider population. The following table lists the number in each

subgroup. This value is expressed as the percentage of the total number included in that

Sample. For the symptomatic subgroups this is an estimate of the prevalence of that diagnostic

category in that occupationai category.
Sample 1.

Instrumental
Music Students

Sample 2
Other

Students
No Symptoms (Unaftêcted) 52 (Ssvo) 43 (\lVo)

Non-specitic Occupational Overuse Syndrome
with "Inconsequential Symptoms"

35 (31Vo) 8 (I5Vo)

Non-specriic Occupational Overuse Syndrome
with "Consequential Symptoms"

6 (6To) 2 (4To)

Specitrc Occupational Overuse Syndrome 2 (ZVo) O (OVo)

Totai 95t IOOVo 53 (IOOVo)

Of particular note was the prevalence of non-specific musculo-skeletal symptoms among

individuals whose activities were not affected by those symptoms and who did not consider

themselves to have an illness. The prevalence of such "Inconsequential Symptoms" among

Instrumental Music Students was3JVo and among Other Students was l5%o.
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Instrumental Music Students (Sample 1) had a higher prevalence of symptoms

consistent with the Non-specific Occupational Overuse Syndrome than Other
Students (Sample 2).

As noted above there was a sex ratio difference, but no age difference, between Sample 1 and

Sample 2.

Analysis for an effect of sex on the prevalence of upper-limb activity symptoms showed no

signif,rcant effect.

(Chi Sq=1.70; p=Q.16; Details Appendix G, Table 15)'.

Analysis of the prevalence of symptoms comparing Instrumental Music Students with Other

Students showed that the Instrumental Music Students did have a higher prevalence of
"Inconsequential Symptoms" which was statistically significant (37.6Vo cf 15.IVo,

Chi Sq.= 7.9, p=Q.QQ5¡. Because of small numbers, analysis including individuals with

"Consequential Symptoms" was not valid. There did, however, seem to be a trend for higher

prevalence of "Consequential Symptoms". (6.5Vo cf 3.8Vo) (Details Appendix G, Table 16)

The difference in prevalence of symptoms between Sample 1 and Sample 2
could be explained by the differences in the activities involved.

The activities associated with symptoms in Sample I included writing and performance on

various musical instruments. The activities associated with symptoms in Sampie 2 included

writing and racket sports. All individuals in Sample 1 and Sample 2 werc involved with writing

as part of their studies. The total numbers involved in racket sports was unknown. Of the 93

Instrumental Music Students 45 played two instruments. The total number of individuals

involved with each instrument was therefore known. Of the 93 Instrumental Music Students 41

reported symptoms, of these 10 associated the symptoms with more than one activity.
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The number of individuals involved in each specified activity and the number of these who

reported symptoms associated with that activity is tabulated in the following table. Because of

the small number involved in the more unusual instruments, prevalence figures were not

calculated in relation to them.

In Sample 2 the symptoms which occuned were associated with writing in 8 out of a total of 10

occasions.

The prevaience, of "Inconsequential Symptoms" associated with writing was the same in both

Sample 1 and Sampie 2 (Chi Sq.=0.000, p>0.9999). (this analysis excludes the group with
"Consequential Symptoms" because of small numbers) (Details see Appendix G, Table 17)

The upper-limb intensive activity coÍrmon to both Sample 1 and Sample 2 (writing) was

associated with the same prevaience of symptoms. The activities with which the subjects in

Sample 1 were involved and with which those in Sample 2 were not (performance of musical

instruments) explained the excess of symptoms noted in Sample i as compared with Sample 2.

Sample 1

(Musicians)
Activity

Total number
involved in

activity

Number reporting
"lnconseouential" symptoms

associated with that Activity
(Prevalence)

Number repofting
"Conseouential" symptoms

associated with that Activity
(Prevalence)

Writing
Piano
Violin
Flute
Clarinet
Guitar
Cello
Percussion
Trumpet
Oboe
Trombone
Double Bass
Organ
Piccolo
Recorder
Viola
Bassoon
Lute
Saxophone

93
53
17
12
8
8

4
4
4
3
3
2

2

2
2

2

1

1

1

12 (13"/")

16 (30%)
4 (24%)

3 (25%)
2 (25%)
3 (38%)

0
1

1

1

0
1

0

0
0

0

0
0
0

1 (1%)

4 (8%)

2 (12%)

0 (o%)

o (o%)

o (o%)

0
0
0
0
0
0

0

0
0

0

0
0

0

Sample 2
(Non-

musicians)
Activity

Total number
involved in

activiiy

Number reporting
"lnconsequential" Symptoms

associated with that Activity
(Prevalence)

Number reporting
"Conseouential" Symptoms

associated with that Activity
(Prevalence)

Writing 53
n nown

6 (11%) 2 (4%)

Racket Sports 2 (N/A) o (N/A)
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of Tenderness in the diff erent diagnostic

The question as to whether or not tenderness may be elicited during the examination of upper-

limb structures of "normal" individuals was investigated by calculating the prevalence of the

presence of tenderness in the control groups derived from Sample 1 and 2. The foliowing table

lists the ratio of the number of individuals with tenderness to the total number in each subgroup;

this ratio is expressed as a percentage (in brackets) giving an estimate of the prevalence of

tenderness in that subgroup.
Sample I.

Instrumental
Music Students

Sample 2
Other

Students
No Symptoms (Unaffected) 29152 (56Vo) 24143 (56Vo)

Non-specific Occupationa.l Overuse Syndrome wrth
"Inconsequential Symptoms"

28135 (80V0) 8/8 (1007o)

Non-specific Occupational Overuse Syndrome wtth
"Consequential Symptoms"

616 (I00Vo) 212 (tolVo)

Of particuiar note was the prevalence of tenderness in the "No Symptoms" category. This was

56Vo for both the Instrumental Music Students and the Other Students who had never

experienced symptoms associated with activity. Further analysis of the phenomenon of

tenderness in these "normal" subgroups is included in the Case-control analysis.

4.4. Case-control Analvsis

The addition of sample 3 increased the numbers of subjects in the "Consequential Symptoms"

category. This meant that the overall sample was not unbiased. In particular, the additional

subjects had been selected on the basis that they were seeking help for the presence of

symptoms that were of some consequence to them (they were patients). Consequently, the

analysis suitable for this combined sample was that of a case-control analysis. In this study, for

reasons discussed above the division between cases and controls remained somewhat blurred

because of the category in the classif,rcation of Non-specific Occupational Overuse Syndrome

labelled "Inconsequential Symptoms". Nevertheless, the aim of this part of the study was to

explore the differences between the three diagnostic categories, "No Symptoms",

"fnconsequential Symptoms" and "Consequential Symptoms", while simultaneously

considering the differences between the two occupational categories "Instrumental Musician" cf

"Non-Musician". The issue as to whether the individuals in the Inconsequentiai Symptoms

category should be considered as cases or controls, will be discussed in subsequent chapters.
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Instrumental
Musicians

Non-
musicians

'fotal

No Symptoms (Unaffected) 52 43 95

Non-specific Occupational Overuse Syndrome
with "Inconsequential Symptoms"

35 8

Non-specif,rc Occupational Overuse Syndrome
with "Consequential Symptoms"

3I 6

Total 118 57 t75

JWhite, 1995: Chapter 4

Thus, the distribution of the numbers of subjects in each of the subgroups which were used for

the Case-Control analysis was:

4.4.1. Features of the history

The features of the history which were considered to be of interest werel

1. The relationship between activity and symptoms.

2.The site and extent of symptoms

4.4.1.1. Relationship between activity and symptoms.

The onset of symptoms was associated with a recent modif,rcation to or change in intensitv of

the associated activity.

The history involved specihc questioning concerning the onset of symptoms.

Number (percentage) reporting recent modification to or increase in intensity of the associated

activity is given in the following table:-

There were 43 individuals classified as having "Inconsequential Symptoms", 15 of these

recalled a recent modification to, or change in intensity of the associated activity (35Vo). There

were 37 individuals classified as having "Consequential Symptoms", 20 of these recalled a

recent modification to, or change in intensity of the associated activity (54Vo). The difference

between diagnostic categories, however, was not statistically significant. (Fisher's Exact p-

Value = 0.11) (Detail Appendix G, Table 18)

Analysis of individuals with symptoms comparing musicians with non-musicians indicated that

more musicians were aware of a recent change in their activity (48Vo cf 2IVo), however, this

difference was not statistically significant (Fisher's Exact p-Value = 0.08) (Detail Appendix G,

Table 19)

Mustcrans on-
Inconsequential Symptoms 14/35 t 4QVo 35Vo)
Consequential Symptoms 1E/3I t 58Vo 2t6 33To) ll 20131 547o
'I'otal 32/66 

'
48Vo' l4 Vo J 4
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4.4.1.2. The areas in which symptoms occurred.

Symptoms were usually somewhat diffuse and poorly localised. 'When asked where discomfort

was felt, subjects would indicate a region. Consequently, the 5 areas defined in section 3.I2.1

were used to identify the site of symptoms. These areas were as follows.

1. Hand./lVrist
2. ForearmÆlbow
3. Arm
4. Shoulder
5. Neck

4.4.1.3. The distribution of symptoms

The distribution of symptoms within the four symptomatic subgroups is tabulated as follows:

Consequential Symptoms
(Musicians)

I nconsequential Symptoms
(Musicians)

Right
Percent Number

Right
Percent Number

Left
Percent Number

Left
Percent Number

(N
Right

Percent Number
Left

Percent Number

=31

I nconsequential Symptoms
(Non-musicians)

Consequential Symptoms
(Non-musicians)

Right
Percent Number

Left
Percent Number

4.4.1.4. The extent of symptoms.

The extent of symptoms of an individual was expressed as the number of areas affected out of

the 10 possible areas. The number of areas where symptoms were bilateral as opposed to

unilateral is also presented. Only those individuals with symptoms are included in this analysis.

Hand/lVrist 46"/o 16 34"/" 12 65% 20 55% 17
Forearm./Elbow 17% b 11% 4 35% 11 23"/" 7

6 2 3% 1 1 3 10% 3

17yo 6 11% 4 23% 7 13% 4

34To 12 29% 10 19% 6 19% 6

38Y" 3 13% 1 1OO"/" o 17% 1

38"/" 3 13% 1 17% 1 o% 0

13% 1 13% 1 0% 0 o% 0

Shoulder O"/" 0 o% 0 17% 1 17% 1

Neck 13"/" 1 13% 1 o% 0 o% 0
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Comparing the extent of symptoms for Occupational Classification (Musicians cf Non-

musicians with symptoms), the average number of areas with symptoms out of a possible 10

(and the range) was as follows.

Musicians Non-musicians
Total 2.38 (1-10) 1.57 fi-4\

Bilateral 1 .69 (0-10) 0.71 (0-4)

Unilateral 0.68 (0-3) 0.86 0-2)

Comparing the mean extent of symptoms for Diagnostic Classification ("Inconsequential

Symptoms" cf "Consequentiai Symptoms") the average number of areas with symptoms out of

a possible 10 (and the range) was as follows.

lnconsequential
Svmptoms

Consequential Symptoms

Total 1 .97 (1-10) 2.54 (1-10)

Bilateral 1 .30 (0-10) 1 .78 (0-10)
Unilateral 0.67 0-3 0.76 rc-z

There appears to be a difference in the mean extent of symptoms between groups for both the

factors "Occupational Classification" and "Diagnostic Classification". These apparent trends

were tested with a 2 way ANOVA which showed that neither were of statistical significance

(AVOVA p-Value for Occupational Classification = 0.19, AVOVA p-Value for Diagnostic

Classification = 0.52, Details Appendix G, Table 20)

4.4.2. Features of the exam¡nat¡on (tenderness)

The primary feature to arise from examination of the subjects was the presence of tenderness.

Tenderness was assessed with use of a standard protocol as described in chapter 3, section

3.12.I. The phenomenon of tenderness was present in all subgroups. The following analyses

investigated this.

4.4.2.1. Percentage of subgroup with at least 1 tender site

The following table gives the percentage of each subgroup with at least 1 site of tenderness

The actual number with tenderness and the total number in each subgroup is given in brackets.

No Svmotoms I nconseouential Svmotoms Conseouential Svmotoms
Musicians 56% e9152\ 80% {28135\ 100% (31/31)
Non-musicians 56% 24143 100% 8/8 100% (6/6)
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4.4.2.2. The Number of Tender Sites

The following table gives the mean number of tender sites (out of 38 possible sites) subdivided

into Occupational and Diagnostic subgroups. Division into number of bilateral and number of

unilateral tender sites is also presented. Range of number of tender sites for each ceil is given in

brackets.

Simultaneous comparisons of the number of sites of tenderness found on examination were

made between Occupational Categories (musicians cf non-musicians) and also between the

different Diagnostic Categories, with a two rvay analysis of variance. There was not a

significant difference in the number of tender sites betrveen musicians and non-musicians

(AVOVA p-Value for Occupational Classification = 0.91). There was a signif,rcant difference in

the number of tender sites between the three Diagnostic Categories of Non-specific

Occupational Overuse Syndrome (AVOVA p-Value for Diagnostic Classif,rcation < 0.0001).

Fisher's PLSD post hoc test for between group differences showed that the mean number of

sites of tenderness was significantly greater in the "Inconsequential Symptoms" category (7.8)

than the "No Symptoms" category (2.5) (p < 0.0001) and there were significantly more tender

sites in the "Consequential Symptoms" category Q6.2) than the "Inconsequential Symptoms"

category (7.8) (p < 0.0001). (Details Appendix G, Tabie 21)

Thus it was shown that the average number of sites of tenderness was independent of

occupational classification, but increased progressively across the range of symptoms. The

average number of sites of tenderness in the category "No symptoms" was lower than that in

the category "Inconsequential Symptoms" which in turn was lower than in the category

"Consequential Symptoms" and the difference between categories was highly statistically

significant.

The following frequency distribution for number of sites of tenderness graphically displays this

difference.

No
Svmotoms

lnconsequential
Svmptoms

Consequential
Svmotoms

Total

Musicians
Bilateral
Unilateral

2.9 (0 to 15)
2.3 (0-14)
0.65 (0-3)

7.7 (0 to 17)
6.e (0-16)
0.83 l0-4)

16.1 (5 to 31)
14.6

1.5
(2-30)
(0-4)

7.8 (0 to 31)
6.9 (0 to 30)
0.92 (0 to 4)

Non-musicians
Bilateral
Unilateral

2.0 (0 to 8)
1.6 (o-8)

0.37 (0-3)

7.8 (4to 12)
6.8 (o-12)
'1.0 (0-4)

16.7 (s to 24)
15.7 (8-22)
1.0 (0-4)

4.4 (0 to 24)
3.8 (0 to 22)
0.53 to4
6.7 (0 to 31)
5.e (0 to 30)
0.79 to4

Total
Bilateral
Unilateral

2.s (0 to 15)
2.0 (o-14)
0.53 (0-3)

7.7 to1
6.8 (0-16)
0.86

16.2 (5 to 31)
14.8 (2-30)

4
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4.4.2.3. Anatomical Distribution of Tender Sites

The prevalence of tenderness at each anatomical site for each subgroup also demonstrates

certain characteristics of this difference. In addition, this table give a guide as to what to expect

when making a systematic examination for sites of tenderness in the upperJimbs.

Musicians Musicians Musicians
No Symptoms lnconsequential Consequential

Symptoms Symptoms
right left right left ht left

4th lnterdigital Cleft 0.0% 0.0%
0.Oo/" 1 .9"/"

1.9% 3.8"/o

21.2"/o 32.7"/"
0.0% 0,0%
0.0% 0.o%
0.0% 3.87"
3.8"/" 7 .7"/o

0.0% O.0"/o

O.0"/" O.Oï"

O.0"/" o.o%
9.6% 21.2Y"
1 .9"/" 0.0"/"

38.5% 423%
28.8% 30.8%
5.8% 5.8"/o

0.0% o.o%
3.8% 7.7%
1 10/ 11.5o/o

5.7% 8.6"/"

2.9% 5.7%
8.6% 11.4%
42.9% 54.3%
0.0% 0.0%
0.0% 2.9%
11.4% 11.4%
22.9% 25.7%
O.O"/" o.o%
0.0% 2.9%
o.o% 2.9%
48.6% 45.7%
5.7% 2.9%

68.6% 71.4%
543% 65.7%
28.6% 28.6"/"

5.7% 5.7%
37j% 40.0%
20.0% 20.0%

3rd lnterdigital Cleft

2nd lnterdigital Cleft

1st lnterdigital Cleft

Thenar Eminence

Hypo{henar Eminence

CMCJ of Thumb

RadialWrist Ligament

Ulna Wrist Ligament
DorsalWrist Ligament

Plantar Wrist Ligament

Extensor Muscle Belly

Flexor Muscle Belly

Extensor Muscle Origin

Flexor Muscle Origin

Biceps Muscle Belly

Triceps lnsertion

Coracoid Process

Superior Trapezius

19.4% 19.4%
19.4% 22.6%
32.3% 35.5%
80.6% 80.6%
9.7% 9.7%
6.s% 9.7%
32.3% 35.5%
67.7% 54.8"/"

3.2"/" 3.2%
32.3"/" 25.9"/"
22.6% 19 4%

87.1Y" 90.3%
29.O% 22.6"/"
100.0% 100.0%
83.9% 90.3%
48.4% 45.2"/"

35.5% 25.8%
54.8% 61.3%
48.4% 48.4%

4th lnterdigital Cleft

Non-musicians
No symptoms

right left

Non-musicians
lnconsequential

Symptoms
right left

Non-musicians
Consequential

Symptoms
right left

3rd lnterdigital Cleft

2nd lnterdigital Cleft

1st lnterdigital Cleft
Thenar Eminence

Hypo-thenar Eminence

CMCJ of Thumb
RadialWrist Ligament

Ulna Wrist Ligament
DorsalWrist Ligament
Plantar Wrist Ligament

Extensor Muscle Belly

Flexor Muscle Belly

Extensor Muscle Origin
Flexor Muscle Origin
Biceps Muscle Belly
Triceps lnseftion
Coracoid Process

o.o% 0.0%
0.0% o.o%
o.o% o.o%
7.0"/" 14.O%

0.0o/" o.o%
0.o% o.o%
0.0% O.0"/"

0.o% O.O"/"

0.0% 0.0%
O.O"/" o.o%
0.0% o.o%
2.3% 4.7%
o.o% 2.3%

41.9% 53.5%
27.9"k 30.2%

o.o% o.o%
o.ov" o.o%
4.7Y" 7.0%
2.3% 23%

0.0% o.o%
o.o% O.O"/"

12.s% 12.5%
25.0% 37.5%

0.0% 0.0%
0.0% 0.0%
0.0% O.O"/"

37.5% 37.5"/o

o.o% 0.0"/o

12.5% 0.0%
0.0% 0.0%

50.0% 50.0%
o.o% 12.5"/"

87.5% 100.0%
75.0% 87.5"/o

25.0"k 25.0"/"
o.o% O.Oï"

12.5% 25.0Y"

25.0% 25.0"/"

16.71" 16.7"/"
16.7% 16.7"/"

33.3% 33.3%
100.0% 100,0%

0.0% 0.0%
o.o% 0.0%

33.3% 16.7"/o

50.0% 33.3%
o.o% 0.0%

33.3% 33.3%
16.7% 0.0%

100.0% 83.3%
66.7% 33.3%

100.0% 100.0%
100.0% 100.0%

66.7Y" 66.7"/"
33.3% 33.3%
66.7% 66.7"/"

50.0% 50.0%Superior Trapezius
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4.4.3. Relationship of
sym ptoms)
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Examinat¡on to History (tenderness to

4.4.3.1. The prevalence of tenderness in symptomatic areas.

Conventional medical wisdom teaches that tenderness occurs in the area where pain or

discomfort is reported. Thus, the most direct relationship to be expected between tenderness

and symptoms is that tenderness is likely to be found in symptomatic areas.

Prevalence of tenderness in symptomatic areas was defined as the ratio of the number of

symptomatic areas with tenderness to overall number of symptomatic areas for each subject

with symptoms. If the expected relationship were true then this ratio should be close to 1. The

following table presents this data comparing the results for the subgroups derived from both the

Diagnostic and Occupational classifications.

The following table shows the mean value of the "Prevalence of tenderness in symptomatic

areas" in each subgroup. Number of subjects involved in the calculation is included in brackets

0, only those subjects with at least one symptomatic area are included.

lnconsequential
Svmotoms

Consequential
Svmotoms

Total

Musicians 0.580 (3s) 0.e23 (31) o.741
Non-musicians 0.875 (8) 0.917 6 0.893 14

Total 0.768 (43) 0.922 (37\ 0.768 (80)

It can be seen that a value close to 1 occurred in the subjects with "Consequential Symptoms".

The subgroup in which symptoms without tenderness was most likely was musicians with

"Inconsequential Symptoms".

A two way analysis of variance was used to assess the statistical significance of differences

observed. No signif,rcant differences were observed: (Details Appendix G,Table22)

Two way ANOVA Occupational Classification p=Q./g

Diagnostic Classification p - 0.09

Aithough there appears to be a trend for higher sensitivity in the symptomatic areas of the

individuals in the "Consequential Symptoms" Category this did not reach statistical

signif,rcance.

4.4.3.2. The prevalence of tenderness in asymptomatic areas.

Conventional medical wisdom leads to the assumption that the presence of tenderness suggests

the presence of some pathological process and in consequence the presence of symptoms.

Thus, tenderness would not commonly be expected in asymptomatic areas. For the purposes of
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this study, however, to gain an appreciation of prevalence of tenderness in "normal", unaffected

structures, the "prevalence of tend " was calculated.

This parameter was defined as the ratio of the number of asymptomatic areas with tenderness to

the overall number of asymptomatic areas. The value of this parameter was calculated for each

subject. Conventionai wisdom would thus lead to the expectation that the value of this ratio

would be close to 0. It has been shown above, however, that a large proportion of

asymptomatic individuals had sites of tenderness. In addition to this, it was also noted that

symptomatic individuals had tenderness in areas where they had no symptoms. To investigate

thisphenomenonoftendernessinaSymptomaticareaS,the

asvmptomatic areas was calculated for all subjects.

The foliowing table presents this data comparing the results for diagnostic and occupational

classification giving prevalence of tenderness in asymptomatic areas . The number of subjects

involved in the calculation is included in brackets 0, and only those subjects with at least one

asymptomatic area are included.

This table answers the following question: 'When examining an individual, what is the

likelihood of finding tenderness in an area which is asymptomatic?

No
Svmptoms

lnconsequential
Svmotoms

Consequential
Svmotoms

Total

Musicians 0.188 s2) 0.374 ß4\ 0.674 (28) 0.363 11 14)

Non-musicians 0.140 (43) 0.401 (8) 0.759 (6) 0.241 (s7)

Total 0.166 95) 0.379 (42\ 0.689 134) 0.323 (171)

Simultaneous comparisons of the "prevalence of tenderness in asymptomatic areas" were made

between Occupational Categories (musicians cf non-musicians) and the different Diagnostic

Categories, with a two way analysis of variance. There was not a significant difference between

musicians and non-musicians. There was a significant difference between the three categories

of the diagnostic classif,tcation.

Two way ANOVA Occupational Classification p=Q.SS

Diagnostic Classification p < 0.0001

Fisher's PLSD test for between-group differences showed that the mean prevalence of

tenderness in asymptomatic areas was significantly higher in the "Inconsequentiai Symptoms"

category (31.9Vo) than the "No Symptoms" category (I6.6Vo) (p= 0.0001). The mean

prevalence of tenderness in asymptomatic areas was significantly higher in the "Consequential

Symptoms" category 6S.9Vo) than the "fnconsequential Symptoms" category Q7.9Vo) (p=

0.0001). (Details Appendix G, Table 23)
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4.4.3.3. Prevalence of tenderness in unilateral asymptomatic areas.

There were 5 areas on each side of the body selected for the documentation of distribution of

symptoms. In each of these 5 areas symptoms could be absent, unilateral or bilateral. The

following table repeated from section 4.4.1.4 gives the mean number of bilateral and uniiateral

symptomatic areas (range given in brackets) for both the Musicians and Non-musicians

categories.

Musicians (N=66) Non-musicians (N=14)

Total 2.38 (1-10) 1 .57 (1-4)

Bilateral 1.69 (o-10) 0.71 (0-4)

Unilateral 0.68 (0-3) 0.86 (0-2)

The presence of unilateral symptoms allows some interesting observations to be made. This

arises from consideration of the contra-lateral area which is asymptomatic. For the purpose of

brevity, the term unilateral asymptomatic area was defined as that area contralateral to a

unilaterai symptomatic area. The special case in which tenderness occurs in a unilateral

asymptomatic area provides the following observations. Tenderness in such an area would not

conventionally be expected any more than tenderness in any other asymptomatic area. Analysis

of the data showed quite the opposite. Such areas were significantly more likely to have

tenderness than other asymptomatic areas.

"Prevalence of tenderness in unilateral asymptomatic areas" was defined as the ratio of the

number of unilateral asymptomatic areas with tenderness to the overall number of unilateral

asymptomatic areas for each subject. The following table shows the mean value for the

"prevalence of tend " in the various subgroups. Number

of subjects involved in the calculation is included in brackets 0, only those subjects with at

least one area of uniiateral symptoms are included.
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This table answers the question that follows: If an individual has unilateral symptoms in one

area how likely is the asymptomatic a.rea on the other side of the body, to be tender?

lnconsequential
Svmptoms

Consequential
Svmotoms

Total

0.681 36Musicians 0.500 (18) 0.861 (18)

Non-musicians 1.000 (6) 1.000 (5) 1 .000 (1 1)

Total 0.625 (24\ 0.891 {23) 0.755 (47\

If this table is compared with the data for the " "
in general it appears that the prevalence is substantially higher in unilateral asymptomatic areas.

This table is here from section 4.4.3.2 to facilitate direct

To test this apparent difference, the two parameters following:
. = ratio of numbe¡ of unilateral

asymptomatic areas with tenderness to the overall number of unilateral symptomatic

afeas

. = ratio of number of asymptomatic areas

with tendemess to the overall number of asymptomatic areas

were compared, in each suitable individual, with the paired Student's t-test. This confirmed

that in any one individual a unilateral asymptomatic area was significantly more likely to be

tender than other types of asymptomatic areas. (Paired Student's t-test, p<0.0001, details

Appendix G,TabIe24)

Indeed comparison with the following table (repeated from section 4.4.3.I to facilitate direct

comparison), which gives the prevalence of tenderness in symptomatic areas, indicates that the

sensitivity of unilateral asymptomatic areas approaches that of symptomatic areas.

lnconsequential
Svmotoms

Consequential
Svmptoms

Total

Musicians 0.580 (35) 0.923 (31) o.741
Non-musicians 0.875 (8) 0.s17 (6) 0.893 (14)

Total 0.768 43) 0.922 3t 0.768 öU

To test the apparent similarity the two parameters following,
. = ratio of number of unilaterai

symptomatic areas with tenderness to the overall number of unilateral symptomatic

areas

. prevalence of tend = ratio of number of symptomatic areas

with tenderness to the overall number of symptomatic areas

were compared, in each suitable individual, with the paired Student's t-test. This analysis failed

to show a significant difference in the sensitivity of the unilateral asymptomatic areas from

No
Svmotoms

lnconsequential
Svmotoms

Consequential
Svmptoms

Total

Musicians 0.1 88 52) 0.374 (34 0.674 (28\ 0.363

0.323

0,241
114

171

57Non-musicians 0.140 (43) 0.401 (8) 0.7s9 (6)

0.379 ø2\Total 0.166 (95) 0.689 (34)
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(Paired Student's t-test, p=0.20, details Appendix

To ensure that significant variation within one of the subgroups was not missed this test was

repeated stratifying for both Occupational and Diagnostic Classification. No significant

difference in the sensitivity of the unilateral asymptomatic a¡eas from symptomatic areas in any

one individual was found irrespective of stratification. (Details Appendix G, Table 26)

4.5. Cohort Prospective-Analysis

This set of analyses related to the Instrumental Music Students, followed prospectively during

their undergraduate studies. The aim of this part of the analysis was to explore the possibility

that differences in certain factors might be associated with differences in risk of developing

Non-specific Occupational Overuse Syndrome with "Consequential Symptoms".

4.5.1. Demograph¡c Details

There were 95 Instrumental Music Students initially assessed. Of these, 6 were classified as

having Non-specific Occupational Overuse Syndrome with "Consequential Symptoms" aîd2
were classified as having Specific Occupational Overuse Syndrome. These 8 subjects were

excluded from the prospective arm of the study. At the end of three years an attempt to

followup the 87 selected Instrumental Music Students was made, 2 students could not be

traced, one each from the initial "No Symptoms" and "Inconsequential Symptoms" categories.

This left 85 students initially assessed and followed up for the 3 years of undergraduate music

study.

At the three year followup review the students were again questioned concerning the presence

of symptoms associated with activity, occurring any time during their course. On the basis of

this information, classif,rcation into the va¡ious diagnostic categories was made.

The principle aim of the prospective study was to discover which of the subjects initially with

"No Symptoms", or "Inconsequential Symptoms", developed','Consequential Symptoms"

during their studies.
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Tabulation of Initial against Followup Diagnostic Category.

Initial Diagnostic Category

None
Followup
Diagnostic
Category
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Total
one

This allowed an estimate of the three year incidence of Non-specific Occupational Overuse

Syndrome with "Consequential Symptoms" in undergraduate music students to be calculated.

Out of 85 students initially without "Consequential Symptoms", 16 developed such symptoms

during a three year period, giving a three year incidence estimate of l9Vo. This would seem to

indicate that, contrary to the suggestion of Ireland [Ireland, 1986a]flreland, 1988], this

condition can not principally be ascribed to the monotony of the tasks involved.

Three subjects deveioped symptoms associated with a specific diagnosis during the three years

of their undergraduate studies. These were consequently excluded from the analysis, leaving

82 subjects in the final comparative analysis of the prospective study.

4.5.2. Analysis of the significance of Diagnostic Classification

The presence of "Inconsequential Symptoms" at the initial assessment did not increase the

risk of later develoDment of "Conseouential SvmDtoms".

To investigate the hypothesis that individuals initially with "Inconsequential Symptoms" are

more likely to subsequently develop "Consequential Symptoms" than individuals with "No

Symptoms", a suitable null hypothesis needs to be tested. A simple contingency table Chi

Square analysis of the above table impiies the nuil hypothesis of even distribution between

cells. Because of the expected effect of initial symptoms on the presence of either "No

Symptoms" or "Inconsequential Symptoms" during the music course, this is not a suitable null

hypothesis. In order to formulate a more appropriate null hypothesis, it is necessary to consider

reasonable expectations based on aliocation to the initial categories of "No Symptoms" or

"Inconsequential Symptoms" which do not impact on the hypothesis to be investigated . A
reasonable expectation is that the majority of those initially with "No Symptoms" would

continue to have "No Symptoms" and those initially with "lnconsequential Symptoms" would

continue to have "Inconsequential Symptoms". This is to say that the initial diagnostic

classification would be likely to remain unchanged at the followup assessment. The hypothesis

to be investigated adds to this baseline expectation the additional expectation that, of those who

do develop "Consequential" symptoms, a higher proportion would come from the initial

"Inconsequential Symptoms" Category. The null hypothesis suitable to test the validity of this

ó32
nconsequential T2 l6

1 9 16lonsequential
3 '3rccific Diagnosis 0

5i 34 85
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addition expectation would add to the base-line expectation that the same proportion of

individuals would come from both the initial "No symptoms" and the initial "Inconsequential

Symptoms" diagnostic categories.

To set up a contingency table suitable to test this null hypothesis, adjustment of the cells in the

above table needs to be made. A suitable method to make this adjustment is to reclassify the

Followup diagnostic classification as follows :

A. Consequence of Followup symptoms unchanged from Initial. (either Initial and Followup

classif,rcation = "No symptoms" or Initial and Followup classif,rcation = "Inconsequential

Symptoms")

B. Consequence of Followup symptoms changed to other lesser degree diagnostic category.

(either those initially with No symptoms changed to Followup classification

"Inconsequential Symptoms" or those initially with "Inconsequential Symptoms" changed

to "No Symptoms")

C. Followup symptoms were of "Some Consequence"

This produced the following contingency table

Initial diagnostic category

No Symptoms Inconsequential Total
S

o
Followup
diagnostic
category

On the basis of Chi-Squared analysis according to this scheme there was no association

between the Initial Diagnostic Ciassification and the Followup Diagnostic Classification. That

is to say, those who initially had "No Symptoms" were as likely to continue to have "No

Symptoms", as those who initially had "Inconsequential Symptoms" would continue to have

"Inconsequential Symptoms". Conversely, those who had "No Symptoms" initially were as

likely to develop "Inconsequential Symptoms", as those who initially had previously had

"Inconsequential symptoms" would subsequently have "No Symptoms". Those who initially

had "Inconsequential Symptoms" were no more likely to develop "Consequential Symptoms"

than those who initially had "No Symptoms". In other words the results did not support the

hypothesis that the presence of "Inconsequentiai Symptoms" increased the risk of developing

"Consequential Symptoms". Chi-square (2 degrees of freedom) = 2.8764 p= O'2374. In

addition this analysis shows that those initially with "Inconsequential Symptoms" had a

IgVo(6/31) chance of having no further symptoms.

m

to
c

16 483Z

6 1812

9 I67

51 31 82
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4.5.3. Analysis of tender site data

"Consequential Symptoms".

If the presence of tenderness was taken to be an indicator of the presence of Non-specific

Occupational Overuse Syndrome, then it might be expected that those with one or more sites of

tenderness would be more likely to develop "Consequential Symptoms" than those without.

Contingency table analysis did not confirm this expectation.

(Chi Sq. = I.43, p = 0.49, Details Appendix G,Table27)

Two features of the initial physical examination were strongly associated with the Diagnostic

classification made at the initial assessment, These were the number of sites of tenderness and

the prevalence of tenderness in asymptomatic areas. One-way ANOVA was used to test each of

these as a possible risk factors for subsequent development of "Consequential Symptoms"

during the music course.

Those who subsequently developed "Consequential Symptoms" did not initially have a higher

number of sites of tenderness than those who did not develop "Consequential Symptoms".

There was no association between the initial number of sites of tenderness and the Followup

diagnostic classification. (ANOVA p=Q.l$) (Details Appendix G, Table 28)

Those who subsequently developed "Consequential Symptoms" did not initially have higher

prevalence of tenderness in asymptomatic areas than those who did not develop "Consequential

Symptoms". There was no association between the "Prevalence of tenderness in asymptomatic

areas" at the initial assessment and the Followup Diagnostic Classification.

(ANOVA p=0.53) (Details Appendix G, Table 29)

4.5.4. Analysis of physical fitness

Signifîcant differences in physical fitness parameters were found between males and femaies, in

the study variables:- Aerobic Fitness as given by an estimate of V 02 max., Grip Strength,

Pinch Strength and Peak Expiratory Flow Rate (PEFR) (Details Appendix G, Table 30). The

analysis of the risk associated with these study variables were split so that males and females

were analysed independelJly.

The following table lists a summary of the results of the analyses for the study variables

investigating physicai fitness, subdivided into male and female where appropriate. Details of

these analyses are given in the indicated table in Appendix G.
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Sex Mean Value
No Symptoms

Mean Value
lnconsequential

Svmptoms

Mean Value
Consequential

Svmotoms

ANOVA
p Value

Study Variable

M 54.9 54.2 55.2 0.97
F 37.6 38.3 37.3 0.68

Aerobic Fitness
V 02 max.

4.1 3.2 4.2 0.72Hours Physical Activity
per week

132.2 0.85Dexte 131 .6 130.4
M 54.5 52.6 54.7 0.89Grip Strength

(Max. Kq force) F 32.5 34.0 29.0 0.03
51.5 52.0 52.5 0.95MPinch Strength

lMax. KPa) F 42.7 46.0 42.8 0.26
595.5 523.0 0.16M 547.9

F 457.8 442.5 426.0 0.43
PEFR

JWhite, 1995: Chapter 4

Details
in Table

31
32

33

34
35
36

37
38

39
40

Posture was assessed as a dichotomous variable, there was no significant difference found

between diagnostic categories (Chi Sq= 2.67 , p-0.26, Details Appendix G, Table 41)

In females those with lower grip strength had a higher risk of development of
"Consequential Symptoms"

The only statistically significant result from the analysis of the physical fitness parameters was

with respect to grip strength in females. In females a lower grip strength was associated with

an increased risk of developing "Consequential Symptoms" (ANOVA p=0.028) (Details

Appendix G, Table 36). This was not found to be an association in males (ANOVA p=0.89)

(Details Appendix G, Table 35). Fisher's PLSD post-hoc analysis showed that in femaies,

those who deveioped "Consequential Symptoms" had significantly lower grip strength (29.0

Kg) than either those with No Symptoms (32.5Kg) (p= 0.045) or those with "Inconsequential

Symptoms" (34.0 Kg) (p = 0.0084). There was not a significant difference between those with

No Symptoms cf "Inconsequential Symptoms" (p = 0.36) (Details Appendix G, Table 36).

This finding was consistent with the clinical impression made during the study that females who

sought treatment for Non-specific Occupational Overuse Syndrome frequently had poorly

developed upper-limb musculature.

4.5.5. Analysis of physical attributes

A significant difference between males and females was found in relation to the study variable

"Hand Span", no significant difference was found in relation to the study variable "Body Mass

Index" (Details Appendix G, Table 42). The analysis of variance assessing association between

the study variable Hand Span and the outcome variable "Followup Diagnostic Classification"

was split so that males and females were analysed independently .

The following table lists the results of the analyses for the study variables investigating physical

attributes, subdivided into male and female where appropriate. Details of these analyses are

given in the indicated table in Appendix G.
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Details
in Table

43
44
45

There were no signifîcant results in these analyses.

4.5.6. Analysis of activity levels at beginning of course.

There was no significant difference between l.he number of hours of musical instrumenl

performance per week undertaken by males compared with females at the beginning of their

course. (Details Appendix G, Table, 46 ) A signif,rcant difference in the mean vaiue of this

study variable was found between Followup Diagnostic Categories.

Fisher's PLSD post-hoc analysis showed:-

a significant difference between the "No Symptoms" and "Inconsequential Symptoms"

categories (p=0.0063).

no significant difference between the "No Symptoms" and "Consequential Symptoms"

categories (p=0.82).

no significant difference between the "Inconsequential Symptoms" and "Consequential

Symptoms" categories (p=0.05 1 ).

4.5.7. Analysis of Psychological data.

es were all within the normal

ranse.

Analysis of the scores from the psychological questionnaires found no significant sex

differences (Details Appendix G, Table 48). Anaiysis of the distriÙution of the scores from the

psychological questionnai¡es found that all psychological factors assessed except the General

Health Questionnaire score, the Illness Behaviour Questionnaire factor "General

Hypochondriasis" and the Illness Behaviour Questionnaire factor "Disease Conviction"

conformed to the conditiòns required of "normal" distribution for the purposes of statistical

analysis to allow the use of parametric Analysis of Variance (ANOVA). Kruskal-Wallis non-

parametric ANOVA was consequently used for these three factors which were not normally

distributed (Test of normal dist¡ibution as set out in MiniTab Manual, reference [Shapiro and

Wilk, l97}l Details Appendix G, Table 49).

Sex Mean Value
No Symptoms

Mean Value
lnconsequential

Svmptoms

Mean Value
Consequential

Svmptoms

ANOVA
p Value

Study Variable

227.3 229.2 0.89M 229.8
F 202.8 204.0 200.8 0.78

Hand Span
(mm)

22.1 21.9 0.97Bodv Mass lndex 22.1

Study Variable Mean Value
No Symptoms

Mean Value
Inconsequential

Symptoms

Mean Value
Consequential

Symptoms

ANOVA
p Value

Defai ls

(Table)

Hours music
performance per
week

16.6 22.6 I 1 I 0.017 41
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The means of the diagnostic classification categories for all scores were within the range of the

normal population as defined by the normative data set out in each questionnaire's instruction

manual. Although the means of all the study variable assessing psychological prof,tles were

within the normal range, Analysis of Variance demonstrated that there were some significant

differences between diagnostic categories. The following tables give details of the differences

in the mean values between diagnostic categories for the study variables investigating

psychological profiles as well as the relevant ANOVA p-value and the "Normative Values"

taken from the individual Questionnaire Instruction Manuals.

General Health Questionnaire (GHQ) (Standard Error of the Mean in brackets adjacent to mean

values). Higher vaiues indicate increasing neurotic tendencies.

Study
Variable

Mean Value
No Symptoms

Mean Value
lnconsequential

Svmptoms

Mean Value
Consequential

Svmptoms

ANOVA
p Value
(Details)

Normative Values
(London 15 to 24

vear olds)

GHQ 3.18 (0.69) 5.79 (1.36 4.88 5 0.28 9.64

Details of Analysis of Variance given in Appendix G, Table 50.

Speilberger Anxiety Questionnaire (SAQ) (Standard Error of the Mean in brackets adjacent to

mean values). Higher values indicate increasing tendency towards anxiety.

Study
Variable

Mean Value
No Symptoms

Mean Value
lnconsequential

Svmotoms

Mean Value
Consequential

Svmotoms

ANOVA
p Value

Normative Values
(American College

Freshmen)

SAQ 35.1 (1.29 38.8 (1.68) 37.6 (2.21\ 0.21 38.17

Details of Analysis of Variance given in Appendix G, Table 51

Illness Behaviour Questionnaire (BO (Standard Error of the Mean in brackets adjacent to mean

values).

Normative Values
(Pain Clinic
Patients

1.79

3.72
0.62
2.51

2.61

3.88
3.1'1

Details of Analysis of Variance given in Appendix G, GH Table 52,DC Table 53, PvSC Table

54, AI Table 55, AD Table 56, D Table 57, I Table 58)

Mean Value
lnconsequentia

I Svmotoms

Mean Value
Consequentia

lSvmotoms

ANOVA
p Value

Normative Values
(General Practice

Patients)

IBQ
Factor

Mean Value
No Symptoms

0.009 1.42GH 0.87 0.27 1.8e (0.3s) 1.36 (0.3e)

1 .1 1 (0.15) 1.21 (0.26\ 0.20 1.58DC 0.89 (0.18)

2.01PvSC 2.00 10 2.36 (0.18) 1.64 (0.17) 0.01 3

2.50 (0.49) 
I 0.33 2.46AI 2.49 (0.26\ 1.89 (0.33)

1.93 (0.33 1.86 (0.47) 0.038 2.33AD 1.00 (0.21)

0.81 2.91D 3.03 0.18 3.18 (0.23) 3.21 (0.30)

1.00 (0.21) 1.50 (0.27\ 0.26 2.810.89 (0.21)
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different diagnostic c ate gories.

Using the appropriate analysis of variance to test for differences between the means for the three

diagnostic classifications of Non-specific Occupational Overuse Syndrome, found three factors

in the "Illness Behaviour Questionnaire" with which there were signif,rcant differences.

A. There were significant differences between diagnostic categories on the psychological

profile "General Hypochondriasis" (Phobic concern about one's state of health), measured with

the Illness Behaviour Questionnaire. The Kruskal-Wallis non-parametric one-way ANOVA test

was used, p= 0.009. The Mann-Whitney non-parametric U-test was used to assess post hoc

between group differences. The "Inconsequential Symptoms" category had a higher score

(1.89) than the "Consequential Symptoms" category (1.36) but this was not significant p=

0.39. The "Consequential Symptoms" category had a higher score than the "No Symptoms"

category (0.S7) but this also was not significant p= 0.10. The subsequent difference between

the "Inconsequential Symptoms" category and the "No symptoms" category was signihcant

however, p= 0.003. (Details Appendix G, Table 51)

Thus the order of difference between mean value of this study variable for the diagnostic

categories ,,¡/as "Inconsequential Symptoms" > "Consequential Symptoms" > "No Symptoms"

with a signif,rcant difference only shown between the extremes.

B. There were significant differences between groups on the psychological profile

"Psychological vs Somatic Concern" (PvSC), measured with the Illness Behaviour

Questionnaire. The standard parametric ANOVA test was used, p= 0.013,

Fisher's PLSD post-hoc test was used to assess between-group differences. The

"Inconsequential Symptoms" category had a higher score (2.36) than the "No Symptoms"

category (2.00) but this was not significant p= 0.058. The "No Symptom" category had a

higher score than the "Consequential Symptoms" category (1.64) but this also was not

significant, p= 0.13. The subsequent difference between the "Inconsequential Symptoms"

category and the "Consequential Symptoms" category was significant however, p- 0.004.

(Details Appendix G, Table 53)

Thus the order of difference between categories lvas "Inconsequential Symptoms" >

"No Symptoms" > "Consequential Symptoms" with a significant difference only shown

between the extremes.

A high score in the factor PvSC indicates that the individual felt somehow responsible for his

illness and felt in need of psychiatric, rather than medical, treatment. A low score indicates the

contrary attitude with a tendency to somatise concerns. The mean value of the score for the

"Inconsequential Symptoms" category was high , the mean value of the score for the
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"Consequential Symptoms" category was low and the mean score for the "No Symptoms"

category was intermediate. There was a statistically significant difference between the

"Inconsequential Symptoms" and the "Consequential Symptoms" diagnostic categories.

C. There were signihcant differences between categories on the psychological profile "Affective

Disturbance" (Tendency towards anxiety and / or sadness) measured with the Illness Behaviour

Questionnaire. The standard parametric ANOVA test was used, p= 0'038.

Fisher's PLSD post-hoc test was used to assess between-group differences. The

"Inconsequentiai Symptoms" category had a higher score (1.93) than the "Consequential

Symptoms" category (1.86) but this was not significant p= 0.89. The "Consequential

Symptoms" category had a higher score than the "No Symptoms" category (1.00) but this also

was not significant, p= 0.080. The subsequent difference between the "Inconsequential

Symptoms" category and the "No symptoms" category was significant however, P= 0.018.

(Details Appendix G, Table 55) Thus, the order of difference between groups was

"Inconsequential Symptoms" >= "Consequential Symptoms" > "No Symptoms" with a

significant difference oniy shown between the extremes.

4.6. Summarv

The failure to detect significant effects from a number of factors investigated, should not be

taken as necessarily indicating that there was no effect from any of these factors. This study

was exploratory in nature and as such, can be seen in many ways to be taking the form of a

pilot study. That is to say, there was not pre-existing data to show the expected variance in the

factors measured and so the power of the study to detect an effect in the study variabies, could

not be determined in advance. In statistical terms, this is to say that the risk of type 2 errors

could not be calculated for the study variables in advance. Consequently, it is quite possible

that alternative choice of study variables, better precision in their measurement, or greater

number of subjects, may well have demonstrated effects not detected in this study.

There were significant differences found, however, between the out-come variable categories in

a range of study variables. These results do demonstrate a number of significant features with

regard to parameters considered to be of importance with respect to the assessment of Non-

specific Occupational Overuse Syndrome. The implications of theses findings are discussed in

the next chapter.
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Chapter 5. Discussion.

5.1. Introduction

Before turning to a detailed discussion of the research results, it is useful to observe how, in

general terms, these findings bear on what might be seen as the key hypotheses or conclusions

in the literature.

5.1.1. Critical conclusions of previous hypotheses

Dividing the hypotheses into those which propose physical pathology, those which propose

psychological pathology and those who suggest that there is no pathology, it can be said in

overview that previous workers have concluded:

(physical pathology)

o there is a clear, objective difference between the "normal", unaffected population and Non-

specific Occupational Overuse Syndrome "patients" in terms of the presence of pain and./or

tenderness. This "normal" population is assumed to be free of pain and./or tenderness and

consequently clinical examination should be able to discriminate between those with non-

specific occupational overuse syndrome and this "normal", unaffected population.

o following from the previous point, the presence of tenderness is an indicator of the presence

of a local pathology which is likely to progress to a more severe state. Thus, to have

discovered tender sites is to have discovered an early stage of a pathology which is likely to

intensify.

(psychological pathology)

o the symptoms of non-specific occupational overuse syndrome do not have physical causes

but are the result of a psychological disorder such as conversion hysteria, compensation

neurosis or a neurotic exaggeration of normal sensations.

(no pathology)

o the symptoms of non-specific occupational overuse syndrome are either a pretence or an

exaggeration of the minor aches and pains of normal fatigue.

5.1.2. Key Findings of this studY

With reference to these general conclusions, the key findings of the study were as follows:-

o a significant proportion of the "normal" population - those who reported no symptoms - had

sites of tenderness.
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a significant group of subjects had not changed their behaviour in any way nor sought

medical interventionbut had, nevertheless, experienced pain and discomfort associated with

occupational activity and did have sites of tenderness upon examination.

the data did not show qualitative differences between diagnostic categories but demonstrated

a continuous variation in features as the study moved from the "unaffected" group, through

those with "Inconsequential" to those with "Consequential" Symptoms.

the magnitude of the variation within the data was such that there were significant

differences apparent between categories'

those with "Inconsequential" symptoms were no more likely to go on to experience

"Consequential" symptoms than those without symptoms.

a

a

5.1.3. Implications of the fïndings of this study on previous hypotheses

Clearly the discovery of the sub-group of asymptomatic subjects with tender sites (56Vo of

asymptomatic subjects) and the identification of the "Inconsequential" symptoms category

created a problem, as much of the previous research assumed or concluded that there is an

objective, qualitative distinction between the unaffected population and "patients". These two

groupings suggested that reconsideration should be given to the notion of "normality" as it had

previously operated in the literature. Presumably, the previous research would still classify the

first sub-group - asymptomatic subjects with tender sites - as "normal", as belonging to the

category of "non patient". And yet the presence of tender sites suggested that there were some

grounds for seeing this grouping as "affected" in some way, as sharing a key feature with

subjects who were viewed unproblematically as "patients". The second grouping - those

classified as belonging to the "Inconsequential" symptoms category was ambiguous in terms of

classification. Although the individuals in this group appeared closer to "patients" than to

unaffected individuals in that they reported symptoms, they had not altered their routine or

sought medical intervention. They appeared to be "normal" from one perspective and "patients"

from another.

The discovery of the first grouping clearly challenged the assumption or conclusion that the

"normal" population is free from sites of tenderness. It would be possible to accommodate these

findings by reclassifying the members of this asymptomatic sub-group as "abnormal" in some

way, by suggesting they represented a preclinical degree of Non-specific Occupational Overuse

Syndrome where the pathological process had commenced but was not yet clinically apparent'

The problem with this approach is that it requires the classification of over 50 percent of the

"normal" population which was sampled in this study as "abnormal" or diseased. The

conclusion that must be reached by making this classification is that over 5OVo of percent of the

student population is suffering the preliminary stages of Non-specific Occupational Overuse

Syndrome . For reasons explored in more detail below, this was rejected and these results were

construed as supporting the contrasting conclusion that there is a need to abandon, or at least
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doubt, the assumption or conclusion that the presence of tender sites is necessarily "abnormal",

necessarily indicative of pathology. That is, the findings suggest that it is possible for "normal"

individuals to share a feature with "patients" and yet not be thereby classified as diseased.

It must be allowed that there is another possible explanation of these findings. The "normality"

of the asymptomatic sub-group with sites of tenderness might be maintained by seeking to

differentiate their sites from those found in "patients"- that is, by contending that their sites were

in some way qualitatively different and hence did not indicate pathology.

The experience gained from systematic examination for tender sites in all subjects did not

provide any reason to think that the process causing tenderness in some of the asymptomatic

group was any different from that causing the tenderness found in those with Non-specific

Occupational Overuse Syndrome in either the "Inconsequential" or "Consequential" categories.

The finding of tenderness in asymptomatic areas was initially surprising and always suqprised

the subjects no matter which diagnostic category they came from. As a consequence, the

explanation that these sites are in some way qualitatively different was rejected.

The second grouping - subjects with sites of tenderness classified as belonging to the

"Inconsequential" symptoms category - posed a similar problem of classification. Depending on

how much weight was attached firstly to the presence of tenderness and secondly to the

reporting of symptoms, this grouping could be classified either as "normal" or as "patient".

Once again, this tenderness could be accounted for in either of two ways: (1) by classifying the

group with "Inconsequential" symptoms as "abnormal" on the basis of this tenderness or,

alternatively (2) by abandoning the assumption that "tenderrìess" is necessarily incompatible

with "normality". There could be a similar response to this group's reporting of symptoms. It

could be interpreted as an indicator of "abnormality", possibly suggesting that these individuals

represented a less advanced stage of the syndrome's development. Alternatively, the

assumption that symptoms necessarily indicate "abnormality", or the presence of pathology,

could be abandoned or, at least, put at issue. This is the explanation adopted and argued for at

length below.

Once again it must allowed that there is another possible explanation. It could be argued that

this second group's symptoms were qualitatively different from those experienced by

"patients" and hence maintain their "normality" or "non-patient" status. Once again this was

rejected. Just as no difference was found between the sites of tenderness of all subjects,

similarly the characteristics of the symptoms and the relationship to activity did not appear to

differ between the groups with "Inconsequential" and the "Consequential" Symptoms. The

only difference seemed to be the severity and persistence of the symptoms.

Another key finding was that those with more tender sites were no more likely to develop

"Consequential" symptoms than those with fewer or no tender sites. This provided compelling
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support for the conclusion that the presence of tender sites is not indicative of the early stages of

a pathology which is likely to increase in severity. It also lends support to the conclusion that

the presence of tender sites need not be seen as indicating "abnormality" or pathology. If
tenderness were abnormal and pathological then it could be expected that its presence would be

associated with an increased risk for the development of "Consequential" symptoms - whereas

the lack of this is more indicative of stability ot "normality".

This study's findings provide a similarly strong challenge to the psychological hypotheses. The

discovery of the tender sites in the asymptomatic subjects is directly damaging to these

explanations. The psychological hypothesis argues for a diagnosis of conversion hysteria. It

contends that the subject "converts" or expresses some psychological problem or neurosis as

physical symptoms. But since there were no symptoms for this grouping, conversion hysteria

could not, by definition, be used to explain the presence of the tender sites. The subjects

typicalty had no "experience" of the tender sites until subjected to clinical examination.

The second grouping - those with "Inconsequential" symptoms - poses a somewhat similar

problem for the psychological hypothesis. Conversion hysteria is held to operate because the

affected subject benefits in some way from the "converted" symptoms. The presence of the

symptoms enables them to avoid or diminish some psychological crisis. But members of this

second group, those with "Inconsequential" symptoms, did not change their behaviour in any

way. Their experiencing of symptoms did not enable them to escape psychological conflict or

need. As a consequence the notion of "conversion hysteria" ',vas robbed of any explanatory

power in this instance.

The conclusions reached so far suggest that it is normal to be able to elicit tenderness with or

without the presence of symptoms and for some degree of aches and pains to occur as a normal

part of life. In addition, the results suggest that the nature of both the discomfort and

tenderness associated with Non-specific Occupational Overuse Syndrome be qualitatively the

same in all diagnostic categories ("No Symptoms", "Inconsequential Symptoms" and

"Consequential Symptoms"). These conclusions would seem to support the hypothesis that no

pathology is present. Authors who previously supported this hypothesis maintained, however,

that either symptoms were feigned (malingering) or that the symptoms were due to exaggerated

importance placed on minor aches and pains associated with fatigue.

In musicians and in music students in particular it is difficult to imagine reasons for malingering

to occur more than very occasionally. Pretended exaggeration of minor discomforts would be

likely to hinder students chances of advancement in their chosen careers. Musicians as a group

most commonly thrive on any opportunity to perform. Any suggestion that they might not be

able to continue to play as much as they wish is seen as a severe penalty. Among the musicians

treated in this study, although the possibility was always considered, there was not one instance

page-84-



JWhite, 1995: Chapter 5

where a secondary gain could be uncovered which might lead to such behaviour. Certainly the

data collected in this study could not be ascribed to the effects of malingering.

More recently Parker and Denzin lParker and Denzin, 1990a] re-stated the fatigue hypothesis,

"Repetition Strain Injury is a musculo-skeletal fatigue syndrome". They offered an example of

pain obviously caused by muscle fatigue to justify this hypothesis. "If one were to perform an

experiment and to stand up and to raise the arms sideways with the hands level with the

shoulders and to maintain that position after a short while, the shoulders will begin to ache and

the arms feel heavy. Then (if continued) the pain would increase". They claim that in their

experience it is "readily revcrsible... If appropriate attention is paid to the ergonomic, fatigue

and postural features and to the restoration of normal muscular balance." They suggested that if
these measures are not effective then a psychological cause should be considered. "fn

persisting cases, features of secondary gain should be resolved." Can the symptoms of Non-

specific Occupational Overuse Syndrome be attributed to the pain associated with the

physiological process of muscle fatigue?

What then is muscle fatigue and how can it cause pain? Muscle fatigue has been defined as

"failure to sustain force or power output" [Edwards, 1986]. Edwards discussed some of the

theories as to what physiological changes could be occurring to cause this failure. In summary,

it could either be due to central causes, central inhibition of motor neurone activity, or due to

peripheral causes, failure of the muscle f,rbres to conftact subsequent to a motor nerve impulse.

Which factors generate the pain which is associated with muscle fatigue and is this source of

pain consistent with the signs and symptoms observed in the majority of cases Non-specific

Occupational Overuse Syndrome? Awerbuch [Awerbuch, 1990] suggested that the cause of

pain in the example of fatigue suggested by Parker and Denzin was that of local muscle

ischaemia. He implied that the repetitive actions commonly associated with Non-specific

Occupational Overuse Syndrome do not develop the tension required to produce the degree of

muscle ischaemia required to produce pain and so the example of Parker and Denzin had no

relevance to this problem. Valencia, however, argued that over prolonged periods of

continuous sub-maximal activity intra-muscular blood flow may be compromised [Valencia,

19861. The advocates of the fatigue theory expect the results of local muscle fatigue, that is,

muscle failure and associated discomfort, to be directly related to the activity causing the muscle

fatigue, to be temporary and to resolve with rest. "On ceasing the exercise and relaxing, the

symptoms will be relieved" [Parker and Denzin, 1990a]. "Repetition is the essence of

conditioning and recovery from fatigue is rapid and total." [Bloch, 1984]

These features of pain associated with muscle fatigue do not conform to the overall picture of

the symptoms and signs associated with Non-specific Occupational Overuse Syndrome. Sites

of tenderness which persist over time and can be observed both in the absence of recent activity

which might cause fatigue and also in the absence of symptoms, seem unlikely to be caused by
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a fatigue process. The presence of symptoms which frequently occur in the absence of any

objective or subjective evidence of muscular failure is also evidence against physiological

fatigue as being the primary factor in the development of the symptoms of Non-specific

Occupational Overuse Syndrome.

The following is a discussion of the results of the study in detail with consideration of the

hypotheses presented in Chapter 3, section 3.3.

5.2. Hypotheses tested with use of data from the Cross-sectional analysis.

5.2.1, Hypothesis 1.

The first hypothesis was that the musculo-skeletal structures of "normal" individuals are non-

tender. The expectation prior to coÍr.mencement of data collection was that asymptomatic

individuals would be non tender. In this study, however, the presence of tenderness was found

in 56Vo of the asymptomatic first year university students, both from the music and non-music

student groups. For this hypothesis to be true and consistent with this finding it must be

concluded that 56Vo of the asymptomatic first year university students were "abnormal". If,

however, this conclusion is not accepted and the presence of tenderness in 56Vo of the

asymptomatic flust year university students is taken to be inconsistent with the first hypothesis,

then the implication is that the presence of tenderness on physical examination should not

necessarily be considered an abnormal finding. It does, however, raise the question as to the

significance of tenderness in "normal" individuals.

Confirmation of this high prevalence of tenderness in asymptomatic individuals was found in

two previous studies. Sola et al reported a survey of 200 asymptomatic individuals and found

that "54Vo of the \ryomen and 45Vo of the men had latent trigger points (sites of tenderness

without symptoms) in the shoulder girdle muscles" [Sola et al, 1955]. A study by Yunus et al

reported finding at least one tender point in 48Vo of the subjects in a group of 50 asymptomatic

individuals [Yunus et al, 1981].

5,2,2. Hypothesis 2.

The second hypothesis was that the musculo-skeletal sttuctures of "normal" individuals a¡e not

painful. This study found that377o of f,rrst year Instrumental Music Students and lOVo of the

first year students from other courses experienced minor levels of pain associated with activity

(classif,red as having "Inconsequential symptoms"). In order to accept this hypothesis one must

therefore conclude that 37 Vo of first year Instrumental Music Students and lOVo of the frst year

students from other courses were abnormal. The alternative conclusion is to reject this

hypothesis and to conclude that the experience of "Inconsequential" symptoms is a common
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experience of "normal" individuals. The significance of such "Inconsequential" symptoms in

"normal" individuals then becomes a further issue which remains to be explained. The fatigue

theory is at least consistent with the mino¡ aches and pains experienced in the "fnconsequential

Symptoms" category but an additional factor must be evoked to explain the progression of

minor pain to severe pain as experienced by those in the "Consequential Symptoms" category.

It was not possible to conceive of a reason for malingering or conscious exaggeration in most of

the music students who reported such symptoms. Quite the reverse, they were often very

concerned that they might miss a concert, music camp or even a tour with one of the music

groups. There was no reason for them to consciously wish for their problem to appear worse

than is was. Nevertheless, it was apparent that while they continued with the activities they

were engaged in without any alteration the symptoms were becoming progressively more

severe.

The prevalence of "Inconsequential" Symptoms in this study is consistent with that found by

other investigators. Hadler has stated that the overall prevalence of neck/arm pain in adults is

I1Vo lHadler, 19851. Gow reported a survey of clerical and keyboard workers in New ZeaJand

in which the prevalence of musculo-skeletal symptoms \¡/as 507o lGow, 19871.

5.2.3. Hypothesis 3.

The Instrumental Music Students had a higher prevalence of symptoms than the Students from

other courses (37Vo cf LOVo) and this could be shown to be related to the activities of music

making (Tables 20-25, chapter 4). This data is consistent with the third hypothesis, that those

involved in activities associated with higher levels of upper-limb activity will have a higher

prevalence of symptoms consistent with a diagnosis of Non-specific Occupational Overuse

Syndrome.

5.3. Hypotheses tested with use of data from the Case-Control analysis.

5.3.1. Hypothesis 4.

It was not possible to develop a control group in which it would be possible to determine the

frequency with which changes in activity were not associated with the onset of symptoms.

Consequently it was not possible to directly determine the impact of changes in activity on the

development of symptoms of Non-specific Occupational Overuse Syndrome. Nevertheless, the

frequency with which the onset of symptoms was associated with changes in activity in the

symptomatic categories was determined. This association was seen in 35Vo of those in the

"fnconsequential" diagnostic category and 54Vo of the "Consequential" diagnostic category'

The lack of controls means that the significance of this observed association remains unclear.

There was a strong impression, however, that the change in activities was an aetiological factor
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in the onset of symptoms in a large proportion of cases. This result is not inconsistent with

hypothesis 4, that change in activity levels increases risk of Non-specific Occupational Overuse

Syndrome.

5.3.2. Hypothesis 5.

Although there were significant differences between the mean number of sites of tenderness in

the three diagnostic categories there was a considerable range of values in each category. This

was demonstrated graphically in section 4.4.2.2, Figure xx (Page 66) with a graph showing the

distribution of the number of tender sites in each diagnostic category. As an illustration of the

overlap between the categories, there were 23Vo of the "No Symptoms" category,53Vo of the

"Inconsequential Symptoms" category and 46Vo of the "Consequential Symptoms" category,

within the range 5 f.o L4 sites of tenderness. Consequently, neither the presence of tenderness

nor the actual number of sites of tenderness could be used as a clear indicator as to which

category an individual belonged. Thus, the data does not strongly support the fifth hypothesis,

that clinical examination is able to discriminate between those with Non-specific Occupational

Overuse Syndrome and those not affected on the basis of the presence of tender sites. Fry's

claim that the presence of tenderness in the muscles and ligaments around the hand and wrist

"are vi¡tually diagnostic of overuse injury" [Fry, 1986a] must be seriously questioned.

A similar finding was made when observing the prevalence of tenderness in asymptomatic

areas. Although there were significant differences between the mean prevalence of tenderness

in asymptomatic areas, between the three diagnostic categories there was a considerable range

of values in each category. Consequently, the prevalence of tenderness in asymptomatic a¡eas

could not be used as a clear indicator as to which category an individual belonged.

One of the central criteria required to make a diagnosis of conversion hysteria is that

psychological factors must be judged to be aetiologically related to the symptom. The group of

asymptomatic individuals with tenderness had no symptoms and, prior to their assessment, had

no awareness of any abnormality. It is not possible to propose a psychological mechanism as

the origin of the phenomena observed in this group. For the data to be consistent with the

theory of conversion hysteria, it must be concluded that there is a qualitative difference in the

nature of the tender sites found in this group.

The group with "Inconsequential" symptoms had not considered those symptoms to be of any

consequence. The symptoms had not been associated with a change in their activities, their

interaction with others or indeed anything which could be interpreted as being associated with

some psychological conflict or need. Consequently, the process causing the symptoms in this

group could not be conversion neurosis. Thus, for the data to be consistent with the theory of

conversion hysteria in the Non-specific Occupational Overuse Syndrome, as it affects those

whose lives are affected by their symptoms (those with "Consequential" symptoms), the
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conclusion must be that there is a qualitative difference in the nature of the process causing

symptoms in the "Inconsequential Symptoms" category.

At this stage it seemed that the process observed in this study, which certainly seemed to be

consistent with the Non-specific Occupational Overusé Syndrome as described by other

researchers, could not be adequately explained by the Conversion Hysteria theory.

It is, also, difficult to accept the required conclusions necessary to make the data consistent with

the theory of local pathology. It would have to be accepted that only the 42 students with no

symptoms and no sites of tenderness out of a total of 148 first year university students initially

assessed (28Vo), were "normal" or in other words unaffected by the pathological process which

caused the symptoms of Non-specific Occupational Overuse Syndrome.

5.3.3. Hypothesis 6.

An important finding was that, in 48Vo (27 of 56) of the individuals presenting for treatment of

symptoms consistent with the Occupational Overuse Syndrome, a specific diagnosis was

found. Once the cases in which specific diagnoses had been identified were excluded,

however, the remaining cases, where no specific diagnosis could be made (Non-specific

Occupational Overuse Syndrome with "Consequential " symptoms), did seem to demonstrate

consistent features. Contrary to previous expectations these features did not show discrete

differences from the other diagnostic categories defined for Non-specif,rc Occupational Overuse

Syndrome but seemed to demonstrate a continuous but significant variation of features. The

data seemed to suggest that the phenomena which were observed were due to a single process

directly related to the activities with which it was associated and this process seemed to be

present at varying levels of expression across all diagnostic categories of Non-specific

Occupational Overuse Syndrome . Thus, the hypothesis that the majority of cases of Non-

specific Occupational Overuse Syndrome are caused by a single process, was supported.

5.4. Hypotheses tested with use of data from the Prospective analysis.

5.4.1. Hypothesis 7.

Despite the fact that there was a significant difference in the mean number of sites of tendemess

between diagnostic categories, the number of sites of tenderness present at the beginning of the

prospective study was not shown to be useful in predicting who was more likely to develop

symptoms at a later time. Thus, the data is inconsistent with hypothesis number 7, that the

presence of tender sites increases the risk of later development of Non-specific Occupational

Overuse Syndrome. The data does not support the proposition that tender sites indicate the
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presence of, and are a measure of the severity of physical pathology which, if present, is likely

to eventually progress to a more severe state.

5.4.2. Hypothesis 8.

The data has shown that the presence of "Inconsequential" symptoms does not increase the

likelihood of subsequent development of "Consequential" symptoms. Thus the data does not

support hypothesis 8, that "fnconsequential" symptoms increase the risk of developing

"Consequential" symptoms of Non-specific Occupational Overuse Syndrome . The data can be

said to be inconsistent with the proposition that the prescnce of "Inconsequential" symptoms is

an indicator of an early stage in the pathological process which, if present, is likely to eventually

progress to a more severe state.

5.4.3. Hypothesis 9,

The exploratory nature of this study is most apparent when considering the investigation of this

hypothesis. Seven factors which were considered to be aspects of physical fitness were studied

to discover whether or not low values were associated with higher incidence of Non-specific

Occupational Overuse Syndrome.

Out of these 7 possible factors, one aspect of physical fitness was found to be associated with

the development of Non-specific Occupational Overuse Syndrome, that is weakness of grip.

There is, however, a complication regarding this. The association between weakness of grip

and increased risk of developing Non-specific Occupational Overuse Syndrome was only

demonstrated for females and not males. As expected males had a significantly higher mean

grip strength than the females (53.7 vs 32.2 Kg force; Student's t-test p < 0.0001). This could

be due to genetic factors or developmental factors or both. It could be that there is a threshold

effect on whether grip strength is a risk factor or not and that all of the males in the study had

grip strength above this threshold. Certainly the lowest male grip strength was 38 Kg force,

which was greater that the mean value for the females. Thus, it might be that, for the males in

the study, it was not possible to observe grip strength as a risk factor. Nevertheless, the fact

that a physical variable has been shown to be a significant risk factor seems important. It
suggests that, what ever process is operating, physical factors play a part. Thus, the data does

support hypothesis 7. At least one aspect of increased physical fitness decreases risk of Non-

specific Occupational Overuse Syndrome.

5.4.4. Hypothesis 10.

Two physical attributes were measured to investigate whether or not they were associated with

an increased incidence of Non-specific Occupational Overuse Syndrome. These were the width

of the subjects hand span and their Body Mass Index. No significant association was found.
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The music students included in the study played a wide range of instruments. There were too

few subjects, however, to analyse the study variables for each musical instrument individually,

consequently the possibility that certain physical attributes are important for some instruments

and not for others could not be assessed. This study only collected data for two such factors

and there may well be others that are of importance.

Although the results failed to find evidence in favour of hypothesis 10, that certain physical

attributes increase risk of Non-specific Occupational Overuse Syndrome, there is inadequate

data with which to argue against it. Intuitively it would seem to warrant fuither investigation.

5.4,5. Hypothesis 11.

The study variable, "Number of hours of instrumental music performance per week" reported

by the music students at the time of the University Health Service "Health Check", showed

significant variation between diagnostic categories of Non-specific Occupational Overuse

Syndrome. The mean value of this study variable was significantly greater for the

"Inconsequential symptoms" category than either the "No symptoms" or "Consequential

symptoms" categories. The implications of this finding are somewhat difficult to interpret.

Unfortunately this parameter was not particularly appropriate for the investigation of hypothesis

11, that high activity levels increase risk of Non-specific Occupational Overuse Syndrome for

the reasons outlined below.

The information for this study variable was collected during the first year of the music students'

undergraduate studies at the University Health Service "Health Check", which occurred at the

beginning of the course. Activity levels could change from day to day and week to week and

would be affected by many factors. In order to determine whether or not high activity levels

increase risk, it would be necessary to know the maximum levels of activity undertaken during

the course. The value of the study variable actually measured (the activity level at the beginning

of the course) need not bear a direct relationship to the maximum level of activity. Although

direct correlation between the two parameters is unlikely, it is likely that there is some form of

relationship. The nature of this relationship is not possible to determine precisely and so any

conclusions made from the analysis of this study variable, which would depend on the nature of

this relationship, must remain conjectural. One possible relationship is that those students who

were already in the habit of high levels of activity might have been more likely to continue with

high levels during a degree music course and that some of those who initiatly had lower levels

of activity might have found that subsequent demands of the course led them to increase their

activity levels. Based on this proposed relationship it is possible to suggest an explanation of

the findings from the analysis of this study variable as follows. Continued high levels of

activity might be associated with increased risk of "Inconsequential" symptoms and a change

from low levels to high levels of activity might be associated with an increased risk of
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It must be reiterated that these suggested associations remain

Although the null hypothesis of no association between the "No. of hours of instrumental music

performance per week undertaken at the beginning of the course" and the "followup diagnostic

classification" 'was rejected, these results can not be said to confirm hypothesis 11 because, in

retrospect, the study variable used can not be said to be a direct indicator of either maximum

activity levels or the level of activity occurring at the time at which symptoms developed.

Nevertheless, it does seem to suggest that activity levels are an important factor in the

development of symptoms.

5.4.6. Hypothesis 12.

The study has identified three psychological factors as possible risk factors.

1. General Hypochondriasis (fear of disease) would seem to act indirectly by making

individuals more aware and anxious of "Inconsequential" symptoms as well as causing them to

react more strongly to the same level of symptoms. It is interesting to note that the

"Inconsequential" Symptoms category had the highest mean value for General

Hypochondriasis. An explanation for this could be that, given a group of people who have

experienced very minimal symptoms, those with a high score for General Hypochondriasis are

more likely to recall those symptoms than those with a low score. Thus, at the border between

the categories "No Symptoms" and "Inconsequential Symptoms", whether or not an individual

reports symptoms leading to a classification into one or other of the categories is, in part,

determined by this tendency towards a high score of General Hypochondriasis. The mean

score of the "Consequential Symptoms" category lies almost midway between that of the

"Inconsequential Symptoms" category and the "No Symptoms" category. An explanation for

this may be that those with severe symptoms will have their activities affected irrespective of

their tendency towards General Hypochondriasis. Thus, this pattern of association would seem

to suggest that this psychological factor does not have a direct effect on the presence or severity

of symptoms but affects the way in which an individual responds to symptoms if they do occur.

2. The factor "Affective Disturbance", is most characterised by a tendency towards dysphoria

(anxiety and depression). This factor would seem to act by directly increasing the risk of

development of symptoms, but not affecting whether the symptoms are expressed as

"Consequential" or "Inconsequential". There was minimal difference between the mean score

for the "fnconsequential" and "Consequential" Symptoms categories but there was a

significantly larger difference between these categories and the "No Symptoms" category. An

explanation for this may be that the presence of psychological tgnsion or anxiety is associated

with increased physical tension [Wigley, 1990a][Salminen et al, 1991][McPhee, 1983]. Thus a

tendency for increased psychological tension or anxiety is associated with an increased tendency
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towards physical tension. The combination of increased physical tension and excessive activity

could act synergisticly to amplify the effect of the process which causes activity related pain.

Evidence was found in a recent study by Moulton and Spence [Moulton & Spence, 1992] that

when psychological tension or anxiety is associated with increased physical tension, pain

associated with activity is more likely. This study found that a group of 14 musicians who

experienced pain related to activity, responded to a stressful physical task with increased muscle

tension, whereas a control group of 14 musicians who did not have activity related pain did not

develop increased muscle tension as a response to a similar stimulus.

3. The influence of the psychological tendency "Psychological vs Somatic Orientation" seems

also to act indirectly by affecting an individual's response if symptoms do occur. The mean

value of this parameter for the "No Symptoms" category lay mid-way between the means for

the "Inconsequential" and the "Consequential Symptoms" categories. An explanation for this

could be that if no symptoms are present then this psychological tendency has no effect. If
however symptoms do occur then an individual's response to those symptoms will be in part

determined by his/her perception of those symptoms. Those who perceive the symptoms to be

the result of psychological causes (those who have a tendency towards a higher score on this

factor) would be likely to ignore the symptoms and not seek medical help. Consequently, their

symptoms would be classified as being of no consequence (Inconsequential). Those who tend

to assume that the symptoms have a physical cause (those who have a tendency towards a lower

score) would be likely to seek medical advice. Consequently, their symptoms would be

classifred as being of some consequence (Consequential).

How can the results from measurement of these psychological factors be reconciled with the

previous theories?

Only one of the factors, shown by previous research to be indicative of conversion neurosis,

was found to be of importance in relation to Non-specific Occupational Overuse Syndrome, ie.

"Psychological vs Somatic Orientation". The expected result based on the theory of conversion

neurosis is that higher levels of somatization would be associated with greater severity of

symptoms. In this study, however, "Psychological vs Somatic Orientation" does not correlate

with the severity of symptoms but conversely varies in a non-linear pattern indicating that there

is variability in the way in which individuals with symptoms will react to those symptoms.

Thus, the results of the assessment of psychological profiles do not strengthen the case for the

theory of conversion neurosis.

It would seem that these psychological factors are neither evidence for nor against the theories

of local pathology. They do, however, indicate that the diagnostic classification which has been

identified for the purposes of this study, does not simply specify a degree of severity of

symptoms. The sub-classification of Non-specific Occupational Overuse Syndrome into
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"Inconsequential" and "Consequential" Symptoms is defined on the basis of the way in which

an individual responds to symptoms. These categories are distinguished by whether or not the

symptoms are of any consequence to that individual.(See section 3.10). The study has

demonstrated that this response is not only affected by the severity of symptoms but that it is
also affected in a non linear fashion by various psychological tendencies.

The means of these various psychological factors for all the diagnostic categories were similar

to the standardised normal population of general practice patients and differed significantly from

the standardised abnormal populations, Chapter 4, Table 80. Thus, although significant trends

were found for three factors, the magnitude of the difference between diagnostic categories,

even for the three factors with significant variation between diagnostic categories, could not be

taken to indicate the presence of significant trends towards psychological pathology in any

category. Nevertheless, it is true that the results did support hypothesis 12, that psychological

factors are associated with increased risk of Non-specific Occupational Overuse Syndrome.

5.5. Summary

The effect of the factors which have been identified in the study does not consistently bear a

linear relationship to what might be considered the severity of symptoms. Conversely, the

determinants of what causes individuals to develop symptoms and to react in certain ways to

those symptoms are shown to be a complex combination of a number of physical and

psychological factors.

A similar result was found in a study by Helliwell et al who performed a cross-sectional

analysis of ergonomic and psychological factors in 63 factory workers in an industrial company

in Britain and compared these with the presence of upper-limb symptoms. They also found that

the presence of such symptoms could be attributed to a combination of the psychological and

physical factors which they assessed. [Helliwell et al, 1992)

The findings are inconsistent with two of the hypotheses which form the basis of certain

assumptions implied by advocates of both the theories of psychological and physical pathology.

The hypothesis that the musculo-skeletal structures of normal individuals are non-tender was

rejected, as was the hypothesis that the musculo-skeletal structures of normal individuals are not

painful. The alternative proposition required by the rejection of these hypotheses is that

tenderness is a common finding in the musculo-skeletal structures of normal individuals and

that the experience of minor degrees of pain in musculo-skeletal structures in the association

with activity is a common occulrence in normal individuals.

As a consequence of finding both tenderness and minor degrees of activity-related pain

commonly in normal individuals it can be said that none of the associations which have been
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found in this study with regard to these factors permit a clear distinction to be made between the

diagnostic categories. Indeed in contra distinction to this there appears to be considerable

overlap between categories. In other words, there did not appear to be any qualitative

difference between either the tenderness elicited in nor the discomfort experienced by normal

individuals and individuals qualifying as "patients". Thus, the proposition that there was a

pathological change occurring, either physical or psychological, which generated the difference

between affected and unaffected individuals, was not supported by the analysis of the data

pertaining to these factors.

The finding that the prcvalence of symptoms was directly related to the activities with which

individuals were engaged and that changes in activity levels seemed to be associated with the

onset of symptoms suggested a causal relationship between activity and symptoms. This and

the finding that low grip strength was a risk factor for the development of "Consequential

Symptoms" in women seems to weight in favour of a physical aetiology rather than a

psychological one.

The psychological factors which did show signif,rcant variation between diagnostic categories

were not the ones which supported either general neurotic tendencies or the tendency toward

conversion hysteria as aetiological factors. In addition the range of values for the psychological

factors which did show significant variation was such that none of the categories could be

regarded as differing from the normal range to a clinically significant extent and the overlap

between categories meant that these factors could not be used to predict into which category an

individual would be likely to fall, with any degree of certainty.

On the other hand neither the presence of tender sites nor the presence of "fnconsequential"

symptoms appeared to increase the risk of developing "Consequential" symptoms. The

proposition that these factors were indicative of early stages in the development of a physical

pathology was consequently not supported.

Nevertheless, the data has shown a number of highly statistically significant trends across the

various diagnostic categories of Non-specific Occupational Overuse Syndrome. The musculo-

skeletal tissues of those individuals with apparently more severe symptoms were significantly

more sensitive to digital palpation than those individuals with symptoms of lesser degree.

Importantly this was most clearly demonstrable in the areas of the upper-limbs which were

asymptomatic. This would seem to support the suggestion that there was a physical rather than

psychological difference leading to this alteration in sensitivity. Thus, this is evidence against

the theory of psychological pathology. Although the finding of increased risk for those with

lower grip strength would seem to favour fatigue as a source of symptoms, the presence of

persistent significant features occurring at times when physiological muscle fatigue would not

actually be present, argues against a direct relationship between fatigue per se and the presence

of symptoms. In addition, the presence of an objectifiable physical difference between
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diagnostic categories also argues agâinst the no pathology theories as previously constructed.

These theories rely on the proposition that the cases of more severe symptoms are the result of

exaggerated claims about the severity of symptoms, rather than any real physical difference.

The analysis of the data in this study demonstrated findings pertinent to 11 out of the 12

hypotheses selected for testing. These findings as a whole do not, however, seem to support

any of the theories upon which the hypotheses were based. Significant differences were found

between diagnostic categories but these differences were quantitative rather than qualitative.

The observations do, however, show consistent patterns present across the diagnostic

categories, suggestive of a single process as the source of the symptoms studied. If this

process does not seem to be attributable to either psychological pathology or physical pathology

and the effects of fatigue do not provide an adequate explanation, then an effort must be made to

find an alternative explanation. A theory which provides such an alternative explanation is

developed in the next chapter.
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Chapter 6. Conclusions

6.1. lntroducing an alternative theory

The discussion to this point has identified a number of fundamental flaws in the previous

attempts to explain the pathophysiology of Non-specific Occupational Overuse Syndrome. The

findings of this study, derived from carefully controlled clinical observations, are clearly

inconsistent with all previous theories. Consequently, it is necessary to attempt to clevelop a

new theory capable of accommodating and explaining both what was previously known about

the syndrome and what has been discovered by the current research project.

Perhaps the most important findings, in this respect, are those which indicate
. that tenderness is widely distributed in "normal", unaffected populations.

' that a significant proportion of the general population experience "Inconsequential"

symptoms which do not disrupt normal activity.

' that the experience of such "Inconsequential" symptoms does not increase the risk of the

subsequent development of "Consequential" symptoms. That is, in a large proportion

of cases, these "Inconsequential" symptoms continue as part of "normal" routine

without increase in severity and may not infrequently resolve spontaneously.

It is these findings in particular which put at issue the assumption, relied on by most of the

previous reseatch, that the presence of tenderness and/or symptoms is necessarily indicative of
the presence of some pathology. To continue to accept this assumption, it is necessary to

classify the majority of the "normal" population as "diseased" (on the basis of tender sites) and

to see 37 percent of music students and 10 percent of other students as experiencing a more

advanced pathology (they reported "Inconsequential" symptoms). Thus, the validity of this

assumption is placed in doubt. To conclude that some activity-based pathology is so widely

distributed in the general population is difficult to accept, but clearly, to argue that pathology is

not necessarily the cause of tenderness and symptoms, makes it necessary to offer an altemative

explanation. This is a key issue which must be resolved before a new, alternative theory is set

out which can provide a more comprehensive and consistent explanation of the pathophysiology

of Non-specific Occupational Overuse Syndrome.

Just how reasonable is the claim that it is possible to have a source of tenderness and pain

which does not have a pathological basis? It is a common clinical observation that where there

is disease there is frequently pain and that physical examination for tenderness is often helpful
in its assessment. It does not necessarily follow, however, that the presence of pain or

discomfort need indicate the presence of pathology, either physical or psychological.
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Can the concept of fatigue, as previously proposed in the literature, be utilized as the source of
pain in the absence of pathology? As discussed in the previous chapter (Section 5.1.3.), the

attempt to equate the pain associated with physiological fatigue and the pain described as

occurring in the Non-specific Occupational Overuse Syndrome has major problems. If this

physiological process must be rejected as an explanation, could there be some other

physiological process occuning which would be able to generate the symptoms observed? One

of the principle features of Non-specific Occupational Overuse Syndrome is the observation that

controlled non-violent activity when performed for extensive periods on a regular basis, can

cause pain in some people and not in others. If there is a physiological process which is the

source of the symptoms of Non-specific Occupational Overuse Syndrome, it must have a

function directly involved with such activities.

There is an example of a physiological process which generates pain and tenderness in the

context of activity which bears close similarities to the problem of Non-specific Occupational

Overuse Syndrome. If people who are "unfit" run even a short distance they will experience

pain and tenderness in their muscles some time later, this phenomenon has been labelled as

"delayed muscle soreness". It has been shown that this phenomenon is not associated with
pathological change in the muscles (an injury) but certain physiological changes can be

demonstrated. Even with this easily reproduced and recognised phenomenon the details of the

actual physiological process involved in generating the experience of discomfort are not

understood in detail [Lancet Editorial, 1987b]. Nevertheless, the association of acutely

increased unaccustomed activity (acute overuse) with pain and tenderness is an accepted

phenomenon which neither causes undue concern for the sufferer nor leads a medical

professional to expect to find pathology [Armstrong, 1984a]fOwen, 1985b]. Certainly this

discomfort will incline affected individuals not to repeat that unaccustomed level of activity

immediately but does not induce fear that they will be unable to perform that activity in the

future.

Conversely, it has been shown that even well trained athletes who run a marathon do suffer

pathological changes in the muscles with demonstrable muscle necrosis [Hikida, 1983][Warhol

et al, 19851. Thus, there is a situation where pain and tenderness will occur as part of a

physiological response to minor levels of excessive, acute activity, presumably to induce an

individual not to continue and so to reduce the risk of that activity being continued to the point

where damage does occur. The level of acute activity which leads to discomfort could be called

the tolerance limit for that activity. It is reasonable to expect that this bears some relationship to

that level of acute activity which would cause damage. Presumably the tolerance limit is
significantly lower than the level at which damage occurs so that the response anticipated from

the experience of discomfort when this limit is exceeded, that is, reduction of activity, will
prevent damage occurring.
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It is well recognised that the discomfort associated with acute activity is frequently delayed by

hours to days [Armstrong, I984a]. A rationale for the characteristics of any physiological

process can be deduced from the expected evolutionary advantage that it would provide. A
situation which might lead to the need for unaccustomed acute activity is likely to be associated

with danger. The immediate experience of pain would interfere with the ability to escape from

such a situation. The delayed experience of pain would induce a subsequent period of
inactivity, permitting a period of recuperation.

If an appropriate training regime is undertaken then physiological changes will occur so that the

level of acute activity which causes discomfort will be raised. Thus, an individual's tolerance to

that activity will have increased. If there is a consistent relationship between tolerance limit and

the level at which damage occurs then it is reasonable to think that training also raises the level

of activity that would be required to cause damage. It can be seen that the level of acute activity

which is both comfortable and safe for an individual is not fixed, it can be modified by

appropriate intervention such as physical training. Thus similar levels of activity will cause pain

in some and not in others.

Careful consideration of the patterns observable from clinical assessment in the course of the

study, has led to the development of a new theory to explain the majority of cases which fall
within the classification Non-specific Occupational Overuse Syndrome. Non-specific

Occupational Overuse Syndrome is associated with regular continuous or repeated activity over

a long time span, that is over days, weeks, months or even years. Thus, the context of Non-

specific Occupational Overuse Syndrome is that of chronic overuse rather than acute overuse.

The key hypothesis postulated here is that there is a process acting in this context of chronic

overuse akin to the process which is more readily observed for acute overuse. This process is

not expected to operate via the same mechanism but would have an analogous protective

function in terms of controlling activity which might, if continued, cause damage. The rationale

for proposing a very different mechanism can be explained by considering the situations leading

to an evolutionary advantage for the presence of such a process. Regular repeated activity is not

likely to be associated with a dangerous situation but rather with the routine regular activities

involved in day to day living. Thus, if there is to be an inbuilt physiological process acting to

limit this kind of activity, it could not be the kind of process activated by some sudden

unexpected event. It must rather be functioning continuously, in some way monitoring day to

day activity so that, if the level of this kind of activity becomes too great, then it will produce

the appropriate stimulus to control that activity. The expectation would be to find evidence for
this process in a wide range of individuals involved in regular continuous activity of various

intensities, not only those who had performed some new unaccustomed activity.

Just such evidence is provided by the findings of the study. For example 56Vo of
asymptomatic individuals have sites of tenderness and 37 Vo of music students and l5Vo of other
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students have "inconsequential symptoms". It is these findings which provide one of the key

supports for the formulation of an alternative theory to explain the origin of symptoms in Non-

specific Occupational Overuse Syndrome.

6.2. The alternative theory.

There is a process which occurs in the structures involved in continuous or repeated
musculo-skeletal activity of every individual, which acts to vary the sensitivity of some
part of those structures proportional to the intensity and duration and inversely
proportional to the efficiency of that activity. The level of sensitivity is also modulated by
other factors such as the individual's level of physical fitness, physical tension and
genetic predisposition. The proposed function of this process is to limit the level of
activity when it exceeds that which is appropriate for an individual's current level of
fitness. When the sensitivity of the structures reaches a certain threshold, then tenderness
can be detected and when it exceeds a higher threshold, then symptoms are experienced.
The lowest activity level at which symptoms are experienced is the tolerance limit for that
activity. That is to say, an individual's tolerance for an activity has been exceeded at the
level of that activity which causes symptoms. This process, thus, becomes functional at
activity levels above the tolerance limit, although the fluctuations of sensitivity which it
induces within the structures involved can be observed at activity levels below this by the
examination for sites of tenderness.

The process functions via the expression of discomfort or pain, with the anticipated effect
of limiting activity. As it is proposed that this process functions continuously in all
people, that it responds to normal physical activity and that its function is to set a limit to
the amount of regular normal activity, it should be considered a normal physiological
control process. The term "Physiological Activity Limitation Process" is proposed to
describe it and the term "Physiological Activity-related Pain" is proposed to describe the
symptom whereby the Physiological Activity Limitation Process exerts its controlling
influence. An individual's actual response to Physiological Activity-related Pain will be
affected by various psychological factors.

6.3. Justification of the "alternative theory"

How does this theory differ from previous theories which have proposed an alternative to

pathological changes as the source for the symptoms of Non-specific Occupational Overuse

Syndrome? These "no pathology" theories are represented by three different approaches. The

first proposes that there is no real problem present at all, "RSI does not exist", the second, that

the cause is malingering and the third, that the symptoms are due to physiological fatigue. It is
obvious that the first two seek to deny the existence of any real physical process, where as this

"alternative theory" seeks to explain what appears to be clear evidence that some real physical

process is present.

The differences between the proposed Physiological Activity Limitation Process and

physiological fatigue is described as follows. The role of the physiological process which
generates fatigue-related pain is essentially passive in that it has no function in the absence of
true fatigue. In contra-distinction it is proposed that the Physiological Activity Limitation
Process is an active process functioning at all times. The function of fatigue-related pain is to

induce immediate rest and so allow the fatigued muscles to recover. The function of the
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Physiological Activity Limitation Process is to protect the body from all the

damaging effects of truly excessive, continuous, controlled activity, not just the

effects on muscles. It is suggested that, although Physiological Activity-related Pain

fatigue pain may coexist, they are not directly related. The stimuli which act as input to the

Physiological Activity Limitation Process are not limited to the stimuli generated by the fatigue

of muscles, although it would see reasonable that these form part of the process.

Although authors advocating the fatigue theory have acknowledged that minor discomfort or

"aching" may be "physiological", they have also implied that when severe pain occurs some

pathological process either physical or psychological must have supervened. Valencia wrote

about fatigue as a "precursor" to RSI implying that RSI is the pathological result [Valencia,

1986]. Grundy made the proposition, "Let us recognise that strenuous repetitive work can

cause physical damage with conditions ranging from tenosynovitis to simple muscular aching"

[Grundy, 1987]. Parker and Denzin [Parker and Denzin, 1990a] stated that "Repetition Strain

Injury is a musculo-skeletal fatigue syndrome". "If appropriate attention is paid to the

ergonomic, fatigue and postural features and to the restoration of normal muscular balance then

the condition is always reversible." They suggested that, if application of these measures are

not effective, then "some secondary gain is present".

In contrast, this theory proposes that the experiences involved in the Non-specif,rc Occupational

Overuse Syndrome, ranging from minor discomfort to severe pain, may all be due to the same

physiological process and do not require the development of disease, injury or neurosis for the

progression to severe pain. It proposes that it is possible for a physiological process to exist

which can induce this full range of sensations.

This aspect of the theory conforms to the concept of "physiological pain" as developed by

V/oolf [V/oolf, 1989]. Woolf developed the concept of "physiological pain" in an article in the

British Journal of Anaesthesia. In this article he pointed out that "the same word, pøirz is used

to label a wide variety of sensations as soon as they become uncomfortable, unpleasant,

irritating, disturbing, severe, intense, distressing, intolerable or disabling." He proposed that

"pain can be divided into two distinct and qualitatively different categories" and suggested the

terms "physiological pain" and "pathological pain" to represent these. The distinction that he

makes "between the two depends on the argument that physiological pain is a 'normal'

sensation, while pathological pain is the consequence of an 'abnormal' state."

"Physiological Pain is used to define the range of transient sensations we experience in

response to stimuli that are of sufficient intensity to threaten to damage tissue or produce small

localized areas of injury". It "can be elicited by mechanical, thermal or chemical stimuli and

clearly defined thresholds can be established at which the sensation stops being one of pressure,

hot or cold and becomes painful". "Physiological pain differs form the sensations produced by

innocuous stimuli in being particularly susceptible to interference from psychological factors
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such as anxiety or suggestion and by being accompanied both by autonomic and affective

responses." He offered two justifications for using the words "physiological pain" to describe

the sensations generated by "non-tissue damaging noxious stimuli". Firstly the "sensory

apparatus involved and the nature of the stimulus-response relationship" are similar to other

physiological sensations. Secondly, "from a teleological perspective, physiological pain has a

protective role". He explained that there are two mechanisms whereby this protective function

is achieved. "Because of the unpleasant nature of the sensations involved, we learn to avoid

certain stimuli and, because of the simultaneous activation of the flexion withdrawal reflex there

is an automatic removal of the body from the source of the stimulus." He points out that

sensations which can be classified as "Physiological pain" are "something we all experience

frequently in our daily lives".

"In contrast, inflammatory and neuropathic pain (pathological pain) appear to be the

consequences of adaptive and maladaptive disturbances which occur within the somatosensory

system. Inflammatory pain retains some teleological resemblance to physiological pain, in that

a protective role can be appreciated". "However, neuropathic pain appears to offer no such

benefit and is the pathological product of a disturbed nervous system."

The primary symptom associated with Non-specific Occupational Overuse Syndrome is that of
pain. However, when an individual experiences symptoms associated with intense

occupational activity the word used to describe those symptoms will, as often as not, be

discomfort rather than pain. This is especially so for those individuals classified as having

"Inconsequential" symptoms. From Woolf's definition it can be seen that the distinction

between discomfort and pain in this context is a matter of semantics and depends upon a

quantitative rather than qualitative difference. These terms indicate a matter of degree rather

than any real functional or anatomical difference. The simple act of lying in bed provides a

demonstration of this. A healthy person lying in one position for an extended period will
initially experience a minor level of discomfort and will respond by changing position long

before the sensation experienced, increases to the level of pain. If, however, an individual

consciously chooses to actively ignore an initial experience of mild discomfort, it would be

possible to cause the level of discomfort to progressively increase until it reaches the stage of

severe pain. Further more, if that individual were able to continue to remain in the one place,

either by conscious decision or by inability to move, despite the experience of pain, then

eventually tissue damage due to localised ischaemia would occur. Pressure sores caused by

lying in one position for too long do occur in patients who can not respond in the normal way to

such physiological pain, either because they do not feel it, or because they are unable to move.

Thus, it is reasonable to think of discomfort as simply the lower end of a spectrum of
sensations, all of which can be classified as physiological pain as defined by V/oolf and hence

to consider the mechanisms which control discomfort and severe physiological pain as one and

the same.
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There are a number of important aspects of physiological pain as defined by Woolf, which have

a direct bearing on an understanding of the implications of the theory of the Physiological

Activity Limitation Process developed in this thesis. If the discomfort or pain which is

observed in the context of Non-specific Occupational Overuse Syndrome is to be labelled as

physiological pain it should be consistent with the characteristics of physiological pain, as

described by V/oolf.

Woolf stated that "physiological pain differs from sensations produced by innocuous stimuli in

being particularly susceptible to interference from psychological factors such as anxiety or

suggestion". The impact of psychological factors on the phenomenon of Non-specific

Occupational Overuse Syndrome has been recognised for a long time. This can be seen from

both the development of the psychological theories of causality and the Australian National

Occupational Health and Safety Commission's report on "RSI". The definition of "RSI" in this

report included the statement "Psycho-social factors, including stress in the working

environment, may be important in the development of Repetition Strain Injury." [Australian

National Occupational Health and Safety Commission, 19861 Helliwell et al reported an

occupational survey in which "Subjects reporting pain were distinguished by higher BSI,

anxiety and depression scores." [Helliwell et al, 1992] The results of this present study have

shown clear evidence of significant effects from psychological factors on the expression of the

symptoms of Non-specific Occupational Overuse Syndrome (section 4.5.7, Analysis of
Psychological data). Of the three factors found in this study, anxiety is a major component of
"Affective Disturbance" and suggestion can be seen to influence the factors "General

hypochondriasis" and "Psychological versus Somatic Concern".

Woolf also indicated that physiological pain is likely to be "accompanied by both autonomic and

affective responses." The presence of autonomic responses in cases of Non-specific

Occupational Overuse Syndrome were reported by Lowy in 1983 [Lowy, 1983] and have been

reiterated many times since. [Graham and Mills, 1984][Gow, l987][Lockwood and Lindsay,

19891 The presence of affective responses has also been frequently commented on. Stone

stated that "The constant pain and inability to work, both at home and in employment, leads to

frustration and depression." [Stone, 1983a] Fry stated of Non-specific Occupational Overuse

Syndrome (his term Overuse Injury Syndrome), "There are two major symptoms: pain and mild

fluctuating depression." lFry, 1986b] McDermott commented that "Depression is common in

patients with persistent symptoms." [McDermott, 1986].

One of the features of physiological pain as described by V/oolf , that of a "flexion withdrawal

reflex?', is not evident in the phenomenology of Non-specific Occupational Overuse Syndrome.

In the normal and healthy operation of the Physiological Activity Limitation Process, however,

the generation of such a response would not be expected. The circumstance in which this

process occurs is that of a safe and routine situation of normal activity. In such a circumstance

an instant unconscious movement would not be likely to be beneficial or "protective". On the
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other hand, the characteristics of the unpleasant sensations, which it is proposed be called

"Physiological Activity-related Pain" are not inappropriate for this circumstance. They are not

sudden or sharp sensations but usually come on gradually at low severity, building up in

intensity over time. There are other situations in which physiological pain occurs which also

lack both a potential role and any detectable presence of this unconscious withdrawal response.

These include the example of fatigue pain described by Pa¡ker and Denzin [Parker and Denzin,

1990a1 and the example of pain induced by lying in one position for too long, described above.

Further implications of the flexion withdrawal reflex are discussed in a later section (section

6.5.1.5.5.) when the possibility of dysfunction of the Physiological Activity Limitation Process

is considered.

Thus the "alternative theory", that Non-specific Occupational Overuse Syndrome could in large

part be seen to be due to a Physiological Activity Limitation Process leading to Physiological

Activity-related Pain, is consistent with the features of physiological pain as proposed by

V/oolf.

Another relevant characteristic implicit in the physiological pain concept described by Woolf, is

the inherent implication of "threat of tissue damage" in the context of "non-tissue damaging

noxious stimuli" and its "protective role". Both the concepts of protection and threat of damage

imply the potential for damage if the cause of the stimulus which generated the physiological

pain is increased or continued to a significant degree. These concepts imply the existence of a

second threshold which is higher than that described by Woolf for the experience of
physiological pain. This second threshold is at the level of stimulus sufficient to cause

significant tissue damage and consequently to transform the experience of physiological pain to

that of pathological pain. Thus the concept of Physiological Activity-related Pain implies that

there is a threshold level of ongoing normal activity, at which damage to the structures involved

can occur. This threshold must be significantly greater than the level of activity at which

Physiological Activity-related Pain is first experienced (the tolerance limit for that activity).

This can be compared with the two equivalent pain thresholds for the application of heat. The

lower threshold is sufficient to generate the experience of "physiological pain" but insufficient

to cause tissue damage (for example placing a hand into very hot but not boiling water for a few

seconds) and the higher threshold is sufficient to cause a burn and consequently generate the

experience of "pathological pain" (for example placing a hand into boiling water).

Is there any evidence that excessive "normal" activity can cause demonstrable tissue damage?

Some authors have claimed that normal occupational activity can not cause pathological

changes. "The fact is that it is physiologically impossible to cause pennanent injury to striated

muscle, either isometrically or dynamically" [Awerbuch, 1984]. "The issue we are considering

is whether any particular musculoskeletal usage which in and of itself is reasonable,

comfortable, and customary and which can be repeated without undue distress can lead to
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specific musculoskeletal damage over time" [Hadler, 1990]. Other authors have put forward

the opposite view. "There is ample evidence that repetitive activities can be combined with

abnormal strain to produce physical abnormalities" [Grundy, 1987]. "We find considerable

support from clinical reports and laboratory and epidemiologic studies that highly repetitive and

high hand force activities are causally related to both pain and specific clinical syndromes of the

forearm, wrist and hands" [Silverstein & Fine, 1991]. A number of authors claim to have

demonstrated an association between excessive regular activity and certain specific diagnostic

entities. These include objectively proven tenosynovitis [Welch,1972] and carpal tunnel

syndrome [Masear et al, 1986][Barnhart et al, l99l][Armstrong et al, 1984b].

The condition associated with excessive activity over an extended period which is most

analogous to the muscle damage caused by excessive activity in acute overuse i.e. marathon

running, is however, peritendinitis crepitans. Although some authors have equated

peritendinitis crepitans with RSI and by implication Non-specific Occupational Overuse

Syndrome [Fry, 1986b], it would seem that to do so is to fail to take into account recognised

features of each allowing clear differentiation.

Peritendinitis crepitans was first labelled as such by Troell in 1918 [Troell, 1918] although

descriptions of cases with similar features had been made previously fHunter, 19]51. The

particular objective feature of this condition, which demonstrates the presence of local

pathology, is the presence of palpable crepitation over the muscles affected and absence of
clinical signs directly relating to the tendons and tendon sheaths, thus, differentiating it from

tendonitis and tenosynovitis.

Howard [Howard, 1937], in 1931 reconfirmed this work and described the condition as "A
Muscle-Effort Syndrome". He described a series of 32 cases and felt that there was a causal

relationship of excessive and/or unusual activity with all cases. Symptoms occur¡ed "after a

long lay-off from work or shortly after a change from habitual work to an unfamiliar task

requiring new and rapid movements. Continuation of the same work gave rise to severe pain".

This process occurred over a period of days or weeks. He performed biopsy studies on three

cases and found obvious pathological changes in the muscle and adjacent tissue. He concluded

that "Peritendinitis crepitans is the result of exhaustion of particular muscle groups by

unaccustomed and unremitting toil".

Thompson et al presented equivalent results in a series of 419 cases of peritendinitis crepitans.

These were part of a series of 544 cases of occupationally related upperJimb pain and these

cases were noted by them to be clinically distinct from tenosynovitis (125 cases) [Thompson,

19511. He also presented 5 cases in which tissue biopsies had been taken providing histologic

confirmation of pathological changes. He identified five main aetiological factors. 1. Some

occupational change necessitating unaccustomed work (144 cases). 2. return to work after

absence (114 cases). 3. local strain either repetitive or single (79 cases).
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4. direct trauma (76 cases) . 5. simple repetitive stereotyped movements associated with

intensity of effort and speed (53).

The demonstration of pathological changes in muscle resulting from excessive occupational

activity in this condition is clear evidence that it is possible to exceed the tolerance of the

structures involved to the point of structural damage. This also makes peritendinitis crepitans

fall within the classification of Specific Occupational Overuse Syndrome rather than Non-

specific Occupational Overuse Syndrome as defined in this study.

Although this "alternative theory" has been developed on the basis of an analogy with acute

overuse, it appears likely that the processes occurring with acute ovemse and the hypothesised

Physiological Activity Limitation Process are, most probably, fundamentally different.

There are certain fundamental features of this hypothesis which point to the possible sites of
action for this process. The hypothesis proposes a physiological process which modulates the

sensitivity of the structures involved in activity, in other words, which causes changes in the

level of stimulation required to induce an experience of discomfort or pain. The experience of
physiological pain involves the stimulation of an adequate number of appropriate peripheral

sensory nerves which in turn stimulate neural centres in the central nervous system and these,

through a complex system of neural processing, eventually impinge on the sensory cerebral

cortex. This leads to a conscious experience of pain or discomfort, depending on the intensity

of the stimulus and the interpretation by the individual. Potentially all levels involved in the

control, sensation and activation of activity, are implicated. Changes in the structures involved

in activity, such as changes in the oxygen tension within muscles, could change the stimulation

of sensory endings within those muscles, changes within the sensory endings themselves could

mean that their threshold for stimulation is altered and changes within the central nsrvous

system could alter the peripheral level of input required to lead to propagation of that stimulus to

the sensory cortex. Thus, it can be seen that the hypothesised Physiological Activity Limitation

Process could be operating at a wide range of possible anatomical sites. Although this study

has proposed that this physiological process is an explanation for the majority of cases of Non-

specific Occupational Overuse Syndrome it can not provide specific details of its nature. This

must be left for subsequent research to investigate. If the hypothesis presented in this thesis is

to gain widespread support, then there will be need for such research to identify and

characterise the nature of this physiological process in a normal, clearly non-pathological

context.
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Corollaries to the findings of this study and the resultant theory developed are as follows.

1. A significant proportion of individuals who present to a medical practitioner with symptoms

consistent with Occupational Overuse Syndrome, if appropriately assessed, will be found to

have specific identifiable physical pathology. The present study found 48Vo of the individuals

presenting with Occupational Overuse Syndrome to have specific diagnoses. The findings of
Sikorski [Sikorski, 1988] parallel these. He found that 58Vo of the patients presenting to his

"RSI" clinic were eventually found to have a specific diagnosis. This fact can not be over

emphasised. The medical community's failure to understand the nature of Non-specific

Occupational Overuse Syndrome has led not only to failure to develop an effective consistent

plan of management but also to the failure to differentiate and discriminate between Non-

specific Occupational Overuse Syndrome and Specific Occupational Overuse Syndrome. It is

perhaps the latter which is the most unfortunate for this must on occasion lead to delay in
provision of appropriate treatment.

2. In the majority of cases with no identifiable physical pathology (those fulfilling the criteria

for Non-specific Occupational Overuse Syndrome) the symptoms can be explained as due to a

physical process which is directly related to the activity with which it is associated. This

physical process is best described as a Physiological Activity Limitation Process. It is proposed

that the symptoms generated by this process can best be labelled Physiological Activity-related

Pain and as such can not be taken to imply the presence of an injury. The reason that no

pathology can be detected in this situation is that no pathology is present.

3. It is likely that a wide range of factors influence the Physiological Activity Limitation

Process and so act to modify Physiological Activity-related Pain. This study has identified a

number of these but further research is warranted. Evidence that aspects of physical fitness are

important modifiers has been shown. Evidence has also been found to show that psychological

factors act to modify both the experience of pain and an individual's response to it, both directly

and indirectly.

Given that the Physiological Activity Limitation Process functions in all people with varying

degrees of expression then it is to be expected that symptoms attributable to it, Physiological

Activity-related Pain, and symptoms caused by some completely independent process,

pathological or otherwise, may coexist. In fact it would seem likely that they would interact. A
localised pathology causing pain might be expected to cause increased tension, a compensatory

change in posture and/or technique. Such changes would be expected to dhectly influence the

Physiological Activity Limitation Process and so lead to increased levels of pain in associated

areas. Assessment of any form of activity-related pain should take this likely combination of
symptoms into account. Identification of a site of localised pathology does not rule out
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Physiological Activity-related Pain as a contributory source of symptoms and conversely the

presence of features consistent with Physiological Activity-related Pain does not rule out the

additional presence of some form of Specific Occupational Overuse Syndrome. It may well be

that this is one of the factors which makes assessment of upper-limb pain difficult and

confusing.

4. Previously, the medico-legal debate centred around whether or not occupational activity was

the cause of the disease "Non-specific Occupational Overuse Syndrome". This alternative

theory argues that symptoms of Non-specific Occupational Overuse Syndrome can be seen, in

the majority of cases, to be due to a physical process directly affected by the occupational

activities in question but rarely imply the presence of a disease or injury. What this means as

far as compensation is concerned must be left to the courts to decide.

6.5. Consequences of the acceptance of this "alternative theory"

If this theory is confirmed by further research and so becomes generally accepted, then there

would be a number of benefits to be gained for the community as well as certain consequences

which may not be seen as favourable by some groups of people.

6.5.1. Explanation of significant observed phenomena

There are certain observed phenomena occurring within the framework of Non-specific

Occupational Overuse Syndrome which have been difficult to understand on the basis of
previous theories. This theory enables a number of these phenomena to be explained.

6.5.1.1. The success of certain empirical measures

Initial attempts to develop management programs were based largely on empirical observations.

McPhee presented a systematic approach to both prevention and management at the 1983

Australian Physiotherapy Association Conference in Adelaide, South Australia [McPhee,

1983]. She based her approach on an analysis of the previous literature and her own

observations. She expounded the theory that there were 6 factors which "would appear to be

the direct causes of repetition injuries."
. The number of movements

. The load or force required

. The amount of static muscle work used

. Stressful work postures of the body generally and / or particular joints

. The individual's physical capacity

. Time
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She suggested "that increased risk of strain in each individual occurs when:"
. ne'rff demands are placed on the individual
. he or she habitually works beyond his or her capacity

. personal, social or environmental factors reduce the individual's tolerance to

physical stress.

In addition she suggested that "much more attention needed to be paid to the ergonomic design

of work. The ergonomic approach to work analysis consists of three elements:"

. Task design

. Worþlace design

. Work organisation factors.

Ferguson summarizes the conventional approach to management which evolved out of these

concepts. "Appropriate activity, the relief of anxiety and an attention to ergonomics are the

preferred management, although ultimately the best management lies in prevention." [Ferguson,

19871

On the basis of such principles and in the absence of any convincing evidence to the contrary

most large employers undertook to introduce ergonomic improvements in their work places

with the aim of prevention. Management programs for individual patients sought to address

these issues. On the basis that the pathological changes inferred by the presence of pain would

benefit from physical treatment, such modalities as physiotherapy, manipulation, splintage,

analgesics/anti-inflammatory medication, acupuncture and surgery were often utilized. The

effectiveness of such programs has been reported in the literature and seems to have had

varying success.

'Wilson reported a series of 4 patients who "presented with pain at rest in the wrists and

forearms as a result of keyboard work." He made a particularly salient point in describing the

intellectual response of his patients. "Their initial reaction was bewilderment that such a thing

could happen, then severe anxiety as a result of the widespread publicity given to RSL" He

provided a management program on the standard model and was able to report that "All cases

settled within a few weeks on a programme of rest, support, and investigation of work (and

sometimes home) conditions." fWilson, 1985]

Fry described the results of treatment of 379 musicians [Fry, 1986b]. A number of these had

received previous treatment. He reported lack of benefit from such treatment modalities as

"anti-inflammatory drugs and muscle relaxant agents". Twenty patients had previously received

surgery without improvement. After classification according to his arbitrary system of grading

(listed in chapter 2, section 2.4.3.), he allocated the patients to two different treatment regimes,

also in a somewhat arbitrary fashion. The proportion in each grade was: Grade 1,29.6Vo;

Grade 2,28.8Vo; Grade 3,2I.9Vo; Grade 4, l3.5Vo; Grade 5, 6.3Vo. "Grade 1, Grade 2 and

some Grade 3 injuries were usually treated by modifications of technique, practice habits,

page- 109-



rwhite, 1995: chapter 6

posture, or teaching of body awareness and control." "Patients with Grade 5 , Grade 4, most

Grade 3 and occasionally Grade 2 were treated with a radical rest programme". This

programme proscribed "Music making, writing, driving, housework, and any other use of the

hand which could cause pain". Although he did not state the outcome from the conventional

treatment programme, the implication was that this was successful or else the "radical rest

programme" was applied. It is consequently unclear from his article exactly what proportion

received the conventional treatment and what proportion undertook the "radical rest

programme". It would seem to be the case that at least 50Vo recovered with use of the

conventional approach.

Wright [V/right, 1986] developed a management programme in which the factors of
"ergonomics, work organisation and social aspects of work" were addressed. Although he

took an unorthodox stance with respect to the issue of causality, avoiding both the "notions of

injury and hysteria", the actual approach to management can be seen to conform to the

conventional model as described by McPhee. The cause of symptoms utilised for descriptive

purposes in his management programme was that of a "muscle-based pain cycle". It is unclear

what this description was meant to imply in terms of pathology but was clearly designed to

avoid controversy. The denial of both injury and hysteria would suggest that the middle ground

of fatigue-generated pain might have been the implied pathology. Whatever the assumed

pathology, this management programme appeared to be effective. This progranìme was applied

to a complete population of keyboard operators in one university, 160 individuals, of which 13

cases of Non-specific Occupational Overuse Syndrome were dealt with. "All 13 returned to

work".

In 1987 a Lancet Editorial commented "Despite their essentially empirical nature, the present

approaches to treatment are largely effective" [Lancet Editorial, 1987a].

Sikorski sought volunteer patients with symptoms consistent with Occupational Overuse

Syndrome in whom no single specific diagnosis had previously been made [Sikorski, 1989]. A
series of 204 individuals was collected. By thorough assessment a specific diagnosis was able

to be established in 58Vo of these. Sikorski described previous treatments. "A wide variety of

specific treatment modalities had been previously tried on these people, with none showing a

high rate of success." These included the full range of possibilities i.e. physiotherapy,

manipulation, splintage, analgesics/anti-inflammatory medication, acupuncture and surgery.

The sampling method used in this study, however, was such that those who had failed to find

benefit from previous medical attention would have been likely to volunteer. Recognition that a

small proportion of cases fail to respond to conventional treatment has been widely

acknowledged.

Bouvier [Bouvier, 1992a] described a management programme devised in the late 1960s.

Despite the fact that no specific psychological or psychiatric treatment modalities were involved,
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he claimed that he was treating "the workers as one treats conversion hysteria'. In explaining

the symptoms he told patients that the pain "was just sore muscles from unaccustomed exercise,

reassured them that it was not serious" (not an injury). He "never told them about hysteria".

The management programme consisted of helping "them sort out their occupational, personal,

social, family, and financial problems." Despite a different premise with regard to pathology

this programme appears to be almost identical to that of V/right mentioned above. He described

the effectiveness of this programme as follows. "From having 20 out of 220 employees off
work long term with 'tenosynovitis' in 1969, we got to over 300,000 hours without any lost-

time injuriesby 1972;'

It is interesting to note that management programmes, developed on the basis of differing

pathological premises, have marked similarities. The 1986 Australian National Occupational

Health and Safety Commission's report on RSI (section 2.I2) comments "It is fortunate that

whatever model of causation is adopted, the recommended method of prevention and

management is the same." The reason for this was not clarified. A possible explanation,

however, is that the management programmes were all based on empirical evidence and the

pathological models with which they had been associated, none of which had been verified,

were superimposed.

This "alternative theory" offers a rational explanation as to why the empirically based

conventional approach, which deals with the issues of excessive activity and associated

psychological stresses, should have been effective in the management of Non-specific

Occupational Overuse Syndrome in the worþlace.

Both the conventional physical pathology theory and the "alternative theory" proposed in this

thesis contend that excessive activity is the cause of symptoms and that excessive activity may

lead to physical harm. Empirical observations have shown that by controlling and modifying

activity, symptoms can be reduced. Indeed, this is one of the observations upon which both of
these theories are based. Whereas the conventional theory takes the presence of symptoms to

indicate that pathological effects have already occurred, the "alternative theory" proposes that

long before physical harm occurs a healthy physiological process will intervene by inducing the

symptom of discomfort. This will limit activity and so prevent the excessive activity being

continued to the point where harm does occur.

As the cause of symptoms remains the same, so the fundamentals of prevention and treatment

remain the same. It is obvious that there is a major difference between the theories in relation to

the implications associated with the development of symptoms. The conventional theory

proposes that when symptoms are experienced physical damage has already occurred whereas

the "alternative theory" proposes that actual pathological changes would only occur if it were

possible to ignore the symptoms and continue with the excessive activity for a sufficient period.
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It is this difference which indicates the need for alterations in the management programme, as

suggested by the "alternative theory".

There would be no difference in the preventative strategies. A treatment programme based on

the "alternative theory" would, however, call for prompt rather than immediate intervention.

Carefully graded changes in intensity of activity, introduced over time, would be considered

appropriate rather than immediate extreme changes such as complete rest. Changes in other

factors, such as work practices, technical skills, improvements in the ergonomics of the tasks

involved and measures to deal with psychological factors, would be undertaken as appropriate

in due course. The conventional theory assumes that pathology is present and as such would

suggest that specific modalities such as physiotherapy, splintage, anti-inflammatory medication

and surgery might be beneficial. The "alternative theory" proposes that no pathology is present

and this would explain the previous observation that the application of such physical modalities

is usually not helpful.

The previous conventional theory is based on the assumption that there should be no discomfort

associated with work activities and that when discomfort or pain develops, an injury or disease

has occurred. If the "alternative theory" were widely accepted, then workers engaged in

extensive continuous activity would expect the occasional development of minor levels of
discomfort and would understand that this discomfort was not an injury but an indicator that the

body was acting to prevent an injury occurring. If appropriate intervention were untaken then

symptoms would resolve and no harm would be expected. Thus, the acceptance of the

"alternative theory" would lead to a major change in the expectations associated with, and

understanding of, the occurrence of symptoms.

6.5,1.2. Epidemics

Non-specific Occupational Overuse Syndrome has been seen to occur in the form of epidemics

in different countries at different times [Welch, 1972]lHocking, 1987a]. It was the occur¡ence

of this phenomenon in Australia during the early 1980's which created the intense interest and

speculation regarding this problem and indeed which prompted the undertaking of this study.

If the hypothesised Physiological Activity Limitation Process is to be accepted as the source of

the symptoms which were observed in epidemic proportions then its proposed features must be

consistent with the observations made concerning this epidemic.

Early in the progress of the epidemic the observation was made that users of computer

keyboards appeared to be suffering with an increased incidence of arm pain. This also occurred

at a time when the use of such keyboards was becoming increasingly wide-spread. Bell

observed that "Historically, the use of equipment which requires the use of repetitive

movements and the introduction of innovations have provided the focus for the generation of
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craft neuroses. The 'RSI' epidemic commenced among those who made highly repetitive

movements in data processing" [Bell, 1989a].

In the absence of an alternative, accepted medical explanation for these observations and with

precedents from research in other countries the quite reasonable conclusion was reached that

there was something inherently dangerous about the new equipment and that serious injuries

were being caused by its use. Previously, in Japan, the interpretation was made that

occupational related upper-limb pain indicated the presence of a disease. In a review article in

1977 Maeda stated that this "occupational disease ... has come to be frequently noticed among

workers of the offices and factories in Japan since 1955. The disease was at first seen among

punch-card perforators who appeared with the progress of technical innovation" [Maeda,

19771. These observations and the common interpretations of them where "grist for the mill"
where the mass media was concerned. Headlines such as "Risk in the keyboard" [Smith, 1981,

National Times] and "Technology dumped here, says expert" [Mclntosh, 1984, The Age] are

representative of the media response. This led to a rapid increase in public awareness of the

condition which was initially labelled tenosynovitis and later RSI.

It is generally accepted and has been well documented that the introduction of new technology

involving hand-use intensive activity is associated with an increased incidence of upper-limb

pain. The characteristics proposed for the hypothesised Physiological Activity Limitation

Process provides a coherent explanation as to how the introduction of a new form of
technology, such as computer keyboards in the Australian "epidemic" of the 1980's, could

trigger a real rise in the incidence of occupationally related arm pain.

The theory of the Physiological Activity Limitation Process states that sensitivity levels of the

structures involved in daily activities are directly affected by an individual's activity but the

perception of those sensitivity levels only occurs when a threshold value is reached. The

unpleasant sensations generated when that threshold value is reached is called Physiological

Activity-related Pain. The tolerance limit for an activity is defined as the level of activity which

will raise the sensitivity of the tissues to the threshold at which Physiological Activity-related

Pain occurs. At any one time an individual's tolerance limit is determined by his/trer current

level of "fitness" for that activity. Fitness is determined by a number of factors, several of
which may be modified. All ranges of activity below the tolerance limit cause no symptoms.

Ranges of activity above the tolerance limit induce proportionate increases in sensitivity above

the threshold value with a related inc¡ease in severity of symptoms.

In a population of individuals engaged in some occupational activity such as typing there will be

a certain distribution in the values of the sensitivity levels of the individuals involved. Given a

normal stable occupational setting the prevalence of individuals with a sensitivity level above the

threshold value would be expected to be low (that is the normal endemic rate for occupationally

related discomfort for that occupational group would be low). It remains possible that the
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distribution of the values for sensitivity could be such that the sensitivity level of a large

proportion of the individuals could be just below the threshold and still only very few

individuals would experience any occupationally related discomfort. A situation in which this is

likely to occur is one in which the employees have become accustomed to a high level of
productivity over time.

The introduction of new technology, such as changing from typewriter to computer keyboard,

could have a large effect on the incidence of activity related arm pain as follows.

The muscle actions and forces involved in typing on a typewriter and typing on a computer

keyboard are not identical [McPhee, 1985] although the final result of the activity (printed

documents) may be the same. As physical fitness is task specific, the fitness of the individuals

for the two tasks would not be the same. Individuals undertaking a new task will have a lower

fitness for that task than their fitness for the tasks to which they have grown accustomed.

Expressed in the terms of the "alternative theory" the activity tolerance limit for the new task

will be lower than that which was previously achieved for the old task, even though those tasks

appear similar. An individual achieving the same work output but using new equipment will
develop higher levels of sensitivity. Whether or not this goes above the threshold level for the

experience of Physiological Activity-related Pain will depend on the sensitivity level which was

being maintained using the old equipment and the differences in the activities involved in using

the new.

If the new technology is introduced to a group of people, many of whom have a sensitivity level

near to the threshold level, even if only a small average increase in sensitivity levels occurs,

then the sensitivity level of a large proportion of that group could change from a level below the

threshold to a sensitivity level over the threshold. This would mean that even with a small

effect on sensitivity the introduction of a new technology could cause the transition from a low

to a high incidence of Physiological Activity-related Pain in such a group.

Thus, although the tasks involved in the use of the typewriter and the computer keyboard

appear to be very similar and the differences of the muscle actions and forces involved are not

obvious, these differences could, in the right circumstances, cause a marked increase in the

incidence of Physiological Activity-related Pain

The "alternative theory" developed in this thesis can provide an explanation for the source of a

real increase in incidence of Non-specific Occupational Overuse Syndrome which appears to

have occurred at the beginning of the Australian epidemic. Although this effect in no way

explains the magnitude of the Australian epidemic, the reporting of this increase may well have

been one of the major initiating factors leading to increased public awareness.
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The fact that public awareness increased dramatically in parallel with the development of the

epidemic is another accepted observation. Considerable research has been focused on the

complex sociological processes which led to the continued promotion of "RSI" as an important

occupational hazard. [Willis, 1986]lHopkins, 1990] A number of authors have proposed that

it was the promotion of the public awareness of the condition which was a major factor in the

continued increase in incidence of the problem and consequently to the magnitude of the

Australian epidemic.

The situation in which the observation of an increase in arm pain associated with new

technology was followed by a similar increase in other unrelated occupations where no new

technology was involved, was previously reported in Japan by Maeda. "The disease was at

fìrst seen among punch-card perforators who appeared with the progress of technical innovation

in business work. But several years later, it was revealed that the disease affected not only

those perforators but also keyboard operators of other machines, typists, copying-slips writers,

conveyor-line workers, and others" [Maeda, 1977]

A number of different mechanisms have been proposed as to how promotion of public

awareness could lead to increases in the incidence of the condition. Lucire proposed "mass

hysteria" [Lucire, 1986]. Cleland proposed "RSI as a model of social iatrogenesis" [Cleland,

19371. Bell claimed that "The misplaced emphasis on the early recognition of the disorder

promoted the spread of 'RSI"'. [Bell, 1989a] Ferguson proposed that the majority of the cases

reported in the epidemic were the result of unmasking of endemic occupational discomfort

which, had it not been for the increased public awareness, would have gone unreported

[Ferguson, 1987].

The concepts of Lucire, Cleland, Bell and Ferguson have marked similarities and point to

psychological and social mechanisms which could lead to the amplification of the sensations

which commonly occur during occupational activity. Although all four provide similar

compatible explanations as to how psychological and social factors could amplify the experience

of common place occupational discomfort they do not agree as to the nature of the original

sensations that were being amplified.

Lucire contended that the epidemic of RSI could be explained by psycho-social phenomena due

to epidemic hysteria on the part of patients and the result of altered medical perception of

endemic symptoms within the community. The principle espoused is that psycho-social forces

led to an exaggerated response to symptoms which were endemic in the community. Lucire's

fundamental theory was that the origin of the endemic symptoms was that of conversion

neurosis. As she proposed that the original symptoms where hysterical in nature she labelled

the psychosocial amplification of these symptoms "mass hysteria". As indicated above,

conversion neurosis is not a satisfactory explanation for the endemic symptoms.
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Cleland suggested that the "pain may be due to a disturbance of sensory function", a similar

concept to the pathology of fibromyalgia as postulated by Smythe [Smythe, 19]91. Cleland

provided an excellent explanation as to how psychosocial processes could alter the personal

interpretation of occupationally related discomfort so that symptoms which would previously

have been ignored are reinterpreted as serious and therefore lead affected individuals to seek

medical help. Consequently, this would lead to an increase in reported incidence. The

following is a quotation of his complete argument.

"Educational programs that impute the seriousness of upper limb discomfort and the
potentially noxious effects of manual tasks will prey on the minds of individuals who
perceive themselves to be at risk. Worry and introspection will follow. Discomfort, even
when appropriate for activities that have been undertaken, will cause concern, and may
thus be amplified, and cause further concern which , in turn, further heightens regional
sensory awareness thereby completing a vicious cycle. Therapists who diagnose injury,
who apply local therapies and prescribe radical avoidance of use, will further focus the
victim's attention on the uncomfortable part. The result is that no task can be performed
without enhanced attention to discomfort and apprehensive concern as to the potentially
damaging effects that are associated with it. Through this process, otherwise trivial
discomfort may become transformed into a protracted, painful, disabling condition which
precludes effective work and degrades the quality of life." [Cleland, 19871

Cleland emphasised his belief that symptoms associated with normal repetitive occupational

activity are normally only of "trivial" degree. He explained how the experience of such

symptoms could be amplified in the minds of affected individuals. This would lead to both an

increase in the severity of the pain experience in such individuals as well as an apparent increase

in the reported incidence of cases of occupationally related arm pain. The apparent increased

incidence occurs because more people are induced to seek help. His explanation did not,

however, suggest that psychosocial processes create new symptoms but only that they amplify

pre-existing symptoms which would otherwise remain of minor degree. The source and nature

of these pre-existing trivial symptoms was not explained.

Regarding the psychosocial factors involved in the promotion of the Australian epidemic Bell

stated "The measures that were introduced to manage the disorder (Non-specific Occupational

Overuse Syndrome) were disastrously inappropriate and instead promoted its spread. The

belief that the condition was an injury reinforced the hypochondriacal concern of the

complainants and facilitated unjustified claims for compensation. The misplaced emphasis on

the early recognition of the disorder promoted the spread of 'RSI'. The suggestive elements in

these messages flourished in an atmosphere of mistrust and resentment which was fostered by

some trade unions and pressure groups." W:ith reference to the pathophysiology he claimed that

"The psychological basis of 'repetition strain injury' (RSI) is revealed by its rapid rise and fall."

Once again reasonable explanations were provided as to how psychosocial factors can promote

awareness and severity of the condition. The claim that epidemiological observations of
increasing and decreasing incidence over a decade proves a psychological pathology, is not

convincingly argued.
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In his article written in 1987 Ferguson indicated that a major component of the Australian

epidemic may have been an artefact due to psychosocial processes. "This epidemic has

represented a remarkable psychosocial expansion of a long-recognised and continuing

occupational, medical and work-design matter. It was brought about by a complex

concatenation of several streams of social development in work health and safety which include

legislation, industrial relations, worker-health movements and unemployment, among others."

Ferguson stressed the fact that the epidemic occurred in the context of a significant "endemic

base". "Aching and discomfort are cornmonplace in life, whether or not they are attributable to

work, and may be elicited in any workforce by suitable enquiry." [Ferguson, 1987] He

described his epidemiological study of the incidence of unreported occupational arm pain in the

Australian telecommunications industry [Ferguson, I97Ia] in which "about 4OVo of telephonists

in Sydney upon enquiry complained of unreported work-related back pain, and about 20Vo

complained of neck pain. Furthermore, 22Vo of telegraphists in Sydney were judged to have

craft palsy and related pain, although again this had gone unreported." He suggested that the

importance of the endemic problem of Non-specific Occupational Overuse Syndrome remains.

"Although evident in the late 1970's, the epidemic proper arose in the early 1980's, peaked in

the mid 1980s and is now declining rapidly ." "The epidemic, to which the medical and legal

professions, managements ,unions, governments and the media have all contributed, is now

waning, but endemic work-related musculoskeletal syndromes remain." His discussion leaves

open the question as to whether or not high incidence of existing endemic morbidity,

represented cases of unrecognised disease.

Further discussion of the psychosocial circumstances of the Australian epidemic is beyond the

scope of this thesis, however, an exposition follows of the way in which the Physiological

Activity Limitation Process provides a possible explanation for the endemic, occupational

discomfort which is widely recognised.

The results of the research reported in this thesis confirm Ferguson's finding that unreported

minor occupational arm pain is commonplace. This study found thal 3lVo of first year

Instrumental Music Students and I5Vo of the first year students from other courses experienced

minor levels of pain associated with activity (subjects classified as having "Inconsequential

symptoms"). The "alterative theory" of this thesis provides an explanation for this and in so

doing explains the origin of the symptoms which were amplified by the psychosocial

circumstances of the Australian epidemic.

The "alternative theory" developed in this thesis states that the Physiological Activity Limitation

Process is universal in scope. It is operating in everyone, continually adjusting the sensitivity

of the structures involved in activity in a manner appropriate for the individual's current level of
fitness and activity. This process acts, in appropriate circumstances, to protect from the

potentially damaging effects of excessive activity by raising the sensitivity level to the threshold
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where Physiological Activity-related Pain is experienced. The theory proposes that this is a

healthy physiological protective mechanism. Just as one should expect to feel pain when one

touches a pin or a hot cup or goes for an unaccustomed run so should the experience of

discomfort be expected if new or increased occupational activity is undertaken.

Any physically active population engaged in continuous repetitive activities would consist of
individuals with varying physical characteristics, physical fitness, psychological tendencies and

occupational demands. It would be expected that the Physiological Activity Limitation Process

would induce degrees of Physiological Activity-related Pain in a proportion of the individuals

within such a population.

A clearer understanding of this proposition can be reached if the diagnostic classification of

Occupational Overuse Syndrome developed in chapter 3 , section 3.10, is reconsidered in the

light of the subsequent "alternative theory". This diagnostic classification divides the cases of

Non-specific Occupational Overuse Syndrome into those in which symptoms are

"Inconsequential" (of no consequence) and those in which symptoms are "Consequential" (of

some consequence). It has been shown that this division depends on a complex combination of
the intensity of the symptoms and the individual's psychological response to those symptoms.

The "alternative theory" proposes that in the majority of cases such symptoms are

"Physiological Activity-related Pain" of varying intensity. The subdivision of Non-specific

Occupational Overuse Syndrome into cases with "Inconsequential symptoms" and

"Consequential symptoms" can be seen to be a classification of the impact of Physiological

Activity-related Pain on the individual. By definition, cases with "Inconsequential symptoms"

will go unreported except in epidemiological surveys, they will not form part of the statistics

reporting the number of cases seeking treatment. It is only cases with "Consequential

symptoms" that are included in the "occupational health statistics" which are taken to indicate

the prevalence of the problem within the community, the cases which would be taken to indicate

the magnitude of the "epidemic".

In the population of "Music Students" surveyed in this study the prevalence of "Inconsequential

symptoms" was 37Vo and the prevalence of "Consequential symptoms" was 6Vo. Other surveys

have demonstrated prevalence of "Inconsequential symptoms" of similar magnitude in a variety

of occupational settings. It can be seen that if some psychosocial process were to cause the

majority of those with "Inconsequential symptoms" to feel the need to seek treatment and thus

cause their diagnostic classification to change from "Inconsequential" to "Consequential" then

an "epidemic" would become apparent. The psychosocial pressures outlined by the authors

above can thus be seen to be acting by changing the interpretation of symptoms which are

already being experienced. It is not necessary that the psychosocial pressures actually generate

symptoms which would not otherwise be present. This is to say that it is not necessary to

invoke psychological pathology either individually or en-mass to explain the presence of
symptoms.
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The suggestion that the majority of individuals seeking treatment during "epidemics" have what

would have been classified as "Inconsequential" symptoms at other times does not imply that all

such people can be dismissed as not having a significant problem. It does imply, however, that

in the context of such an epidemic, a large proportion of cases should be able to be managed by

simple reassurance and minor modifications of activity. The remainder would still be those in

which the intensity of Physiological Activity-related Pain has reached a level at which function

has been compromised and in whom management would be expected to be less straight-

forward.

The "alternative theory", which indicates the source of symptoms in the majority of cases of

Non-specific Occupational Overuse Syndrome, can explain the high prevalence of the

unreported cases of endemic occupational discomfort seen in epidemiological surveys and the

cause of certain increases in the incidence of discomfort associated with introduction of new

technologies. There must, however, be a set of appropriate social beliefs and processes in place

for such phenomena to cause the prevalence of treated cases to be amplified to the magnitude of

the Australian epidemic.

A requirement for this amplification to take place must be the propagation of the belief, both

among the medical profession as well as the general public, that all forms of occupationally

related arm pain are indicative of injury or disease. The failure of medical research to define an

accepted pathophysiology for Non-specific Occupational Overuse Syndrome has allowed a state

of epistemological indeterminacy to persist (previously discussed in section 2.8). Without an

established medical paradigm in which occupational discomfort can be explained in the absence

of pathology, this belief is likely to be "rediscovered" and propagated at times of technological

innovation. The acceptance of the "alternative theory" developed in this thesis, with the concept

of the Physiological Activity Limitation Process, would create a paradigm in which this belief

would not be generated.

It can also provide a rationale for the proposition that the initial management of minor degrees of

occupationally related discomfort should be undertaken in the workplace rather than through

medical intervention. Without the addition of appropriate measures to prevent it, an increase in

levels of discomfort should be expected when new equipment is introduced. The theory would

suggest that appropriate preventive measures should include both a phased introduction of new

equipment and systematic training dealing with all aspects of the workers' interface with their

equipment. This would include ergonomics, technique and physical fitness as well as careful,

thorough assessment of anyone reporting significant symptoms and reassurance to those who

have simply worked too hard too quickly. A period of decreased productivity should be

expected and planned for, as employees adjust and adapt to new equipment.
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This explanation of the phenomenon of epidemic increases in the incidence of Non-specific

Occupational Overuse Syndrome has further implications. The fact that the association between

a minor change in working conditions and a dramatic change in the incidence of symptoms has

been repeatedly observed in the literature implies that the vast majority of busy people in the

modern world are operating at the edge of their limit of tolerance. The "alternative theory"

suggests that this is not an inappropriate situation in which to operate, provided however, that

the potential for going too far is recognised. The theory developed here implies that normal

human physiology has a built- in safety margin which is a protection against damage due to

overuse. If people understand what to expect from their bodies when they undertake extensive

activity and respond appropriately to the stimuli which it produces, then activity can safely be

continued at a level near to the tolerance limit. Thus, it can be safe for people to operate at their

maximum productivity level. If they do this, however, then occasional aches and pains are to

be expected. These symptoms should be recognised for what they are and a response made

consistent with their severity. Such symptoms should certainly not be ignored and indeed

measures to minimise their incidence and severity should be maintained and extended.

Ferguson pointed out the need for continued research "so that work can be made more

comfortable, satisfying and efficient." [Ferguson, 1987 ]

6.5.1.3. Variation in lncidence

One of the phenomena which has previously been diff,rcult to explain is the situation where there

is a marked difference in the incidence of Non-specific Occupational Overuse Syndrome

between two work sites where the tasks involved appear to be identical [Bell,
19861[McDermott, 1986]. Theories of contagion [Awerbuch, 1985][Forsyth, 1989] and mass

hysteria[Ireland, 1986a]ll-ucire, 1986] have both been proposed in the attempt to explain this.

This theory, however, offers an alternative explanation which is far less controversial.

The process which leads to the development of symptoms, although it is essentially a physical

process, is affected by a wide range of factors not solely physical. If there were some cause for

high levels of psychological stress in one work site and not in the other then this in itself could

be the reason for the increased incidence in the former. For example, the supervisor in one

office might have an abrasive managerial style leading to high levels of interpersonal friction

whereas the supervisor in the other off,rce might have a more conciliatory approach, producing a

more relaxed working atmosphere, although the tasks being performed in both offices are

identical.

There are any number of possibilities in the work place which could cause small overall

differences in psychological variables among employees, producing consistent, but probably

small, changes in the levels of sensitivity in the muscles of all employees. Because symptoms

occur at threshold level of sensitivity, an effect which causes a small mean difference in

sensitivity levels could lead to a large difference in the incidence of symptoms.
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This implies that if an employer wishes to provide the environment for optimum productivity,

then the psychological as well as the physical well being of the employees must be considered.

6.5.1.4. Proqression of Svmptoms and the Presence of Tender Sites

The tendency for symptoms to spread from an initial site of pain to adjacent areas and even to

the opposite limb is an accepted characteristic of Occupational Overuse Syndrome. Browne et

al suggested that "the anatomical pattern of symptom evolution" is an important aspect of the

clinical history [Browne et al, 1984]. Crockett reported the observation that "The initial burning

ache spreads gradually and secondarily to the whole of the forearm and then to the other anti-

gravity muscles of the arm and shoulder" [Crockett, 1985]. Fry described the characteristic

progression of symptoms, " If he or she persists ... the condition spreads from one muscle

group to the adjacent group both proximally and distally." "The condition may spread to the

non-involved side" [Fry, 1986a]. This progression of symptoms is not an issue of contention.

Any theory of causation should be able to explain this phenomenon satisfactorily. On the basis

of the theory of local pathology which Fry advocated, he argued that this and other features of
Occupational Overuse Syndrome suggest production of pharmacologically active substances by

the affected muscles [Fry, 1986fl. In contrast, the theory developed in this thesis can explain

this phenomenon without recourse to the presence of a spreading disease or the release of
abnormal substances.

This theory proposes that the hypothesised Physiological Activity Limitation Process acts to

vary the sensitivity of the structures involved in continuous or repeated musculo-skeletal

activity. This includes all the structures involved throughout the body but the level of
sensitivity at each site may be different and will be the result of the level of activity at that site.

The theory proposes that Physiological Activity-related Pain occurs when the sensitivity of a

structure reaches a certain threshold.

It is well known that no action or task uses one muscle or joint alone but rather utilises a

combination of muscles and joints in a coordinated pattern. Depending on the task, different

structures are more or less active, with one of those structures stressed the most. Thus, it is
likely that given ovemse from any particular task or tasks the sensitivity of one of the stmctures

involved will reach the threshold for Physiological Activity-related Pain first and so symptoms

will commonly occur initially in one area.

The explanation for the progression of symptoms suggested by theories of local pathology is

that pain spreads from the site where it is first experienced as the pathological process spreads

to involve adjacent structures. The explanation for the progression of symptoms suggested by

the hypothesised Physiological Activity Limitation Process involves the modulation of
sensitivity in the structures of activity. Where this physiological process has raised the level of
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sensitivity of one structure to the point of Physiological Activity-related Pain, the level of

sensitivity in the other structures involved in the associated task or tasks will also be

approaching the threshold at which discomfort will occur. If no modification or reduction in the

task(s) occurs as a response to the initial Physiological Activity-related Pain, then the level of

sensitivity in those other structures will continue to increase past the threshold so that

discomfort is experienced in additional structures and thus the pain appears to spread.

The action of the Physiological Activity Limitation Process, whereby modulation of the

sensitivity of the tissues occurs, also explains a number of the phenomena found in this study

relating to the presence of sites of tenderness. These include the presence of tender sites both in

the absence of symptoms as well as in the asymptomatic areas of individuals with symptoms. It
also explains the reason why individuals with more severe symptoms should have been found

to have a greater number of sites of tenderness and increased prevalence of tenderness in

asymptomatic areas than those with lesser symptoms. In this study the mean number of sites of

tenderness increased from 2.5 in the "No Symptoms" category to 7.8 in the "Inconsequential

Symptoms" category to 16.2 in the "Consequential Symptoms" category. In line with this the

mean prevalence of tenderness in asymptomatic areas increased from 16.6%o in the "No

Symptoms" category to 3l.9Vo in the "Inconsequential Symptoms" category to 68.9Vo in the

"Consequential Symptoms" category (chapter 4, section 4.4.3.2).

Along with the proposed threshold of sensitivity at which Physiological Activity Related Pain is

experienced, the theory proposed in this thesis also suggests that there exists a threshold level

of sensitivity at which tenderness can be detected which is lower than the threshold for the

experience of Physiological Activity-related Pain.

Asvmotomatic individuals

The Physiological Activity Limitation Process will, therefore, cause the sensitivity levels to

reach the threshold for tenderness before the threshold for the experience of Physiological

Activity-related Pain will occur. It is possible for sensitivity to reach levels high enough for

sites of tenderness to be present without ever causing the experience of discomfort associated

with activity. This study, as well as previous research [Sola, 1955][Yunus, 1981], would

suggest that this is likely to be the case in at least 50Vo of asymptomatic individuals.

Individuals with "Inconsequential symptoms"

Where an individual is experiencing a minor level of Physiological Activity-related Pain the

theory states that at least one site must have reached the appropriate sensitivity threshold. For

this to occur it would be expected that the sensitivity levels in the symptomatic structures, as

well as in associated asymptomatic structures, would be higher than in an asymptomatic

individual. Thus, it is likely that, in the individuals experiencing pain, the sensitivity of more
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structures would have reached the threshold for tenderness. A systematic examination would,

therefore, be likely to find a greater number of sites of tenderness, both overall as well as in the

remaining asymptomatic areas.

Individuals with "Consequential symptoms"

The same argument applies for the difference between individuals with "Inconsequential" and

"Consequential" symptoms. Although this study has shown that there are a number of complex

interacting factors which lead to the distinction between these two categories, it is reasonable to

suggest that one of the major factors is the intensity of the symptoms experienced. If the

average severity of the Physiological Activity-related Pain experienced by those in the

"Consequential Symptoms" category is greater than that of the "Inconsequential Symptoms"

category then it is reasonable to suggest that the Physiological Activity Limitation Process has

generated higher levels of sensitivity in the structures where symptoms are being experienced.

This in turn would suggest that the associated structures which remain asymptomatic also have

higher levels of sensitivity and so more of those structures are likely to have reached the

th¡eshold for tenderness.

6.5.1.5. Refractory Occupational Overuse Syndrome

Another phenomenon which has been difficult to explain is the subset of patients classifiable as

suffering with the Occupational Overuse Syndrome whose symptoms persist over months to

years despite provision of accepted methods of treatment. The methods of treatment, which are

referred to as failing to be effective, are usually those which have previously been shown to be

suitable for other conditions such as tenosynovitis with which Occupational Overuse Syndrome

has been equated. Such treatment often involves rest and splintage. The failure to respond to

what has been considered appropriate treatment has been used as evidence of a psychological

aetiology for Non-specific Occupational Overuse Syndrome [Brooks, 1986][Ireland,

1986a1 [Lucire, 1988][Fildes, 1988].

This study suggests four alternative reasons why there is this subset of patients.

6.5.1.5.1. !nadequate Diagnosis

The reason that a number of patients do not respond to treatment will often be because an

inadequate diagnosis has been made. The term Occupational Overuse Syndrome ("RSI") is an

umbrella diagnosis covering a whole range of more specific diagnoses [Australian National

Occupational Health and Safety Commission, 19861. The aim of the medical assessment of a

patient with activity-related pain should be to reach as precise a diagnosis as possible. If the

diagnostic process ceases once the diagnosis of Occupational Overuse Syndrome is reached

then there would be a failure to distinguish between Non-specific Occupational Overuse
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Syndrome and the various diagnoses contained within the classification Specific Occupational

Overuse Syndrome. 'l'he result could be that some patients with specific pathology would be

given the imprecise diagnosis Occupational Overuse Syndrome and consequently, offered

inappropriate management with subsequent poor results.

In this study 27 out of the 56 subjects (48Vo) in the patient sample were eventually found to

have a "Specific" diagnosis. Everyone of these patients originally believed themselves to be

suffering from "RSI". The high incidence of specific disease entities in the group of individuals

presenting with symptoms consistent with Occupational Overuse Syndrome has been confirmed

in the study by Sikorski et al lSikorski, 1989] where 58Vo of a group of 204 individuals with

occupationally related upper limb or neck pain, were eventually found to have a "recognisable,

pathologically discrete, musculo-skeletal disorder" when adequately investigated.

Given that all suitable measures have been taken to detect "specific" pathology and so making

the diagnosis of Non-specific Occupational Overuse Syndrome appropriate, there does appear

to be a group of such patients who continue to have persistent symptoms, despite accepted

management. The theory developed in this study provides the basis for three further

compatible, alternative explanations as to how this phenomenon could occur .

6.5.1,5.2. Accepted methods of treatment inappropriate

The contention of this "alternative theory" is that, in the majority of cases of Non-specific

Occupational Overuse Syndrome, the symptoms experienced are Physiological Activity-related

Pain which is not the result of any disease process from which the patient has to recover. It
suggests that management of the condition should involve some temporary reduction in level of
activity, provision of appropriate remedial training and/or work modification. This would serve

to increase the patients' tolerance to the required tasks.

The usual methods of t¡eatment suitable for pathological conditions, such as complete rest and

splintage, will not achieve this, rather the absence of activity which is part of those treatments

would decrease the patients f,rtness and thus their tolerance limit. Also, with rest and splintage,

no attention is being directed towards identifying and changing habitual activity patterns, which

could be a factor leading to a low tolerance limit. Whenever patients attempt to return to the

activities initially causing the problems they often do so using the same techniques as before

with the hope that the "disease" câusing the symptoms has resolved making the resumption of
activity "safe". They are then trying to perform the same activities with a lower tolerance limit

and so symptoms re-occur even more quickly. Thus, the level of activity needed to cause

symptoms will progressively decrease and subsequently other types of activity at progressively

lower intensity will produce the same symptoms. Clearly there will be psychological factors

which have an influence on whether this cycle of decreasing fitness and increasing sensitivity

develops. It can be seen however that inappropriate treatment could be the primary cause.
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6,5.1.5.3. Difficulty in changing habits

A second mechanism which the "alternative theory" implies evolves out of consideration of the

nature of the process hypothesised. It suggests that the discomfort experienced occurs within

normal healthy tissues as a result of normal day to day activities such as writing, typing,

playing musical instruments, all of which have been learnt and practiced over years. In effect, it

means that those who have developed pain as a consequence of their activities are in some way

doing something inappropriate for their physical state at that time. It can be said that there is no

external problem, such as a disease, the problem is internal, quite possibly caused by the habits

of years. Any approach to treatment should achieve some change in that person's life style or

occupationat habits if resolution of symptoms and comfortable return to the activity is to occur.

The reason being proposed here, for the failure of treatment in a proportion of cases, is the

acknowledged difficulty that the medical profession has in achieving beneficial life-style

changes in many areas of health, be it fitness, obesity, smoking or daily professional activities.

In many ways it would seem to be easier to accept that a disease has been contracted than it is to

accept that the approach to day to day activities must be changed to overcome the problem in

hand. Those who wish to find a "quick fix" for their problems will not welcome this

explanation. The factors which lead to the development of Physiological Activity-related Pain

are multi factorial and indeed have not yet been fully enunciated. The research findings here, as

well as the wider literature, suggest that the factors include at least the level of aerobic fitness,

muscle strength, poor technique, unsuitable ergonomics of the environment in which activity is

undertaken, inefficient work practices, work stress, personal attitudes and psychological

tendencies and age of the individual.

In any individual the differing factors will have varying importance. Where the solution to the

problem requires changes in established attitudes and habits, there is understandably going to be

conscious and/orunconscious resistance fromthe individual involved. To accept andundertake

a change, such as learning a new hand writing style or increasing physical fitness, is both

difficult and stressful in itself. This is perhaps the most conìmon reason for failure of

treatment.

The following case example taken from the patients treated as a result of this study illustrates

this point.

Historv

Ms NS, a 14 year old right handed school girl who had been playing the violin since age 9

presented with pain in the right hand when writing and intermittent pain in the left when playing
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the violin. At presentation, the pain associated with writing had been present for two years. It

always occurred after a variable period of writing and settled over 30 to 40 minutes. During the

previous few months this pain had started to interfere with her ability to do school work. The

pain associated with violin playing had been present for 12 months and only occurred

intermittently, approximately twice per week. It did not interfere with her music activities at all.

Assessment

Assessment included thorough physical examination, plain x-rays of cervical spine and hands,

bone scan, complete blood examination, Rheumatoid blood screens, ESR and detailed motor

skills assessment by the occupational therapist. The only abnormality found was widely

distributed sites of tenderness throughout the both upper-limbs and neck and some problems

with her writing style. The occupational therapists report stated "She was found to have

decreased grip strength (particularly in the right hand), poorly established dominance for non-

writing tasks, and a fluctuating pencil grip."

The diagnosis made was that she had Non-specific Occupational Overuse Syndrome due to an

habitual poor writing style compounded by increasing demands for writing at school and high

personal and parental expectations.

Manasement Plan

The management plan was to establish a systematic routine of writing activities during the day

such that writing activities could be undertaken for short period only and so minimising

discomfort. A program of retraining of writing style was undertaken by the occupational

therapist including use of biofeedback techniques. She was also instructed in relaxation

techniques.

Progress.

Over the next month she reported a marked reduction in discomfort.

One month later symptoms had re-occurred and she stated that she had diffrculty maintaining the

new writing style because of pressure to keep up with work at school.

The situation remained essentially unchanged for the next 3 months. There appeared to be a

significant resistance from her, and her mother, to commit herself to the management program.

She reported that she often had to do more than the occupational therapist had decided seemed

appropriate and was unable to limit herself to using the improved writing style she had been

taught. The possibility that there may have been psychological factors involved which were not

initially apparent was considered and she was referred for psychiatric assessment.
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The assessment by a consultant child psychiatrist was very enlightening as the following

extracts show.

"Ms NS was unable to make use of the programme at the hand clinic at the Royal
Adelaide Hospital due to lack of commitment. She did not want to stop writing
completely as was suggested and often continues writing until she achieves pain,
something which she has been told not to do. "

"On mental status examination, she was extremely tense throughout the session. There
was no evidence of any depressive disorder or any thought disorder. She is extremely
worried about her school work and has set herself the high standard of wanting to get into
Medical School after year 12. She seems to have very few outlets for her tension and
does not seem to know how to relax."

"I don't think that she is suffering from a Conversion Reaction as I could not find any
dynamic meaning for the loss of use of hand function and nor was there any secondary
gain present. However, I do feel that her tense, perfectionistic temperamental style is
aggravating her problem and has led to her sabotaging her treatment plan at the Royal
Adelaide Hospital."

The psychiatrist spent some time discussing the various options open to her. These included

making a firm commitment to the management programme at the Royal Adelaide Hospital as

well as the option of no further treatment.

After that interview she decided to make a commitment to the previous management

programme. After 1 week of no writing and 2 weeks gradual reintroduction of remedial writing

training with the parallel strengthening and relaxation exercises she had become pain free. One

month later she had retumed to a normal writing style and continued to be pain free.

The difficulty in achieving a persistent change in habitual activities may lead to both the patient's

failure to improve and the treating practitioner's frustration in the attempt to deal with the

problem. Once again psychological factors must have an influence on what is primarily a

physical problem but in this situation the treating practitioner should have an understanding and

tolerance of the psychological difficulties that the patient is experiencing.

6.5.1.5.4. "New" Pathological Conditions

This "alternative theory" proposes that the symptoms of the majority of individuals with Non-

specific Occupational Overuse Syndrome are the result of a healthy physiological process.

Nevertheless, as the classification Non-specific Occupational Overuse Syndrome is by

definition a diagnosis of exclusion, it can not be claimed that all cases are due to this proposed

healthy physiological process. It remains likely that a number of cases will be due to other

conditions as yet uncharacterised.
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The characteristics identified in this study which are common to the group of individuals with

Non-specific Occupational Overuse Syndrome, have led to the development of this

hypothesised healthy Physiological Activity Limitation Process. It is these characteristics which

should help to differentiate between Physiological Activity-related Pain and some other

pathological entity. A history of extensive or unaccustomed activity, signs of widely

distributed sites of tenderness, particularly in asymptomatic areas, and reduction in symptoms

after an appropriate period of reduced or modified activity would be reassurance that the

problem was Physiological Activity-related Pain. 'Where this is not the case, then an open mind

would have to be maintained as to the possibility that either a specific diagnosis has been missed

or that some as yet uncharacterised condition is present, and the possibility that this could be

either physical or psychological would need to be considered.

One of the fundamental implications of the theory developed in this study is that it is possible

for extensive regular activity to cause a pathological change if taken to extremes. The theory

proposes that it is this risk which has led to the evolutionary development of a protective

physiological process aimed at averting this occurrence. This study does not attempt to

investigate the nature of such pathological changes. It is reasonable, however, to conjecture

that those conditions which fall under the classification of "Specific Occupational Overuse

Syndrome" such as Peritendinitis Crepitans, Carpal Tunnel Syndrome, Tenosynovitis (with

histologically demonstrable synovitis) are enough to warrant the proposition that such a

protective physiological process might exist.

6.5.1.5.5. Pathological Derangement of the Physiological Activity Limitation

Process.

It is proposed that the physiological process hypothesised in this thesis, the Physiological

Activity Limitation Process, functions by inducing unpleasant sensations, Physiological

Activity-related Pain, in appropriate circumstances so that the body is protected from the

potentially harmful effects of excessive activity. If this is the case then it would be expected that

there would be detectable differences between individuals with and without the experience of

Physiological Activity-related Pain. Providing that this process is functioning in a physiological

manner, that is responding appropriately to environmental stimuli, then any physical changes

which it might generate should be physiological in both magnitude and character. They should

be reversible, quantitative changes rather than qualitative changes which would be suggestive of

irreversibility and by implication damage or injury. No opportunity has yet been available to

undertake physiological studies looking for such changes.

All physiological processes, on the other hand, have the potential to become deranged in certain

circumstances and such derangements could cause problems themselves. Consequently the

very existence of the Physiological Activity Limitation Process implies the potential for the

existence of pathological conditions which are caused by the development of derangements in
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the function of the primary physiological process. Conceptually, any or all of the anatomical

locations and processes involved in this hypothetical physiological process, have the potential

for such dysfunction. Dysfunction could either involve normal physiological changes occurring

in inappropriate circumstances, for example, increased sensitivity leading to Physiological

Activity-related Pain in the absence of excessive activity or pathological changes represented by

detectable qualitative abnormalities.

If the search for physical abnormalities in medical conditions directly related to Non-specific

Occupational Overuse Syndrome is interpreted in the light of the possibility that the

Physiological Activity Limitation Process might become deranged, evidence for such

dysfunction is present.

One study which has sought for a peripheral anatomical site of pathology in the context of Non-

specific Occupational Overuse Syndrome is that by Dennett and Fry [Dennett & Fry, 1988].

They have performed muscle biopsies from the lst dorsal interosseous muscle in a series of
patients (N=29) with Non-specific Occupational Overuse Syndrome and compa¡ed them with

similar biopsies from controls (N=8). Patients were defined as individuals previously

diagnosed as suffering from "painful chronic overuse syndrome" and who had been treated for

a minimum of 6 months with a limitation of activity regime devised by one of the authors.

Changes which were described were morphological in nature including changes in fibre

diameter and distribution of fibre type. Other abnormalities described included mitochondrial

changes with "scalloped and moth-eaten" mitochondrial fibres and muscle fibre changes with

the presence of "ring fibres". These changes were present in controls but \ryere more common

in the patient group. Notably the study did not find evidence of acute changes, necrosis or

atrophy. The fact that the patients had been treated for at least 6 months with a "radical rest"

program amounting to almost complete inactivity led to the paper being criticised on the grounds

that the histological changes observed may have been due to treatment rather than due to

primary pathology. Their study was of a preliminary nature with only a small number of cases.

In addition, abnormalities were not seen in all the patients and clear distinction between controls

and patients was not achieved. The significance of the abnormalities remains uncertain although

there is the possibility that the variation detected in this highly selected group of patients with

refractory Non-specific Occupational Overuse Syndrome represents changes within the normal

range, indicative of a physiological rather than pathological alteration.

Other studies, looking for local changes at sites of tenderness in muscles, have been performed

on patients with fibromyalgia. This condition has similarities to the Non-specific Occupational

Overuse Syndrome, the main difference being that an association with excessive physical

activity is not required. Pain and tenderness exacerbated by activity is a common feature, as is

the lack of objective laboratory or radiological abnormalities. Ferguson has pointed out that this

term has been used in the Australian context as the diagnostic label for patients who do fall

within the classification of Non-specific Occupational Overuse Syndrome [Ferguson, 1984].
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Smythe [Smythe, 1988] reiterated the theory that the Non-specific Occupational Overuse

Syndrome is in fact a form of fibromyalgia. A Swedish group [Bengtsson et al,

1986b1lBengtsson et al, 1986c][Lund et al, 1986] have reported abnormalities within muscle in

patients with "primary fibromyalgia". They found "reduced high energy phosphate levels",

"decreased muscle tissue oxygen pressure" and similar histological changes to the findings of

Fry and Dennett in the muscles of patients at sites of increased sensitivity or in other words

"trigger points" in "fibromyalgia terminology". Once again the changes found, demonstrated a

quantitative difference rather than a qualitative difference between those affected and the control

subjects and so may only have indicated a variation within physiological limits. In a

"Controlled and Blinded Study" Yunus compared the electron microscopy findings from

trapezius muscle biopsies of 21 fibromyalgia patients with 11 healthy controls. "Common

findings in both the fibromyalgia and the control groups were mild myofibrillar separation,

papillary projections and subsarcolemmal accumulation of glycogen. However, the differences

between the 2 groups were not statistically signif,rcant in any of the hndings." As a result of the

absence of statistical difference between patients and controls, Yunus suggested "that such

changes may be physiological in the trapezius muscle." [Yunus et al, 1989c] Jacobsen

investigated the light microscopy abnormality of "rubber band morphology" comparing 48

randomly selected cases of fibromyalgia with 24 randomly selected cases of "Chronic

Myofascial Pain". This abnormality was found in 63Vo of the fibromyalgia cases and29Vo of
the myofascial pain cases.[Jacobsen, 1991]. A statistically significant difference was found in

this study but once again this was quantitative rather than qualitative,

Although these studies did not definitely confirm the presence of local pathological change, the

demonstration of objective evidence of quantitative changes within muscles at sites of increased

sensitivity is evidence of some physical process occurring, which is involved in the expression

of discomfort due to mechanical stimulation of the structures of physical activity. The failure to

find any qualitative difference between patients and controls with such detailed histological

analysis might be taken as evidence against the theory proposing the presence of truly

pathological changes (damage or injury) in the muscles of such cases.

A study by Russell [Russell, 1989] investigating changes in neurotransmitter concentrations in

the Cerebro-Spinal Fluid of patients with fibromyalgia, discovered elevated levels of "substance

P" as compared with controls. This was thought to indicate increased primary nocieceptor

sensitivity.

There has been considerable research looking for neural rather than muscular abnormalities,

specifically in the context of Non-specific Occupational Overuse Syndrome. Observations of
aberrant neural behaviour in this context have been reported and commented on repeatedly. The

inconsistency of such observations, however, has meant that, although many theories have

been proposed, no accepted conclusions have been reached concerning their implications for

Occupational Overuse Syndrome.
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Hochberg described the experience of "Hand Difficulties Among Musicians" at the

Massachusetts General Hospital with a series of 100 patients. "Disorders of motor control"

made up 24Vo of cases. "The most frequently occurring motor control problem, manifested as

involuntary palmar curling of the right fourth and fifth fingers (l8%o), or the second, third and

fourth fingers (9Vo) into to palm.

In December 1983 Lowy [Lowy, 1983] proposed the hypothesis that "occupational overuse and

RSI-type disorders, result from abnormal neurovascular activity caused by dysfunction of the

autonomic receptors". He based this hypothesis on his observation that "common symptoms

experienced by patients with RSI include pain and burning, paraesthesiae, altered sensation,

restriction of movement, swelling and tenderness" and that in "more severe cases, changes such

as discoloration and mottling, hyperhydrosis, temperature alteration , oedema, and alteration in

sensitivity, take place". He raised the possibility that the "underlying mechanism is a

sympathetic disturbance" akin to "reflex sympathetic dystrophy". This hypothesis was

dismissed out of hand by Stone [Stone, 1983b] who commented that such changes are only

"infrequently" observed and concluded by stating "No direct link between repetitive strain

injury and reflex sympathetic dystrophy is known to exist." Gratram and Mills supported Lowy

however. They stated, "Our experience, covering more than 350 cases of upper limb repetitive

strain injury, indicates that sympathetic overactivity in the affected limb is coÍìmon, particularly

in patients who have a long history of symptoms." [Graham and Mills, 1984]

Crockett reported observations consistent with aberrations of motor function. "Some cases of

"RSI" in fact exhibit writer's cramp, and there may be evidence that, after a period of

discomfort caused by a particular type of use, confusion develops in the pathways for voluntary

fine repetitive movements in the brain" [Crockett, 1985]

In a review article McDermott commented "Autonomic disturbances (such as Raynaud's

phenomenon or reflex sympathetic dystrophy) occasionally have been described." [McDermott,

19861

Gow proposed an inter-relationship between various forms of "occupational pain syndrome" in

which he suggested that "Autonomic nervous system overactivity" played a role in the

progression of "overuse syndrome" to "Regional pain syndrome" and thence to "Reflex

sympathetic dystrophy". He suggested that these three conditions could be equated with the

three stages of RSI as defined by Browne, Nolan and Faithfull [Browne, Nolan and Faithfull,

1984]. The basis for his proposal was the observation of features suggestive of "autonomic

nervous system" dysfunction "such as dysaesthesia and subjective swelling" [Gow, 1987]. He

also likened "Stage 2" RSI to "generalised fibrositis syndrome" referring to the equivalence

between the two suggested by Littlejohn [Littlejohn, 1986c]. It is interesting to note that one of
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the many theories proposed to explain fibrositis is that of "an abnormality of pain modulation"

[Smyrhe, 1979].

A paper on Occupational Cramp by Fry and Hallett [Fry and Hallett, 1988] compared and

contrasted this condition, which they equated with Focal Dystonia, and Non-specific

Occupational Overuse Syndrome or as they labelled it "painful musculo-ligamentous overuse".

They commented that "The relationship between the very common painful musculoJigamentous

overuse and the less common painless occupational cramp is unclear, although both occur in

patients involved in hand-use-intense activity". "Occupational cramp seems to be a true focal

dystonia, and it may be precipitated by overuse". In this paper Fry reported that he "has seen

patients with a spectrum of symptoms bridging these two presentations ... Patients with

advanced musculoligamentous overuse may demonstrate loss of voluntary control similar to

patients with 'cramp'." Despite what appeared to be an attempt to link these two conditions

with the sensory abnormality of Non-specific Occupational Overuse Syndrome at one end of a

spectrum and the motor abnormality of Occupational Cramp at the other, the paper concluded its

discussion with the suggestion that current evidence favours the hypothesis that the primary

pathology of Non-specific Occupational Overuse Syndrome is "peripheral" whereas the primary

pathology of Occupational Cramp is "central". Objective evidence for the presence of organic

neurological abnormalities in cases of Occupational Cramp were reported from previous work

by Hallett. Fine wire EMG studies demonstrated absence of reciprocal inhibition, evidence of

the prolonged spasms characteristic of dystonia and evidence for disordered motor control.

They suggested that their most objective abnormal finding was an abnormality of H-reflex

inhibition in the affected arm of patients with unilateral Occupational Cramp. They concluded

that this implied the presence of "disordered spinal circuitry".

Lockwood and Lindsay reported 4 cases of "overuse syndrome" in musicians which progressed

to Reflex Sympathetic Dystrophy. One of these cases subsequently went on to develop a focal

dystonia. They put forward the hypothesis "that RSD is a sensory analog of focal dystonia".

The features leading them to make the diagnosis of RSD were "burning and dysesthetic pain

with intensity far in excess of that expected", "abnormal vasomotor responses, edema,

alteration in skin colour, accelerated hair growth, loss of joint mobility and spread of the

syndrome". [Lockwood and Lindsay, 1989]

Cohen et al [Cohen et al, 1992a] have proposed their own hypothesis for the pathophysiology

of "RSI" for which they also proposed a new name, that of Refractory Cervicobrachial Pain

Syndrome or RCPS. Their hypothesis was "that RCPS is a reflex neuropathic state due to a

central disturbance ofnociception induced by continual afferent barrage from nociceptors and

mechano-receptors in anatomically relevant sites" which may include "spinal zygapophyseal

joints, muscles, tendons, joint capsules" or peripheral neural structures. This hypothesis

proposed that the site of central disturbance be the "wide-dynamic-range (IWDR) neurones" in

the dorsal horns of the spinal cord. They based this hypothesis on the observations from a
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"careful clinical study" of a large group of patients, "in excess of 1000", with Non-specific

Occupational Overuse Syndrome, or what they call RCBP, who had failed to respond to

accepted management and who were seen in a tertiary referral setting. In this group of patients

they found "a number of clinical observations which constitute a remarkably homogeneous

profile". These included absence of abnormality on laboratory investigation, "consistent

phenomena suggesting perturbation of neural functioning " including both sensory and motor

phenomena, "commonly signs suggestive of local sympathetic dysfunction", presence of
"exaggerated wheaVflare response" and absence of influence from "social class, cultural or

ethnic origin and anxiety or depressive features".

It is interesting to note the vehement response to this article in the letter's to the editor in the

Medical Journal of Australia. Some of the criticisms are worth considering in the light of the

Physiological Activity Limitation Process proposed in this thesis. A criticism of Cohen's

theory, common to a number of the subsequent letters to the editor, pointed to the failure to

"identify the source(s) of ongoing nociceptive barrage" which was required by their hypothesis

to induce the pathological "central disturbance". Awerbuch [Awerbuch, I992af doubted that

"stimuli induced by occupational activity" could be seen to "constitute a bombardment of

noxious stimuli". Cleland [Cleland, 1992] complained that this "afferent barrage" was

"uncharacterised". Quintner [Quintner, I992a] pointed out that while Cohen stated "that the

origin of sensitisation of WDR neurones remains conjectural" this statement in itself "implies

the existence of an as yet undiscovered mechanism".

The theory developed by this thesis provides this "undiscovered mechanism" required to justify

the hypothesis of Cohen et al. The issue which was being raised in these letters was that

Cohen's theory proposed a pathological change in the context of normal activity and proposed

that some aspect of that normal activity induced that pathological change. Cohen stated that the

"afferent barrage" of impulses originated from "anatomically relevant sites" and implied that it
consisted of normal impulses resulting from "mechanical stimulation" but that, given the

appropriate circumstances, they caused a change in the central nervous system (the dorsal horn

neurones) leading to a lowering of the central pain threshold such that these impulses were

interpreted as painful at lower intensity than normal. Previous research [Campbell et al,

19881[Yaksh, 1989]lRoberts, 1986] had shown how noxious stimuli can lead to such changes.

Cohen implied that the impulses resulting from normal mechanical stimulation due to activity

could behave in the same way as other types of impulse resulting from clearly noxious stimuli.

The common feature of the "alternative theory" developed in this thesis and Cohen's hypothesis

is the proposed alteration in a threshold level at which a normal stimulus causes a painful

experience. The exposition of the "alternative theory" proposes a physiological alteration in the

mechanisms controlling the sensitivity of structures involved in activity, such that a normal

stimulus causes a temporary experience of discomforlpain with the beneficial result of limiting

excessive activity. Cohen's hypothesis proposed a pathological alteration such that a normal
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stimulus causes a persistent painful experience, refractory to appropriate reduction or

modification of activity. The "alternative theory" justifies itself and, by implication, justifies

Cohen's hypothesis, if it can be accepted that his hypothesis simply describes a pathological

aberration of the Physiological Activity Limitation Process. The work by Cohen et al can thus

be seen as pointing to the "'Wide Dynamic Range anterior horn cells" of the spinal cord as one

of the anatomical structures involved in the Physiological Activity Limitation Process proposed

in this thesis. His hypothesis also appears to be delineating one form of aberration which might

occur in that physiological process.

The likelihood that the pathological process proposed by Cohen might only describe a small

proportion of the cases of Non-specific Occupational Overuse Syndrome was raised by

Hocking [Hocking, 1992]. He criticised Cohen's hypothesis on the basis that it "implies that

refractory cervicobrachial pain was the endemic complaint", in other words, Cohen's

hypothesis implied that the majority of cases of Non-specific Occupational Overuse Syndrome

which occurred as part of the Australian epidemic of the early 1980's could be explained by this

hypothesised spinal pathology. Hocking suggested that "Simple pain in the arm is more likely

to be the endemic complaint" and went on to propose that "dorsal horn dysfunction is

responsible for but a small fraction of RSI cases." He was, thus, reiterating the comments

made by Stone in 1983 [Stone, 1983b] that, from the perspective of the primary health

provider, the incidence of features consistent with a clear disturbance of neural functioning is

low.

If it is accepted that the cases described by Cohen may have involved only a small subset of the

cases of Non-specific Occupational Overuse Syndrome, then it is reasonable to conclude that

the circumstances which led to the aberration in the Physiological Activity Limitation Process

making them refractory to treatment suggested by his theory need not bear a direct relationship

to the level of activity.

Helme et al [Helme et al, 1992] used a case-control study to seek abnormalities of primary

afferent nociceptive mechanisms in patients with RSI. "The function of primary afferent

nociceptive mechanisms was assessed by the size of capsaicin-induced flare responses. A

reduction in flare size was observed in the pain affected limb of RSI subjects, but an increased

response occurred in sites reported as unaffected by clinical pain." They concluded that "these

findings provide objective evidence of altered nociceptor mechanisms in RSI subjects, and are

consistent with the view that this chronic pain syndrome involves somatic pathophysiology."

The research described in Helme's paper sought to answer the question of whether the process

causing pain in Non-specific Occupational Overuse Syndrome (RSI) is somatic or

psychological. The assumption was made that if a somatic abnormality were found it would

imply somatic pathology. The theory developed in the present study, however, raises the

possibility that a somatic abnormality might be the result of a physiological process, that of the
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hypothesised Physiological Activity Limitation Process. Certainly the change in flare response

size indicates a change in the primary afferent nociceptive response to a set stimulus but whether

this change is due to a pathological alteration or to a physiological alteration is an unanswered

question. The observations of an altered flare response are also consistent with the view that

there is a physiological alteration in nociceptor mechanisms in patients with Non-specific

Occupational Overuse Syndrome (RSI) and so may well represent di¡ect objective evidence of

the validity of the "alternative theory" which is proposed in this thesis.

The findings of an altered flare response in the unaffected limb of "RSI" patients described in

Helme's work offers an interesting parallel with one of the findings found in this study. Helme

reported "an increase in flare size in the unaffected limb of RSI subjects when compared to

controls" and suggested that this may be due to "a reduced pain threshold to mechanical stimuli"

in the unaffected limb. He pointed out that "similar findings have been reported for patients

with fibromyalgia" llittlejohn, Weinstein and Helme, 1987]. The results of this thesis found

that the prevalence of tenderness in the unaffected limb in the area opposite to a symptomatic

area was higher than the prevalence of tenderness in asymptomatic areas in general (Paired

Student's t-test, p<0.0001) This also suggests a reduced pain threshold to mechanical stimuli,

in this case specifically in the area of the unaffected limb opposite to the site of symptoms.

Woolf [Woolf, 1983] developed an experimental animal model of pathological pain caused by

thermal burn, with the use of chronically decerebrate rats. V/ith this model he was able to

confirm previous evidence that local changes caused by noxious stimuli led to locally increased

sensitivity in the areas adjacent to the area of injury which were themselves not damaged. In

addition to this he was also able to show that the stimuli generated by the thermal burn led to

increased sensitivity not only of the structures in the ipsilateral area adjacent to the bum but also

of the structures in the contra-lateral limb. He was able to demonstrate by the careful

manipulation of experimental variables that the changes observed in the contralateral limb were

due to increased "excitability of the spinal cord". He concluded from this that the mechanisms

that modulate the sensitivity of peripheral structures as a response to one form of pathological

pain, that of a thermal burn, was in part "due to changes in the central nervous system". "The

long-term consequences of noxious stimuli result from central as well as from peripheral

changes".

The findings of changes in the unaffected limb mentioned above both from Helme's work and

this study, seem to parallel those of Woolf. A reasonable conclusion is that, just as with

"pathological pain", the effect of "physiological pain" associated with the Physiological Activity

Limitation Process hypothesised in this thesis, is in part modulated by changes in the central

nervous system. This is further confirmation of the conclusion drawn above from

consideration of the work of Cohen et al [Cohen et al, 1992a] that the Physiological Activity

Limitation Process may involve processes within the spinal cord.
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In summary, findings of research drawn from various sources have demonstrated changes in

the local tissues and neural mechanisms involved in the sensitivity of the structures of activity.

The consistency and spectrum of these findings does indeed provide support for the presence

of the primary physiological process proposed in this thesis, that of a Physiological Activity

Limitation Process. It also lends support to the proposition that aberrations of this mechanism

may occur with significant sequelae.

One of the implications of this is that at least two sub-groups of Non-specific Occupational

Overuse Syndrome can be defined. The first sub-group would consist of cases which are due

to the normal function of the Physiological Activity Limitation Process in which symptoms do

respond appropriately to environmental stimuli. The second sub-group would consist of cases

which are due to dysfunction of the Physiological Activity Limitation Process in which evidence

of neural dysfunction may be present and in which the response to both environmental stimuli

and various forms of treatment may be variable. Cases from the second sub-group would

explain a proportion of the cases which are refractory to treatment.

The relative prevalence of these two sub-groups is unclear. The consensus would seem to be

that cases with evidence of neural dysfunction are rare. The survey reported by Gow suggested

that the prevalence of minor musculo-skeletal symptoms was 50Vo compared with the

prevalence of symptoms consistent with "regional pain syndromes or reflex sympathetic

dystrophy" of O.3Vo [Gow, 19871. Most of the papers referred to above have started from the

perspective of tertiary referral where coÍìmon or simple cases are filtered out and only rare or

difficult cases remain. On the basis of this select sample they have looked for a consistent

pattern from which to derive an explanation of the cases they have seen and thence to

extrapolate to Non-specific Occupational Overuse Syndrome as a whole. In contrast, the

sampling method for the cross-sectional and prospective cohort arms of this thesis was that of a

survey of a group of individuals from a "normal" population, without selection, firstly looking

for the prevalence of abnormalities and secondarily, a followup study of a subgroup of that

survey, selected on the basis of "normality". Consequently any conditions or abnormalities

detected in this study would be likely to be seen commonly. Certainly none of the subjects seen

in the study with "inconsequential symptoms" of discomfort associated with activity, reported

additional symptoms suggestive of sensory or motor abnormalities. In the "Consequential

Symptoms" diagnostic category such symptoms were also uncommon. It is reasonable to

suggest that analysis of the abnormalities seen in this study would be more likely to have a

direct bearing on the nature of Non-specific Occupational Overuse Syndrome as it occurs most

frequently. Nevertheless, the findings of the studies from each perspective are not necessarily

incompatible and indeed, if interpreted from an overall viewpoint can be seen to be

complimentary. It remains reasonable to suggest that the majority of cases of Non-specific

Occupational Overuse Syndrome are due to normal functioning of the hypothesised

Physiological Activity Limitation Process.
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The fîndings of this thesis have demonstrated the validity of Wright's [Wright, 1987] criticisms

of the early work on Non-specific Occupational Overuse Syndrome which treated all cases as a

single condition at various stages or grades [Browne et al, 1984]fFry, 1986b]. The implication

inherent in these grading systems was that individuals at the various levels within the grading

system were being affected by the same process and that progression from a minor level to a

higher level was likely. 'Wright's major criticism was that there was no evidence of the

prognostic value of the grading systems proposed. This study has shown that the presence of
"inconsequential symptoms" does not indicate a risk of more severe or refractory symptoms.

Just as forgetting a friends telephone number on a few occasions does not mean that altzieme¡s

disease is developing, so the experience of discomfort/pain in a working situation does not

mean that the activity control mechanisms are failing. The presence of Physiological Activity-

related Pain does not imply an increased risk of an individual developing an aberration in the

process which caused that experience.

The theory developed in this thesis provides not only an explanation for the most commonly

seen form of Non-specific Occupational Overuse Syndrome but also provides the basis for an

explanation for a number of previously mysterious conditions which also fall within its

classification. These include fibromyalgia (fibrositis), myofascial pain and reflex sympathetic

dystrophy, which can be seen to be due to sensory dysfunction, as well as focal dystonia,

which can be seen to be due to a motor dysfunction. It can be reasoned that these pathological

conditions occur as a result of a breakdown in some aspect of function of the Physiological

Activity Limitation Process hypothesised. Different aberrations lead to the different conditions

and thus the various clinical syndromes which seem to be associated with hand-use intensive

activity become comprehensible.

Fibromyalgia may occur in the absence of excessive activity and is characterised by wide-spread

pain and tenderness. The apparent heightened sensitivity of the musculo-skeletal tissues may be

caused by an inappropriate general lowering of the body's threshold for Physiological Activity-

related Pain as a result of dysfunction of the Physiological Activity Limitation Process.

Research discussed above would seem to implicate both peripheral and central mechanisms as

involved in this dysfunction.

Myofascial pain syndrome and fibromyalgia have been equated [Simons, 1986], the former

being a localised form of the later. Myofascial pain syndrome is characterised by the presence

of one or more hypersensitive areas in muscle which are exquisitely tender and which refer pain

to associated areas. The advocates of the myofascial pain syndrome concept label these "trigger

points".

From the interpretation of the "alternative theory" developed in this thesis, the "trigger points"

of myofascial pain can be seen to occur in two contexts.
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Where such hypersensitive sites occur in the context of extensive activity they could simply

represent one aspect of the expression of the Physiological Activity Limitation Process, part of

the mechanism whereby it generates Physiological Activity-related Pain. In this context such

"trigger points" should not be considered pathological. Management of Physiological Activity-

related Pain in this context should be directed at measures to decrease musculo-skeletal

sensitivity and towards increasing the threshold of activity at which Physiological Activity-

related Pain is experienced rather than at "fteating" the associated "trigger points".

Where "trigger points" occur in the absence of extensive activity then it is reasonable to assume

that they represent a pathological response. From the interpretation of a pathological

derangement of the Physiological Activity Limitation Process, myofascial pain can certainly be

seen as a localised form of fibromyalgia. The apparent heightened localised muscle sensitivity

may be caused by an inappropriate localised lowering of the threshold for Physiological

Activity-related Pain. The anatomical location for the aberration leading to this phenomenon

may or may not reside in the muscles themselves.

Woolf has suggested that autonomic changes should be expected as a response to physiological

pain. An abenation in the mechanisms generating such autonomic responses could result in the

development of excessive and prolonged autonomic changes, such as have been commonly

reported in cases of Non-specific Occupational Overuse Syndrome. The precise stage at which

such responses change from being physiological to being pathological remains to be elucidated.

Nevertheless cases of Non-specific Occupational Overuse Syndrome in which severe autonomic

dysfunction has developed, consistent with the diagnosis of Reflex Sympathetic Dystrophy, can

be explained on the basis of a derangement of the normal physiological mechanisms leading to

such autonomic responses.

An explanation for the pathophysiology of focal dystonia can be developed directly from

consideration of the primary features of physiological pain as explained by Woolf [Woolf,
19891. He indicated that one of the primary features of physiological pain is its association with

an unconscious "flexion withdrawal reflex". The normal healthy operation of this reflex must

operate at centres ofthe central nervous systembelow the level ofconsciousness, as it is seen to

be activated before the experience of the associated physiological pain reaches conscious

perception.

In the normal and healthy operation of the Physiological Activity Limitation Process, however,

the generation of a flexion withdrawal reflex would not be expected. The circumstance in

which this process occurs is that of a safe and routine situation of normal activity. In such a

circumstance an instant unconscious movement would not be likely to be beneficial or

"protective". On the other hand the characteristics of the unpleasant sensations, which it is
proposed be called Physiological Activity-related Pain, are not inappropriate for the

circumstances in which the Physiological Activity Limitation Process is operant. They are not
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sudden or sharp sensations but usually come on gradually at low severity, building up in

intensity over time. There are other situations in which physiological pain occurs which also

lack both a potential role and any detectable presence of this unconscious withdrawal response.

These include the example of fatigue pain described by Parker and Denzin [Parker and Denzin,

1990a1 and the example of pain induced by lying in one position fo¡ too long described above.

It seems likely, however, that the neural mechanisms which process different forms of

physiological pain share some common pathways. Thus, an aberration in the processing of the

stimuli leading to Physiological Activity-related Pain may impinge on the centres which lead to

the withdrawal reflex in other circumstances. Activities which normally only have an impact on

the Physiological Activity Limitation Process could through an aberration in central processing,

lead to unconscious, uncontrolled movements. This is precisely the observation made in focal

dystonia.

Further research would be required to discover whether or not there are factors other than

random events which may lead to the aberrations in the Physiological Activity Limitation

Process which cause these conditions and indeed to better define the abnormalities themselves.

Equally important would be the development of the means to discriminate between the

experience of pain/discomfort due to healthy physiological function (Physiological Activity-

related Pain) and the pain due to a derangement of this process. Nevertheless, it is clear that

these conditions could make up a proportion of the cases of "refractory" Non-specific

Occupational Overuse Syndrome.

Although the theory developed in this thesis suggests that the primary physiological process

which is the substrate of these uncommon conditions, the Physiological Activity Limitation

Process, is directly influenced by changing levels of activity, the possibility that aberrations of

this physiological process are caused by excesses of activity is not within its frame of reference.

Thus, the question as to whether or not these less coÍrmon conditions can be said to be due to

excessive activity remains open and no doubt will remain an issue of contention for some time.

If, however, the hypothesis proposed in this thesis is proved to be correct, then future research

into these conditions will be better able to focus on appropriate areas for investigation.

6.5.2. Reassurance to patients diagnosed

The acceptance of the theory developed by this research would allow medical professionals to

give reassurance to the majority of patients diagnosed as suffering from the Non-specific

Occupational Overuse Syndrome and would also suggest a rational approach to management. It

would be possible to reassure patients that it is likely that their symptoms are caused by the

activities with which they associate them, but the presence of the symptoms does not

necessarily imply an injury. Thus, contrary to the consequences of previous hypotheses, they

do not need to fear that either they are "going mad", which is the common man's interpretation
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of the psychological theories, that they have suffered an injury which may lead to permanent

incapacity, the theory of physical pathology, or that they will be perceived as "cheats" according

to the malingerer theory. The expectation will be that only in a minority of cases will a serious

pathological condition be the basis for the problem which in turn might cause symptoms to

persist. In the vast majority of cases management of the condition would be directed towards

measures to control symptoms, to optimise the methods used to undertake the activity which is

causing problems and towards measures to maximise fitness, both physical and psychological,

in a way appropriate for the occupation of the patient.

6.5.3. Shared Responsibility for Occupational Fitness

One of the consequences of the management approach suggested by this theory is that both

employer as well as employees will have to take part of the responsibility for the prevention of

Non-specific Occupational Overuse Syndrome.

Employers will need to provide ergonomically designed equipment and utilise appropriate work

practices to minimised the physical and psychological stresses of the tasks required. These are,

fortunately, simply the requirements of good occupational health and safety guidelines. It may

be that, in addition to this, employers could provide facilities for employees to help increase

their fîtness in a way appropriate to the tasks involved.

Equally, employees must take responsibility for utilising the facilities provided to make the

demands of the job reasonable. They will also have to ensure that they achieve and maintain the

level of fitness necessary for the activities required.

What is not identified here is the level of fitness necessary for a specific activity and how it is to

be achieved. The concept of "occupation specific fitness" is a new idea which arises as a direct

consequence of the theory set out in this study. This would necessarily become an important

area of research. Extrapolation from the results of research in sports medicine would suggest

that there is no single requirement for increased fitness overall. Fitness is indeed task-specific

and thus specific training regimes would need to be developed for each task or occupation

where there was a risk of a significant impact from Physiological Activity-related Pain.

6.5.4. A new role for the "Occupational Health Professional" the
"Occupat¡onal Trainer"

The Australian National Occupational Health and Safety Commission's report on RSI 1986

points out that many large companies have "occupational health professionals (occupational

health nurse, occupational therapist, physiotherapist or occupational physician) available to the

workplace". The conventional role for such professionals is to deal with health problems that

occur at or are caused by work. Their role is seen to include both a preventative and a
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rehabilitation component. If the concepts developed above concerning the management of

Physiological Activity-related Pain are applied to health professionals working within the work

force the need for a new role becomes apparent.

If society comes to accept that there is an inherent limitation in each individual's tolerance to

activity and that measures taken to maximise the occupational activity tolerance limit (fitness for

the occupational tasks) would permit greater productivity, while minimising the risk of

developing pain at work, then it might seem reasonable to employ appropriate health

professionals to take on the responsibility of ensuring that these measures are undertaken. This

could either be done by asking those health professionals already operating in the occupational

setting to take on this role or else by employing additional personnel with appropriate skills.

As Physiological Activity-related Pain would not be seen to be a medical condition but rather a

normal expected part of occupational activity, the work of the professional undertaking this role

would be seen as an integral part of the employment framework and not as a separate medical

responsibility. The presence of intermittent minor aches and pains would be seen as a normal

part of occupational activity. The role of this new profession would be to monitor, advise and

train employers and employees so that the maximum productivity could be achieved for the

employer, with the maximum satisfaction and minimum discomfort for the employee. A name

of this new professional role might be "Occupational Trainer" as an analogy with a similar role

for Sports Trainers in Sport. The professional undertaking this role would draw on knowledge

from a number of current professions including sports training, sports psychology,

physiotherapy, occupational therapy and ergonomics. The important difference between the

Occupational Trainer and other roles performed by occupational health professionals would be

the direction in which the knowledge would be used. The goal of the Occupational Trainer

would be both the maintenance of health and well being and the maximisation of productivity

within the work force, not the prevention or treatment of disease. Thus the management of this

condition would be largely "de-medicalised".

The role of the medical professionals external to this process would be to assess individuals

who develop significant persistent discomfort and thus to discriminate between cases due to a

pathological condition and those whose symptoms can be attributed to the hypothesised normal

physiological process. The later could then be reassured that their problem was not medical in

nature and they could then be referred back to an appropriate Occupational Trainer in the

occupational setting. It would then be the responsibility of the Occupational Trainer to refer

back to the medical diagnostician for reassessment of those whose recovery did not progress as

expected. It would be at this stage that obscure causes of occupationally related pain, including

psychological causes, not detected at the primary assessment, would have to be thoroughly

investigated.
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6.5.5. A Final Medico-Legal Dilemma

Controversy may arise from this scenario when a worker, in whom no specific diagnosis can be

found, is still unable to tolerate the tasks required although given an ideal working environment

and when everything possible has been done to maximise fitness for the job. Given the normal

distribution of physical characteristics within any population this situation is bound to occur.

V/ill it be the responsibility of that individual, the employer, or society to find an alternative

occupation? This decision will have to be made by the legislators of each society as the problem

arises.

6.6. Conclusion

The "alternative theory" developed in this thesis suggests that activity-related discomfort can be

seen as indicating that excessive activity is occurring. The goal of physical training programs is

to achieve improvements in performance and stamina for the tasks to which they are directed.

The concept of perfonnance and stamina is encapsulated in the concept of fitness, this is to say

that the goal of physical training programs is to increase fitness. In the context of training for a

particular activity, the experience of discomfort associated with the activity can therefore be seen

as an imbalance between the effectiveness of the training to increase fitness and the intensity of

the activity for which the training is being undertaken. If the intensity of this aÒtivity exceeds

the current tolerance level for a significant period before the level of fitness required for that

intensity of activity has been achieved, then discomfort would be expected to follow. Thus one

aspect of maximising the effectiveness of training must be to select an intensity close to but not

over an individuals tolerance limit.

By extrapolating this principle from the context of a training program to everyday life it can be

said that a minor level of discomfort should not be seen as an experience to be feared but rather

it should be seen as a helpful mechanism, useful in guiding the approach to daily activities,

indicating the pace at which new activities should be introduced and warning of the

development of bad habits or decreasing fitness. Clearly activities should be adjusted so that

the level of discomfort remains at a tolerable level and indeed in a stable occupational setting

should ideally be absent. If however such discomfort is completely ignored and measures to

control it are not introduced, then increased levels of discomfort to the point of severe pain and

in extreme cases the development of pathological changes, are to be expected. Thus, the

syllogism of "No pain, no gain" can be seen to have some validity but only to a limited extent

and only with some understanding of the implications of the potential problems involved.

Perhaps an addition should be made to this syllogism as follows, "No pain, no gain: Too much

pain, again no gain". Further research will be required to define the middle path to optimum

performance, avoiding inactivity and consequent failure to achieve on the one hand and on the

other hand, damage due to truly excessive physical overuse.
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For the musicians at any stage of their career, student or professional, the goal is always to be

striving for better performance. Thus, the common aim of musicians can be seen to be the same

as that of athletes, which is to continually work towards maximising the ability to perform the

specific task which has been chosen. The experience of minor levels of discomfort when

performing should neither be feared nor ignored. Rather such experiences should be expected

and assessed with close scrutiny by the musicians themselves and if appropriate by their

teachers when they occur. At such times measures should be undertaken to modify the practice

(training) program in order to maximise its effectiveness in attaining increased fitness. Possible

measures to achieve this would include reconsideration of technique, general aerobic fitness as

well as local muscle fitness and strength and psychological attitude. A temporary decrease in

the intensity of the practice program might be all that would be required to allow the level of

fitness to catch up with the demands of the tasks involved. If all possible steps to balance

intensity of activity with fitness have been undertaken and discomfort persists then medical

assessment should be sought.

In summary, the findings of this study have suggested a new theory to help explain the origin

of activity-related pain. It proposes an, as yet, unrecognised physiological process (the

Physiological Activity Limitation Process). When the intensity of an activity is greater than that

appropriate for an individuals level of fitness for that activity, this process generates unpleasant

sensations, Physiological Activity-related Pain, the function of which is to limit that activity.

This "alternative theory" provides not only an explanation for the commonly seen cases of Non-

specific Occupational Overuse Syndrome where symptoms do respond to appropriate

management, but can also provide reasons why some cases prove refractory to treatment. In

addition, it suggests a possible aetiology for a number of other activity-related conditions

associated with Non-specific Occupational Overuse Syndrome which have not as yet received

generally accepted explanations. These include Fibromyalgia (Fibrositis), Myofascial Pain

Syndrome, Reflex Sympathetic Dystrophy and Focal Dystonia.
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Appendix A
Routine Health Check Proforma

Page 1.

CONFIDENTIAI

Surname......

STUDENT ROLL NO..

(BLOCK LETTERS)

Home Àddress.... ......Postcode.......'phone.
Àddress
During Term.. ...Postcode .'phone.
Change of Àddress ...Postcode .'phone.
Date of Birth. ... /.... /19.... Sex: Male/Fenale ìlarried/Single,/other
Country of Birth-Of Parents:..... .Of Self:.....
Nationality..... ......Years in Àustralia.....
(if other than country of birth)
Category: (Cirele) Under/Post-graduate Year of Course: I/2/3/4/5

Ful-I/Part-line raculty/Oepartment.

THIS SECTION TO BE COHPLETED BY DOCTOR

STJ}{HARY À],LERGY
AIERT

PROBLEIIÍ I,IST

HEÀLTB SERVICE

...Other Names

Date No.

CÀO:JC:03122

Probl-em ìlanagenent
Date

ResolvedCode
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Page2.

Hember Ocupation
Present
Àge or.
Àge at

Location

PERSONÀI. HISTORY

1. Indicate thus [X] if you have ever
Eye defect/wear glasses

Ear defect/deafness
Nose or throat trouble
Chronic cough/asthna
Tuberculosis
other lung conplaint
High blood pressure

Heart trouble
Rheumatic fever
Chest pain
Diabetes/Endocrine dis.
Cancer or tumour

t¡fental/nervous disorder
Other
Details

Þresent State
of Health

(P1ace X if Dead)
State Cause &

suffered from:
Bone/Joint injury
Hernia (rupture)
Rheumatisn/Back trouble
Fainting Epilepsy
Itligraine
Stomach pain or ulcer
Other Àbdom-ina1 complaint
Kidney or bladder trouble
Sexually trans. disease
Genetic disorder
Skin eomplaint
Operations
Halaria/Tropical diseases

Major
I llnes s

B
R

o
T
E

s
I
s

2. Do you use: (Indicate "YES" with an [x])
Ànount

Àlcohol
Tobacco

other

3. À-re you currently using any nedication?

Years of use Years Since Use

YES/NO

4

5

6

contraception. . .

Àre you allergic to anything? YES,/NO

Eave you a lledic ÀIert Bracelet? yES/NO

Name of usual c€neral Practitioner.

Specify....
$unber.....

Àt Home/Left Eome

FÀI{ILY HISTORY
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.roB

Do you have a job? YES/NO If so, numbèr of hours/week........
FINÀNCE

Do you have financial worries? YES/NO Do you receive TEÀS? YES/NO

Are you supporting anyone? YES/NO Specify.
ACCOUI,TODÀTION

Do you l-ivorin your parcnts ho¡ro/own hone/f1at,/college/Iodgings/elsewhere?
Does this provide you with a satisfactory place to study? YES/NO

STUDY

Secondary education: Eigh School/ cotlege/ Conmunity college
MatriculaÈion: Fírst attempt 19.... Total üarks [ 1

second attenpt 19.... Total Uarks I I

Àre you satisfied with your university results to date? yES/FÀIR,/No

Do you often study after Lidnight? YES/NO

Àre you enrolled in the course of your first choice? yEs/No

IF NO, are you now content? YES/NO/UNSURE

IF NO, proposed action.
Do you hoLd any tertiary gualificationsz yEs/No

If YES specify.
REI,ÀXÀTION

Interests and hobbies.......

SPORT

Regular or intended sporting activity.

IT,ÍHUNTZATION
Have you been inmunized against the following?

TEIS SECTION TO BE COHPLBTED BY SISTER

tfÀ¡ûtoux B.C.G.

Booster
Booster

ORÀL POLIO 1

2
I
2

TETÀNUS
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GENERÀT MEDICÀÍ, EXÀHINÀTION

1. GENER,A¡

Weight: ...

Urinalysis:

vision:

(cor. )

Àir flow:

PuIse:

Henses:

..Kg lleight:

R6/......

R6/......

.....cm Chest:.....cm Exp: .....cm Abd:.....cm

L6 Colour Vision.

Squint.L6/...

B,/P (Indicate) stand/sit/Lie.

2. SYSTEMS

Indicate Àbnornalities (X) OR Normalities (/) in
rested leave blank ( ):

Eyes()Heart(

Ears/Hearing ( ) Peripheral circ (

Nose&Throat ( ) l,ymphatics (

Teerh () A.bdonen (

Lungs () cenito/Urinary (

the following. If not

Breasts

Endocrine

Reflexes

c.N.s.

skeletal

skin

Detail and comment on above abnonnalities or any condition likely to
affect academic performance or that requires special. consideration during
term or for examinations:

P.N

3. INVESTIGÀTIONS

Àudiogram required for hearing defect or those exposed to noise at work

chest/spinal/other X-ray if indicated
E.C.G. if inclicated or if greater than 40 years .

Signature of Doctor

Date
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CONFIDENTIAL HEALTH SEBVICE STUDENT BOI.L NO
(Music Student Health Check)

. Other NamesSurname. ' ' iBtöcK'tÈÌi'ERSi
Home Address..
Term Address..
Change of Address.....
Date of Birth.... /.... /lg Sex:

..Postcode.. ....,phone

. . Postcode. . . . . . . , phone

..Postcode. ...,phone
Ma). e,/F ema 1e Mar r i edrlS ing L erlOther
....(mo) .Of SeIf:.... ..

. . Years in Australia. .

Country of Birth-Of Parents: (fa)

TrFt:målt{i;' counù;}' öi' Ëi;ùh)
Category: (CircIe) Under/Post-(raduate Year of Course: l/2/S/4/b

Full/Part-Time Faculty/Department(s).,

THIS SECTION TO BE COMPLETED BY DOCTOR

SUMMARY A.LLERGY
AL{RTPROBLEM LIST

Date No. Problam I
I

Code Mana4¡ement,
e
vedo

I
I

muE;
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n

(P
St

rese
of

lace
ate

At Home/Left Home I

At Home/Left Home I

FAMILY tsISTìORY

Present e
Member Ocupation of, Locat ion ead) Ma.ior

I I lñesse

R
o

I

PERSONAL HISTORY

1. Indicate thus txl if you do or ever have suffered from:
Eye defect,/wear ELasses t I Bone/Joint injury t l
Ear def ect,/deafness [ ] Hernia ( rupture) t l
Ringing in the ears t I Rheumatism t l
Nose or throat trouble t I Fainting t l
Chroniccougih/asthma il Epilepsy tl
Tuberculosis tl Migraine tl
Other lung complaint t I Stonach pain or ulcer t l
High bLood pressure [ ] other Abd.ominal complaint i l
Heart trouble t I Kidney or bladder trouble i l
Rheumatic fever t I Sexually trans. disease t l
Chest pain i I Genetic disorder t l
Diabetes/Endocrine dis. t I Skin complaint t l
Cancer or tumour t I Operations [ ]
Mental,/nervous disorder [ ] Ma1aria,/Tropica1 diseases t l
Troubre with vour: Back t I Neck t I shourders t I Arms t

Flrists tl Hands tl Legs tl Feet tl Embouchure
Any other nedical complaint t l
DetaiLs...

l
t l

IMMUNIZATION

Have you been immunized against the following?
,At t. u1tillH IJA I

iOral Poli7
:ântt s iaL:G ('t-B_
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PERSONAL IIISTORY (conr. )

2. Are you allergic to an¡rthíng?
3. Have you a Medic Alert Bracelet?
4. Have you ever used? {Indicate ',yES,,

l| requency
ALcohol i l
Tobaceo i l
Tea/Coffee [ ] ..
Beta Bloekers t l
Tranquilizers t l
Other t l

YEË/NU

YES/NO

with an f
Amounf,

Êgecify
Number.

xl) . Yearsslnce use

YES//NO

r

Yofears
use

5 Are you currently using any prescribed med.ication?
Specify. ..
Contraception.

YES/NO

Þ

7

Have you suffered any major upsets within the past 6 mont,hs?
If so please state number of major upsets.
Name of usuaL General practitioner.

EXTRACURICULAB ACTIVITIES

:TEB¿ f ü"lütB"Rg"ÐBFoËa,"Bï"i3;¿ f
Type of Activity

iyity, hand-craft.ti.on Èechnique, other
ou
du

itness acttìÉ, relaxa

1
rS

u
rr

JOB

Are you employed or d.oing vorunteer work during the term? yES/No
If so, number of hours./week

nature of work
ltlhat is your final goal in music. (lndicate with an [X])

Musicologist [ ] crassroomTeacher [ ] rnstrumentalreacher [ ]
Performer [ ] Composer [ ] Other (specify)

FINANCE

Do vou have financiar worries? yES/No Do you receive TEAS? YES,/NO
Are you supportin€l anyone? YES/NO Specify.

ACCOMI,,ODATION

Do you live:in your parents homer/own home/ftat/college/lodgings,zelsewhere?
Does this provide you with a satisfaetory place t,o study? yES/No
Does this provide you with a satisfactory prace to praetiee? yES/No

r
u ç

1
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SÎUDY

Secondary education: High Sehoo).r/ CoILege/ Community Coilege
MatricuLation: First attempt 19.... Total Marks t l

Second attempt 19... . Total Marks t l
Are vou satisfied with your university resurts to date? YES/FAIR/No
Are you enrol.red in the course of your first choice? yES/No
IF NO, are you now content? YES/NO,/UNSURE
IF NO, proposed action.
Do you hold any tertiary qualifications?
If YES speeify.

YES,/NO

How many hours per day do you study(excluding music practise)?
Do you often study after midnight? YES/NO
How many hours per week, on avera¡le, d.o you
listen to or play very loud. music?

PBACTICAL Sfl]DTES

INSTRUI{ENT(s) (name) nc pa

Signature of Student
Dat,e

I

I
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Page 1.

IA' H t)A't'F: u l LilLll, I )A't'F;

lJoos1]er z

CONF'IDENTIAL HEALTH SEBVICE

(Music Student Health Check)
NAT,IE

STTIDENT BOLL NO

SYSTEMS EXAMINATION (This section to be completed by Doctor)
Indic4tg Abnor¡¡ar-it,ies (X) oR Normarities (/) in the foLlowing. rf nottested leave blank ( ):'

Eyes

Ears/Hearing
Nose & Throat
Teeth

()
()
()
()

Lungs

Heart
Peripheral eirc
Lymphatics

Abdomen

Genito/Urinary
Breasts
Endocrine

) Reflexes
) c.N.s.
) Skin

) Posture

()
()
()
()

Musculo-skeIetaI e
i ty

I

il I

il
il
ll
I I

I

I

Power
Éht' I I cff.Rou !|

riphtl l6ft! | r1
AÞnorEal].fy

Ewe t t |ig1$enderçes 
s/l

il
ltl

I

I I lt

il
I

il I

ltt I

I I

il
il
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F
H
a
ts:

:c

z
U

trr
t4
4
tst

Þ
U

!,
Ê.
(n
rdp

3
ID
0,
ln
ç'ft
7
-o

rt
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Grip Strength Àssessnent

NAME

DOMINANCE

DATE S.R.N

R-Fed (o)
L-Blue (x)

VIGORIMETER

Pinch
H L

KE 80
KPa

/U

60

50

Cooperation 1 2 3

Observation during lest

40

30

20
lnterpretalion:

10

0
1 2 3 4 5

outer

+--{-
++F

I

++

I

#

rnner
Position No.

Page-13t
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PEYSIOLOG ICAL MEAST]BEMET¡TS

Pu1se: ..... B/P: (Stand/Sit/Lie) Weight: .....K9 Height: .....cm
Chest: inspir .cm expir ..c¡n Abdo: ..cm Hand Span: R ...mm L ...mm

Peak Exp FIow Rate Vital Capacity
Urinalys is :

Vis ion : R6/. L6 Colour Vision..
(Cor. ) R6/ L8/ Squint

Grip Strenght: (details see separate sheet)
Total Dynamometer Reading right left .....
Max. Vigorometer Pinch Reading right left .....

McArdle Step Tesù: Duration of Effort... .sec (if less than 3 mins)
No. of heart beats from 5-2Ø secs post effort
Estimate V O'¿ Max . . (nl/kg/min) percentile

Dexrer*v resr: yg:åts),TåtrBî"" liï: :il::: :ï:: :::: ill: :::
Flrisù right lefù.....

Menses: .

Detail and comment on above abnormalities or any condition likely to
affect aqademic performance or that requires spêcia1 consideratión during
tenn or for examinations:

P. N.

3. INVESTIGATIONS

Audiogram required for hearing defect or those exposed to noise at work

Chest,/spinal/other X-ray if indicated
E. C. G. if indicated or if greater than 4Ø years
Other

Signature of Doctor
Date
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Psychological Self Assessment Questionnaire

The Illness Behaviour Ouestionnaire
Page 1.

Health Attitude Ghresti onnaire
Instructionq-
On the foll
and how iteven thoueheither YES

11

t2.
13.

L4.

Bi+åãrg"l3i.""Trwi1l find a number of quesrions aboul v.our^þeatrh-sô[!-ãr" iËëe ñävi;"¿'83"åî?:"31i'"Ë;trÈgBråãtã ;äfi:" ¿*åtiä'or NO to indicatê your anõwãi-iõ-eãõñ-ãùãã€loñl
1

2

3

4

5

6

7

B

I

Do you vrorry a lot about your health? yES
Do you think there is something seriously wron{with your body? w¡vr¡é 

yES

3î"Ë"i"1î"1i?å åtål::g ä3åîÞ 
ipterreres

YES
Are you easy to Efet on with when you are iII? yES

Does your family have a history of illness? yES

Do you think you are more liabre to illness üha¡¡ oùher people? yES

If ..a doctor !91d yog lhat h-e-could. fiqd nothing wrongwith you would yoú beliãve--tiim-õ;-hã¡?- "YY¡'Ã¡'Þ w^v"É 
yES

Is . it. ga.sy -for yoçr_ to forget about yourself
and. trtrnl( about aII sorts of thinge? yES

lå"ËîHrtts¿rål] å8d"ffi't888,g'åÀå"l3ärth.t vou are 
yES

Do you find that you.are ofùen aware ofva.r¡'ous thing happeningl in your body? yES

Do yo¡r ever-think thgt you ha¡re an illness which is apunlsrrment for soDething you have done wrong in the Fasù? yES

Do you have ürouble with your nerves? yES

If lff ,feel, ill. or_worried ca-r¡ you be easilycLreered up by the doct,or? yES

?t'Ë"Ttllti| tE"!t3lÞ"' peopre rearise what
YES

Does it upset you to tark to a doeÈor about a¡r irrness? yES

Are you bothered by many aches or pains? yES

?îrx"y"l"""F"fifirlråi"'tÌighå8n""åf:Bt"agâ1t** vou Erer on 
yES

Do you find ühat you gfet anxious easily? yES

Do you- ha-ve an illne-ss which is the s¡meas anybody you know has had? yES

Are you more sensitive to pain than other people? yES

Are.you afraid of illness? yES

can you express your perE¡onal feerings easily t,o other people? yES

Do people feel sorry for you when you are ill? yES

Po Vpy think. that, you worry 4bout yourhealth more than nost people? - yES

Do you have an ilrness which affects your sexual rerations? yEs
Do you have an illnass wiÈh a lot of pain? lfES
Except for illness, do you have any problems in your tife? yEs
Do you care wheùher or not people rearise when you are ill? yEs
Do ygu.find lhgt yg-u_get jealous of otherpeople's Efooct health?

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

tØ

15.

16.

r7.

18.
19.

2ø.

2L.
22.
23.
24.

25

26

27

28

29
YES
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3ø.

31.

32.

33.

34.

35.

36.
37.
38.

39

4ø

4L

42

43.

44.
45.

46.
47.
48.

Do r¡ou ever have silly thoughts about r¡our health whichyou ean'|. g,eþ out of Íour urind, no matter how hard you try?
Do you have any financial problans?

$Fg you upset by the wgy. people take your
]'Ilness vrhen you are slcK?
Is it hard for you to believe a doctor when he or shete1ls you there- is nothing for you to worry about?
D9 you ofþen t/orry about the-possibilitythat you have Efot, a serlous clrsease?
Are you sleeping weLl?
Yilhen you are an¡fry do you tend to bottle up your feelings?
Do you often think that you night suddenly fall ill?

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

Ifad
radio,
worry

iseg.se.iç brought to your attention (th-rough lhefeIevlsl.on, newspapers or someone you know) clo you
about EettiñE it, J¡o-urself?

49.
tø.
51.
52.
53.

54.
55.
56.

57.
58.

59.
6Ø.

61

62

Ðg,you get the feeling that people are nop^takind your
].IIneSs serloualy enouEÍr¡ wrren you are s].ckT
Are you upset by the appea'rance of your face or body?
Do you find that you aro bothered by many different synptoms?
Do you frequently þry ùo ext¡Iain to others
how you are feelinÊl?
Do you have any fanily problems?
Do you think Èhere is something the natter with your mind?
Are you eating weII?
Is bad health the biggest difficulty in your Iife?
Do you find thaÈ you get sad easily?
Do you worry or fuss over small detailsthaù seem unimportant to others?
Are you always a co-operative patient?
Do you often have the s¡mptoms of a eerioua dieeaae?
Do you find that you get angry easily?
Do you have any work problems?
Do you prefer to keep your feelinÉls to yourself?
Do you often find that you geù depressed?
Would aII your worries be over if you were physically healthy?
Are you more irritable towards other people?
Do you have e¡rmptoms which nqy be caused by worry?
Is it easy for y9g ç9 lqt people know whenyou are cross vrith then?
Is it hard for you to relax?
Do you have personal worries which are not
cauêed by physical illness?
Do you often find that you lose patience with other people?
Is it hard for you to show people your personal feelings?

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES
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Psychological Self Assessment Questionnaire

The State-Trait Anxietv Inventorv
Page 1.

M¡sic Student Health Ctpck O¡estionnaires

Anxietv O¡estion¡ni¡re

Instrr.rctions

Student RoIl No.

Date.

Read each statenent and tl¡e¡r tick to indicate how you GENmAI¿Y FE . There
are no right or vrrong answers. Do not spend too much tj¡¡e on a¡y one statenent
But give the answer which seerns to best descrj-be how you GENHIALLY FFÍ.J'.

SO¡4ETTMES OE'IENÀL¡4CST
NEI/ER

AÏ,¡'DST
ALVAYS

1. I feel pleasant.

2. I tire guickJ-y.

3. I feel like cryhg.

4. I wish I c.ouLd be as happy as
others seem to be.

5. I am losing out on thbgs because
I canrt make up my rnild soon enough

6. I feel rested.

7. I am calm, cool a¡¡d collected.

8. I feel that difficulties are piling
up so that I ca¡ not overcone them.

9 I v¡orry too much over sonething
that doesn't rnaÈter.

10. I am happy

11. r am inclined to take tìings lurd.

12. f lack self confidence

1,3. f feel secure.

14. I try to avoid facing a crj-sis
or difficulty.

15. I feel blue.

16. I am content.

17. ScnE unirrportant thought runs
tlrrough my ndld and bothers me.

18. I take disappointrnents so keenly
that I can't put thern out of my mind

19. I am a steady person.

20. f get j¡rto a state of tension or
tur¡rpil as I thj¡k over my rece¡¡t
æncerns and interests.
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STUDENT HEALTH
GENERÅL HEÂLTH

Please read this carefuIlv:

We should like to loow if you have had any medical complaints, and how your

healtå has been in general, over tbe few weeks. Please ansrÃ¡er ALL the questions

on the following pages simply by underli¡¡ing the answer which you thiuk most nearly applies

to you. Remember that we want to loow about present and recent complrints, not those

that you had in tJre past.

It is important tåat you trf¡ to a¡rsv/er ALL the questions.

Thalk you very much for your co-operation.

HAVE YOU REGENTLY:-

UNTWRSÍTY OF ADELAIDE.
/Vane.

Date,

Research ì¡o-

Universitg No.

Iùor se
than usual

Rather bore
than usr¡aI

Rather more
than usual

Rather more
than usual

Rather more
than usual

Rather more
than usual

Less
than usual

Rather more
than usual

Rather more
than usual

SERVTCE.
OUESTIONNAIRE

2

- been feellng perfectly well
and ln good health?

- been feeling in need of a
good tonic?

- been feelfng run down and
out of sorts?

4. - felt that you are fll?

- been gettfng any pains
in your head?

- been getÈ1ng a feelfng of tlght-
ness or pressure ln your head?

- been able to concentraÈe on
whaÈever yourre dolng?

8. - been afrafd thaÈ you were going
to collapse ln a publlc place?

9. - been havfng hot or
cold spells?

lO. - been perspfrlng (sweatlng)
a lot?

Better
than usual

Not
at all

NoË
at all

Not
at all

Not
at all

Not
at all

Better
than usual

Not
at aII

NoÈ
at all

Not
at all

Same
as usual

No more
than usual

No more
Èhan usual

No more
Èhan usual

No more
than usual

No more
than usual

Same
as usual

No nore
than usual

No inore
than usual

No more
than usual

Much r¡orse
than usual

Much more
than usual

Huch more
than usual

lluch more
than usual

lluch more
than usual

Huch more
than usual

Huch less
than usual

Huch more
Èhan usual

lluch more
than usual

3

5

6

7

Rather more lluch oore
t.han usual chan usual

PLEASB N'NN O/ER
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I

YOU RECENTLY: -

- found yourself waking early and
unable to get back Èo sleep?

- been getting up feeling your
sleep hasnrt refreshed you?

3. - been feeling too tfred and
exhausted even Èo eat?

4. lost much sleep over worry?

5. - been feellng mentally alert
and v¡ide awake?

6. - been feeling full of energy?

Not
at all

Not
aE all

Not
ar all

Not
at all

BetÈer
than usual

Better
than usual

Not
at. all

NoÈ
at all

Not
at all

Not
at all

More so
Èhan usual

Qu icker
than usual

NoE
at all

Noc
ac all

More trouble
Ehan usual

No more
Ehan usual

No more
Ehan usual

No more
than usual

No more
than usual

Same

as usual

Same
as usual

No more
than usual

No more
than usual

No more
Èhan usual

No more
than usual

Same
as usual

Same
as usual

No more
than usual

No more
than usual

About same
as usual

Rather more
than usual

Rather more
than usual

Rather more
than usual

RaÈher more
than usual

Less alert
than usual

Less energy
than usual

Rather more
than usual

Rather more
than usual

Rather more
than usual

Rather more
than usual

Rather less
than usual

Longer
than usual

Rather more
than usual

Rather more
than usual

Less trouble
than usual

Much more
than usual

Much more
than usual

Much more
than usual

Much more
than usual

Much less
alerE

Much less
energetlc

Much more
than usual

Ìluch more
than usual

Huch more
than usual

Much more
Ëhan usual

Much less
Ëhan usual

Much longer
than usual

Much more
than usual

Much more
than usual

Èluch less
trouble

2

7 - had diffículty in geÈting off
to sleep?

I - had difficulty in staying asleeP
once you are off?

19. - been having frightening or
unpleasanË dreams?

O. - been havfng restlessr disturbed
night s?

- been managing to keep yourself
busy and occupied?

- been caking longer over the
things you do?

- cended to lose interest in
your ordinary activities?

24. - been losing interest in Your
personal appearance?

5 - been taking less t.rouble with
your c lothes?

6. - been getting out of Ehe house
as much as usuel?

¡.. en managing as well es mosÈ

people would in your shoes?

2ö. felc on che v¡hole You ütere

doing thfngs well?

I

2

3

More
than usual

Bet t.er
than most

BeÈter
t.han u sual

Same
as usual

About
the same

AbouÈ
the serue

Le ss
than usual

Rather
less well

Less well
than usual

Much less
than usudl

Much
less well

Much
less l¡el1
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The General Health Ouestionnaire

Page 3.

HAVE YOU RECENTLY: -

29. - been IaÈe gettíng to work, or
getting started on your housework?

Not.
at all

No later
Èhan usual

Rather later
than usual

ìluch 1aÈer
than usual

30. - been saCfsfied wiÈh the way
yourve car¡led out your task?

More
satisfied

About same
as usual

Less satisfied
than usual

Much les
sati sfie

31. - been able to feel warmth and
affecÈion for those near to you?

Bet ter
than usual

About sa¡ne
as usual

Less well
than usual

Much less
well

32. - been finding it easy co geÈ on
srlth other people?

Bet Èer
than usual

AbouÈ same
as usual

Less weIl
Ëhan usual

Much less
r¡e11

33. - spent ¡m.¡ch time chatting
with people?

More time About sãne
as usual

Less
than usual

Much less
than usualthan usual

- kept feelíng afraid to say
anythlng to people in case
you made a fool of yourself?

Not
at all

No more
than usual

RaÈher more
Ëhan usual

lfuch more
than usual

- felt that you are playing a
useful parc in Èhings?

More so
than usual

Same
as usuaL

Less useful
than usual

Much less
useful

- felt capable of making
decisions abouc things?

More so
than usual

Same
as usual

Less so
Èhan usual

Much less
capable

- felc youtre just not able to
make a starÈ on ânything?

Not
at all

No more
than usual

Rather more
chan usual

Much more
than usual

- felt yourself dreading everything
that you have Eo do?

Not
ac all

No more
Èhan usual

Rather more
chan usual

Much more
Ehan usual

39. - felt constanË1y under strain? NoÈ
at all

No more
t.han u sual

RaÈher more
than usual

Much more
than usual

- fett you couldnrt overcome
your diffículties?

Not
at all

No more
Ehan usual

RaÈher more
than usual

Much more
than usual

1 - been finding life a struggle
all the time?

Not.
at all

No more
Èhan usual

RaËher more
than usual

Much more
Ehan usual

2. - been able to enjoy your normal
day-to-day actlvities?

More so
than usual

Same
as usual

Less so
than usual

Much less
t.han usual

3. - been taking things hard? NoÈ
ac all
Not
at all

No more
t.han u sual

Rather more
than usual

Rather more
Èhan usual

Much more
than usual

Much more
Èhan usual

- been getting edgey and bad-tempered? No more
than usual

5. - been getting scared or panfcky
for no good reason?

NoE

". alÌ
No more
Èhan usual

Rather more
than usual

Much rnore
Èhan usual

- been able to face up Èo

your problerns?
More so

t.han usual
Same

as usual
Less able Huch less
Èhan usual able

PLEASE TURN OVER
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Appendix F
Psychological Self Assessment Questionnaire

The General Health Ouestionnaire
Page4.

HAVE YOU RECENTLY: -

47. - found everyching geEc.ing
on top of you?

Not
at all

No more
Ehan usual

RaÈher more
Ehan usual

Much more
Ehan u sual

43. - had the feeling Èhac people
were looking ac you?

Not
ac all

No more
than usual

RaEher more
than usual

Much more
Èhan usual

49. - been feeling unhappy and depressed?

50. - been losing confidence in yourself?

Not
at all
NoÈ
at all

No more
than usual

No more
than usual

Racher more
than usual

Much more
than usual

Rather more
than usual

Much more
t.han usual

51. - been thinkíng of yourself as
a worthless person?

NoE
at all
Not
at all

No more
than usual

No more
than usual

RaEher more
than usual

Much more
Ehan usual

52. felc that life is entirely hopeless? Rather more
Ehan usual

Much more
than usual

53. - been feeling hopeful abouc
your own fuÈure?

More so
Èhan usual

AbouE same
as usual

Less so
than usuat

Much less
hope fu I

54 - been feellng reasonably h"ppy,
all things considered?

More so
Èhan usual

About same
as usual

Less so
than usual

Much less
than usual

55. - been feeling nervous and
sErung-up aIl che rime?

56. - felt that life isnrt worth ltving?

Not
at all

No more
than usual

Rather more
than usual

Much more
Ehan usual

Not
ac all

No more
than usual

Rather more
Ehan usual

Much more
Èhan usual

57. ÈhoughE of che possibility that
you might make away with yourself?

Defini te 1y
not

I donr È

think so
Has crossed
my mind

De ffni te ly
have

58. found at times you couldnrt do
anything because your nerves were
too bad?

Not
ac all

No more
than usual

Rather more
Èhan usual

Much more
than usual

59. found yourself wishing you were
dead and away from it all?

Not
at all

No more
than usual

Rather more
than usual

Much more
Èhan usual

60. found that the ldea of taking
your onn life kept coming inÈo
your mlnd?

De fini tely I donrt
think so

Has crossed
my mlnd

De fini Èe 1y
hasnot

Copyright (ò ceneral practj.ce Research Unit 1969 (de crespigny Park, London S.8.5.)
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Appendix G. Statistical Tables ;

Supplementary details of results from Chapter 4.

Demographic characteristics and differences between Study
Samples

Table L.

The occupations of the individuals in the three study samples are listed below

Frequency Distribution for Occupation
Split By: Study Sample

TotalCount Samplel Count Sample2 Count Sample3 Count

lnst-Music-Student

Vocal_Music_Student

Dentistry_Student

Law Student

Maths Student

Arts Student

Science Student

Engineering-Student

Economics Student

Geology_Student

Medical Student

Psychology-Student

Music Teacher

Pianist

High_School_Student

University_Lecturer

Total

Table 2.

Within the Instrumental Music Students'group, Sample 1, the following table lists the principal

instrument played.

Principal lnstrument Number

Piano 47
Guitar I
Violin B

Flute 7

Clarinet 6

Trumpet 4

Cello 2

Oboe 2

Organ 2

Trombone 2

Viola 1

Bassoon 1

Double Bass 1

Piccolo 1

Percussion 1

112 93 0 19

2 0 2 0

4 0 4 0

7 0 5 2

7 0 7 0

12 0 11 1

11 0 11 0

7 0 7 0

.t 0 3 0

1 0 1 0

2 0 1 1

1 0 1 0

3 0 0 3

1 0 0 1

1 0 0 1

1 0 0 1

175 93 53 29
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Table 3.

Of the 93 Instrumental Music Students, 45 played a second instrument.
Second lnstrument Number

Piano 13

Violin 10

Flute 5

Percussion 3

Clarinet 3

Cello 2

Recorder 2

Double Bass 1

Viola 1

Oboe 1

Lute 1

Trombone 1

Piccolo 1

Saxophone 1

Table 4.

Patient group, Sample 3, The following table lists the principal instrument played.

instruments are as "Other" to preserve anonymity).

Table 5.

Patient l0 a second instrument.

Principal lnstrument Number

Piano 15
2Violin

Saxophone 2

Guitar 1

1Oboe
Bassoon 1

Double Bass 1

1Percussion
Other 1

None 4

,I\JL¡P, ù4tul

Second lnstrument Number

Piano 3

Flute 2

Violin 1

Recorder 1

Cello 1

Double Bass 1

Guitar 1
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Table 6.

Age at time of Initial Assessment.

Descriptive Stat¡st¡cs
Split By: Study Sample

Mean Std. Dev. Std. Error Count Minimum Maximum

Age Assessed, Total

Age Assessed, Samplel

Age Assessed, Sample2

Age Assessed, Sample3

20.653 5.172 .391 175 14.767 45.049

19.443 3.247 .337 93 17.O14 39.707

20.612 5.364 737 53 16.899 45.049

24.607 7.557 1.403 29 14.767 43.649

Table 7.

The difference between the mean ages of the different study samples was compared with

Analysis of Variance.

ANOVA Table for Age Assessed

DF Sum of Squares Mean Square

Study Sample

Residual

Modelllestimate of between component 5.18

Fisher's PLSD Post-hoc test of between groups differences

Fisher's PLSD for Age Assessed
Effect: Study Sample
Significance Level: 5 %

Mean Diff. Crit. Diff P-Value

-1.169 1.652 .1641

-5.164 2.O41 <.0001

-3.995 2.2't6 0005

F-Value P-Value

Samplel, Sample2

Samplel, Sample3

Sample2, Sample3

S

S

Table 8.

Contingency table analysis comparing sex ratio of Sample 1 with Sample 2

Observed Frequencies Summary Tabte

F

M

Totals

Totals

88

58

146

Samplel Sample2

63 25

30 28

93 53

Num. Missing

DF

ChiSquare

ChiSquare P-Value

G-Squared

G-Squared P-Value

Contingency Coef.

Phi

Cty. Cor. ChiSquare

Cty. Cor, P-Value

0

1

5.967

.0146

5.930

.0149

.198

202

5.1 39

0234

021 I

Percents of Column Totals

Samplel Sample2 Totals

F

M

67.742 47.170

32.258 52.830

60.274

39.726

589.733 294.867 12.476 <.00012

172 4065.134 23.634

Totals 100.000 100.000 100.000 Fisher's Exact P-Value
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Table 9.

Contingency table analysis comparing sex ratio of Sample I with Sample 3.

F

M

Totals

Observed Frequencies

Samplel Sample3 T
63 20

30 o

Summary Table

Num. Missing

DF

ChiSquare

ChiSquare P-Value

G-Squared

G-Squared P-Value

Contingency Coef.

Phi

Cty. Cor. ChiSquare

Cty. Cor. P-Value

Fisher's Exact P-Value

otals

83

39

122

0

1

.015

.9018

015

901 6

011

.011

0.000

>.9999

>.9999

93 29

Percents of Column Totals

Samplel Sample3 Totals

F

M

67.742 68.966

32.258 31.034

68.033

31.967

Totals 100.000 100.000 100.000

Table 10.

Contingency table analysis comparing sex ratio of Sample 2 with Sample 3.

F

M

Totals

25 20

28 9

53 29

Percents of Column Totals

Sample2 Sample3

47.170 68.966

52.830 31.034

Totals 100.000 100.000

Unpaired t-test for Age Assessed
Grouping Variable: Occupational Classification
Hypothesized Difference = 0

Mean Diff

Observed Frequencies

Sample2 Sample3 Totals

Totals

54.878

45.122

100.000

lnstrumental Musician, Non-musician

Group lnfo for Age Assessed
Grouping Variable: Occupational Classif ication

Count Mean

lnstrumental Musician

Non-musician

DF t-Value P-Value

-.861 173 -1.032 .3036

45

37

82

Summary Table

Num. Missing

DF

ChiSquare

ChiSquare P-Value

G-Squared

G-Squared P-Value

Contingency Coef.

Phi

Cty. Cor. ChiSquare

Cty. Cor. P-Value

Fisher's Exact P-Value

0

1

3.596

.0579

3.667

.0555

.205

.209

2.770

0961

0673

F

M

Table L1.

There was no significant difference in the age of musicians vs non-musicians.

118 20.372 20.086 4.482 .413

57 21.233 40.650 6.376 .u4

Variance Std. Dev. Std. Err
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Table 12.

There was a significant difference in the age between diagnostic categories

ANOVA Table for Age Assessed
DF Sum of Mean

95 19.897 4.039 .414

43 19.981 4.729 721

37 23.375 7.1 39 1.174

F-Value P-Value

lnit¡al Diagnostic Classif ication

Residual
Model ll estimate of between component 2.834

Means Table for Age Assessed
Effect: lnitial Diagnostic Classification

Count Mean Std. Dev. Std. En

No Symptoms

lnconsequential

Consequential

Fisher's PLSD for Age Assessed
Effect: lnitial Diagnostic Classification
Significance Level:5 %

Mean Diff. Crit. Diff P-Value

No Symptoms, lnconsequential

No Symptoms, Consequential

I nconsequential, Consequential

-.085 1.815 9268
-3.478 1.914 0004
-3.393 2.215 0029

S

S

Table 13.

Contingency table analysis comparing sex ratio of musicians with non-musicians.

Observed Frequencies Summary Table

lnstrumental Musician Non-musician
Num. Missing

DF

ChiSquare

ChiSquare P-Value

G-Squared
118

G-Squared P-Value
Percents of column Totals 

contingency coef.

lnstrumental Musician Non-musician Totals ph¡

F

M

Totals

F

M

Totals

81 27

37 30

57

68.6,¿14 47.368

31.356 52.632

100.000

61.714 Cty. Cor. Chisquare
38.286 Cty. Cor. P-Vatue

100.000 100.000 Fisher's Exact P-Value

Totals

108

67

175

0

1

7.363

0067

7.272

.0070

.201

.205

6.490

.0108

0081

6.945 .00132 347.814 173.907

4307.053 25.O41172
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Table 14.

There was no significant difference in the sex ratio between diagnostic categories overall.

Observed Frequencies Summary Table

F

M

Totals

F

M

No Symptoms lnconsequential Consequential

53 28 27

42 15 10

95 43 37

55.789 65,116 72.973

44.211 34.884 27.O27

No Symptoms lnconsequential Consequential

53 28 7

42 15 1

95438
Percents of Column Totals

No Symptoms lnconsequential Consequential

55.789 65.1 16 87.500

44.211 34.884 12.500

100.000 100.000 100.000 100.000

Totals

108

67

175

Num. Missing

DF

Chi Square

ChiSquare P-Value

G-Squared

Num. Missing

DF

Chi Square

Chi Square P-Value

G-Squared

G-Squared P-Value

0

2

3.607

1647

3.685

1 584

142

.144

0

2

3.696

1 576

4.122

1273

157

159

Percents of column Totals 
G-squared p-Value

No Symptoms lnconsequential Consequential Totâls Contingency Coef.

61.714 Cramer's V

38.286

Totals 100.000 100.000 100.000 100.000

Cross-sectional Analysis

Table 15.

Contingency table analysis for an effect of sex on the prevalence of upper-limb activity

symptoms (analysis limited to the control group, samples I and2) shows no significant effect.

Observed Frequencies Summary Table

F

M

Totals

Totals

88

58

146

F

M

Totals

Totals ContingencyCoef.
60.274 Cramer,s V

39.726
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Table 16.

Prevalence of symptoms comparing Instrumental Music Students with Other Students

Observed Frequencies

Music Student Other Student

52 43

35 I
6 2

93 53 146

Prevalence Estimate ls Column Percentage

Music Student Other Student

No Symptoms

lnconsequential

Consequential

Totals

Contingency table analysis of the prevalence of symptoms comparing Instrumental Music

Students with Other Students; the "Consequential Symptoms" subgroups are excluded because

of small expected cell frequencies.

Observed Frequencies

Music Student Other Student Totals

0

1

9.029

.0027

9.646

001 9

.248

.256

7.921

.0049

.0040

87 51

Other Student

87.000 51.000

ota sT

No Symptoms

lnconsequential

Consequential

Totals

95

43

8

No Symptoms

lnconsequential

Totals

No Symptoms

lnconsequential

Totals

Expected Values

Music Student

55.914 81 .132

37.634 15.094

6.452 3.774

100.000 100.000

52 43

35 I

Summary Table

Num. Missing

DF

ChiSquare

ChiSquare P-Value

G-Squared

G-Squared P-Value

Contingency Coef.

Phi

Cty. Cor. ChiSquare

Cty. Cor. P-Value

Fisher's Exact P-Value

Totals

65.068

29.452

5.479

100.000

95

43

138

Totals

95.000

43.000

138.000

59.891 35.109

27.109 15.891
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Table 17

Contingency table analysis of the prevalence of "fnconsequential Symptoms" associated with

writing comparing Instrumental Music Students with Other Students; the "Consequential

Symptoms" subgroups a¡e excluded because of small expected cell frequencies.

Summary Table

Num. Missing

Observed Frequencies DF

ChiSquare
Music Student Other Student

No Symptoms

lnconsequential

Totals

80 45

12 6

92

Totals chi square P-value
125 G-squared
18 G-Squared P-Value

0

1

.049

8252

.049

.8245

.018

.018

0

>.9999

>.9999

51 143 contingency coef.

Ph¡

Cty. Cor. ChiSquare

Cty. Cor. P-Value

Fisher's Exact P-Value

Case-control Analysis

Table 18.

Contingency table analysis of association between recent change in activity and onset of

symptoms . (only individuals with symptoms included).

Observed Frequencies Summary Table

No Change
Change
Totals

No Change
Change
Totals

uential T

37

100.000

Totals

56.250

43.750

100.000

otals

45

35

80

Num. Missing

DF

ChiSquare
ChiSquare P-Value

G-Squared

G-Squared P-Value

Contingency Coef.

Phi

Cty. Cor. ChiSquare
Cty. Cor. P-Value

Fishe/s Exact P-Value

0

1

2.970
.0848

2.983

Q842

.189

193

2.242
1 343

.1143

43

Percents of Column Totals

100.000

28 17

15 20

65.116 45.946

34.884 54.054
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Table 19.

Contingency table analysis of association between recent change in activity prior to on set of

symptoms and Occupational Classification. (only individuals with symptoms included).

Observed Frequencies

Musician Non-Musician T

Summary Table

No Change

Change
Totals

No Change

Change
Totals

34 11

32 3

100.000

Num. Missing

DF

ChiSquare
ChiSquare P-Value

G-Squared
G-Squared P-Value

Contingency Coef.

Ph¡

Cty. Cor. ChiSquare

Cty. Cor. P-Value

Fisher's Exact P-Value
100.000

35 2.086 1.634 .276

I 1.500 1.069 .378
31 2.710 2.673 .480

6 1,667 1.211 .494

otals

45

35

80

95

1

3,436

.0638

3.667

0555

203

.207

2.424
1 195

.0799

66 14

Percents of Column Totals

Musician Non-Musician

s1 .515 78.571

48.485 21.429

Totals

56.250

43.750

100.000

Table 20.

Two way ANOVA comparing mean "extent of symptoms" for the factors "Occupational

Classification" and "Diagnostic Classification"
ANOVA Table for Number of Symptomatic Areas

DF Sum of ares Mean Square F-Value P-Value

I nitial Diagnostic Classif ication

Occupational Classification

lnteraction

Residual

Means Table for lNumber of Symptomatic Areas
Effect: lnitial Diagnostic Classification' Occupational Classification

Count Mean Std. Dev. Std. Err.

lnconsequential, Musician

lnconsequential, Non-Musician

Consequential, Musician

Consequential, Non-Musician

1.773 1.773 .421 .51861

1.785 1 8561 7.526 7.526
1 593 593 141 7086

76 320.463 4.217
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Table 21.

Simultaneous comparisons of the number of sites of tenderness found on examination were

made between Occupational Categories (musicians cf non-musicians) and the different

Diagnostic Categories, with a two way analysis of variance.

ANOVA Table for No. of Tender Sites

DF Sum of Squares Mean Square F-Value P'Value

Occupational Classif ication

lnitial Diagnostic Classif ication

lnteraction

Residual

Musician, No Symptoms

Musician, lnconsequential

Musician, Consequential

Non-Musician, No Symptoms

Non-Musician, lnconsequential

Non-Musician, Consequential

No Symptoms, lnconsequential

No Symptoms, Consequential

I nconsequential, Consequential

1 .261 .261 .o12 .9129

2 3384.815 1692.408 77.731 <.0001

2 11.666 s.833 .268 7653

169 3679.552 21.772

Means Table for No. of Tender Sites
Effect: Occupational Classification' lnitial Diagnostic Classification

Count Mean Std. Dev. Std. Err

52 2.923 3.661 .508

35 7.686 5.940 1,004

31 1 6.1 29 6.702 1.204

43 2.000 2.225 .339

I 7.750 2.659 .940

b 16.667 6.1 86 2.525

Fisher's PLSD for No. of Tender Sites
Effect: lnitial Diagnostic Classification
Significance Level: 5 %

Mean Diff. Crit. Diff P-Value

-5.192 1.693 <.0001

-13.711 1.785 <.0001

-8.519 2.066 <.0001

S

ù

S
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Table 22.

simultaneous comparisons of the "prevalence of tenderness in s)¡mptomatic areas" were made

between Occupational Categories (musicians cf non-musicians) and the different Diagnostic

Categories, with a two way analysis of variance (individuals with no symptomatic areas were

excluded from this analysis).

ANOVA Table for Prevalence of Tenderness in Symptomatic Areas

DF Sum of Squares Mean Square F-Value P-Value

lnitial Diagnostic Classif ication

Occupational Classification

lnteraction

Residual

lnconsequential, Musician

lnconsequential, Non-Musician

Consequential, Musician

Consequential, Non-Musician

Means Table for Prevalence of Tenderness in Symptomatic Areas
Effect: Initial Diagnost¡c Class¡fication * Occupational Classification

Count Mean Std. Dev. Std. Err.

1 .420 .420 3.014 .0866

1 .236 .236 1.695 1 969

1 .258 258 1.850 1778

76 10.590 .139

35 580 .489 .083

8 875 .354 125

31 923 .215 .039
6 .917 .204 .083

2 5.332 2.666 s0.864 <.000'l

1 .010 010 191 6624

2 088 o44 .841 4329

165 8.648 .o52

52 188 .224 .031

43 140 150 023

34 .374 291 050

8 .401 170 060

28 .674 .262 049

6 759 .248 101

-.213 .084 <.0001

-.523 .090 <.0001

-.310 104 <.0001

Table 23.

Simultaneous comparisons of the "prevalence of tenderness in asymptomatic areas" were made

between Occupational Categories (musicians cf non-musicians) and the different Diagnostic

Categories, with a two rway analysis of variance (individuals with no asymptomatic areas were

excluded from this analysis).

ANOVA Table for Prevalence of Tenderness in Asymptomatic Areas

DF Sum of Squares Mean Square F-Value P-Value

Means Table for Prevalence of Tenderness in Asymptomatic Areas
Effect: lnitial Diagnostic Classification * Occupational Classification

Count Mean Std. Dev. Std. Err.

I nitial Diagnostic Classif ication

Occupational Classification

lnteraction

Residual

No Symptoms, Musician

No Symptoms, Non-Musician

I nconsequential, Musician

lnconsequential, Non-Musician

Consequential, Musician

Consequential, Non-Musician

No Symptoms, lnconsequential
No Symptoms, Consequential
lnconsequential, Consequential

Fisher's PLSD for Prevalence of Tenderness in Asymptomatic Areas
Effect: Initlal Diagnostlc Glassification
Significance Level: 5 7o

Mean Diff. Crit. Diff P-Value

S

S

S
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Table 24.

The "Prevalence of tenderness in unilateral asymptomatic areas" and the "Prevalence of

tenderness in asymptomatic areas in general" were compared, in each individual with at least

one unilateral asymptomatic area, with the paired Student's t-test.

Paired t-test
Hypothesized Difference = 0

Mean Ditf. DF t-Value P-Value

Unilateral Asyptomatic, Asymptomatic

Table 25.

The "Prevalence of tenderness in unilateral asymptomatic areas" and the "Prevalence of

tenderness in symptomatic areas" were compared, in each individual with at least one unilateral

asymptomatic area, with the paired Student's t-test.

Paired t-test
Hypothesized Difference = 0

Mean Diff. DF t-Value P-Value

Unilateral Asyptomatic, Symptomatic

Table 26.

The "Prevalence of tenderness in unilateral asymptomatic areas" and the "Prevalence of

tenderness in symptomatic areas" were compared, in each individual with at least one unilateral

asymptomatic area, with the paired Student's t-test, stratified by both Occupational and

Diagnostic Classification.

Paired t-test
Split By: Occupational Classification
Hypothesized Difference = 0

Mean Diff. DF t-Value P-Value

Unilateral Asyptomatic, Symptomatic: Total

Unilateral Asyptomatic, Symptomatic: Musician

Unilateral Asyptomatic, Symptomatic: Non-Musician

-.o74 46 -1 .310 1 968

-.097 35 -1,313 1 978

0.000 10 a a

Paired t-test
Split By: lnitial Diagnostic Classification
Hypothesized Difference = 0

Unilateral Asyptomatic, Symptomatic: Total

Unilateral Asyptomatic, Symptomatic: lnconsequential

Unilateral Asyptomatic, Symptomatic: Consequential

Mean Diff. DF t-Value P-Value

-.074 46 -1.310 1 968

-.083 23 -1.000 .3277

-.065 22 -,826 .4175

248 46 4.759 <.0001

1 968-.074 46 -1.310
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Cohort Prospective-Analysis

Table 27

Contingency table analysis of association between "Presence of Tenderness at Initial

Assessment" and "Followup Diagnostic Classification".
Summary Table

Observed Frequencies

No

Yes

Totals

otals

30

52

82

No lnco Consequential T

28 16

38 3.711 4.392 .713
28 5.964 5.840 1.104

16 4.000 4.858 1.214

Num, Missing

DF

Chi Square

ChiSquare P-Value

G-Squared

G-Squared P-Value

Contingency Coef.

Cramer's V

0

2

1.434
.4883

1.480

.4772

131

132

Table 28

The difference in the means of the "Number of sites of tenderness at initial assessment" between

the categories of "Followup Diagnostic Classification" were compared with a one-way

ANOVA.

ANOVA Table for lnitial No. of Tender Sites
DF Sum of uares Mean F-Value P-Value

Followup Diagnostic Classif ication

Residual
Model ll estimate of between component

Means Table for lnitial No. of Tender Sites
Effect: Followup Diagnostic Classification

Count Mean Std. Dev. Std. Err

38

No Symptoms
lnconsequential

Consequential

416 10
'18 1222

1.740 18222 87.610 43.805

25.17479 1988.780
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Table 29

The difference in the mean values of the "Prevalence of tenderness in asymptomatic areas at

initial assessment" between the categories of "Followup Diagnostic Classification" were

compared with a one-way ANOVA.
ANOVA Table for Prevalence of tenderness in asymptomatic areas

DF Sum of Mean uare F-Value P-Value

Followup Diagnostic Classif ication

Residual
Model ll estimate of between component a

Means Table for Prevalence of tenderness in asymptomatic areas
Effect: Followup Diagnostic Classification

Count Mean Std. Dev. Std. Err.

No Symptoms

lnconsequential

Consequential
One case was omiüed due to asym areas.

.636 53232 .092 .046

.07378 5.656

266 .04338 228

27 .300 .290 .056

.05916 .228 .238
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Table 30.

Student's t-test was used to compare the differences in physical fitness parameters Aerobic

Fitness as given by an estimate of V 02 max., Grip Strength, Pinch Strength and Peak

Expiratory Flow Rate (PEFR) between males and females.
Unpaired t-test for VO2 Max.
Grouping Variable: Sex
Hypothesized Ditference = 0

Mean Diff. DF t-Value P-Value

F,M

Group lnfo for VO2 Max.
Grouping Variable: Sex

Count Mean Variance Std. Dev. Std. En

49 37.736 10.234 3.199 .457

28 54.690 70.426 8.392 1.586

Unpaired t-test for Maximum Grip Strength
Grouping Variable: Sex
Hypothesized Difference = 0

Mean Diff. DF t-Value P-Value

Group lnfo for Maximum Grip Strength
Grouping Variable: Sex

Count Mean Variance Std. Dev, Std. Err

44 32.211 22.111 4.702 709

26 53.731 95.985 9.797 1.921

Unpaired t-test for Maximum Pinch Strength
Grouping Variable: Sex
Hypothesized Difference = 0

Mean Diff. DF t-Value P-Value

F,M

Group lnfo for Maximum Pinch Strength
Grouping Variable: Sex

Count Mean Variance Std. Dev. Std. Err

43 43.860 39.075 6.251 .953

26 51.885 28.586 5.347 1.049

F

M

F M

F

M

F

M

Unpaired t-test for PEFR
Grouping Variable: Sex
Hypothesized Difference = 0

Mean Diff. DF t-Value P-Value

F,M

Group lnfo for PEFR
Grouping Variable: Sex

Count Mean Variance Std. Dev. Std. Err

51 446.765 4369.824 66.105 9.257

28 562j43 6019.312 77.584 '14.662
F

M

-16.954 75 -12.671 <.0001

-21.520 68 -12.394 <.0001

-8.O24 67 -5.447 <.0001

-1 15.378 E!@@
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Table 31.

The difference in the mean values among males of the "Y 02 max. estimate at initial

assessment" between the categories of "Followup Diagnostic Classification" were compared

with a one-way ANOVA.
ANOVA Table for VO2 Max.
For: Sex = Male

DF Sum of Mean F-Value P-Value

Followup Diagnostic Classif ication

Residual
Model ll estimate of between component variance: .

Means Table for VO2 Max.
Effect: Followup Diagnostic Classification
For:Sex-Male

Count Mean Std. Dev. Std. Err

No Symptoms
lnconsequential

Consequential

12 54.910 10.392 3.000

11 54.210 7.245 2.1 85

5 55.218 6.783 3.033

Table 32.

The difference in the mean values among females of the "Y OZ max. estimate at initial

assessment" between the categories of "Followup Diagnostic Classification" \¡¿ere compared

with a one-way ANOVA.
ANOVA Table for VO2 Max.
For: Sex = Female

DF Sum of Mean F-Value P-Value

Followup Diagnostic Classif ication

Residual
Model ll estimate of between component
5 cases were omitted due to missing values.

Means Table for VO2 Max.
Effect: Followup Diagnostic Classif ication
For: Sex = Female

Count Mean Std. Dev. Std. Err

a

24 37.551 3.595 734
15 38.327 3.342 .863

10 37.292 1.816 .574

No Symptoms
lnconsequential

Consequential
5 cases were omitted due to missing values

2.255 .030 .97082 4.509

25 1896.982 75.879

2 8.O24 4.O12 .382 .6847

46 483.219 10.505
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Table 33.

The difference in the mean values of the "Number of Hours of Physical Activity per V/eek at

initial assessment" between the categories of "Followup Diagnostic Classification" were

compared with a one-way ANOVA.

ANOVA Table for Hours Physical Activity per Week
DF Sum of Mean S re F-Value P-Value

Followup Diagnostic Classif ication

Residual
Model ll estimate of between component variance: '

Means Table for Hours Physical Activity per Week
Effect: Followup Diagnostic Classification

Count Mean Std. Dev. Std. Err

No Symptoms
lnconsequential
Consequential

38 4.118 5.180 .840

28 3.196 4.530 .856

16 4.219 5.724 1.431

Table 34.

The difference in the mean values of the "Dextelity Test at initial assessment" between thc

categories of "Followup Diagnostic Classification" were compared with a one-way ANOVA'

ANOVA Table for DexteritY
DF Sum of Mean F-Value P-Value

Followup Diagnostic Classif ication

Residual
Model ll estimate of between
2 cases were omitted due to

Means Table for Dexterity
Effect: Followup Diagnostic Classification

Count Mean Std. Dev. Std. Err

No Symptoms
lnconsequential
Consequential

2 cases were om to ng values.

a

72298.407 .3262 16.815

2038.371 25.80279

.85362 39,751 19.876 159

77 9647.436 125.291

1.35737 131.622 8.254

27 130.370 14.539 2.798
10.641 2.66016 132.188
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Table 35.

The difference in the mean values among males of the "Grip Strength at initial assessment"

between the categories of "Followup Diagnostic Classification" were compared with a one-way

ANOVA.
ANOVA Table for Maximum Grip Strength
For:Sex=Male

DF Sum of Mean F-Value P-Value

Followup Diagnostic Classif ication

Residual
Model ll estimate of between component
2 cases were omitted due to missing values.

Means Table for Maximum Grip Strength
Effect: Followup Diagnostic Classification
For:Sex=Male

Count Mean Std. Dev

a

Std. Err

No Symptoms
lnconsequential

Consequential

11 54.512 8.400 2.533

11 52.603 10.376 3.128

4 54.682 14.062 7.031

Std. Err

Crit. Diff P-Value

-1.422 3.078 .3563

3.563 3.481 .0451

4.985 3.638 .0084

2 cases were omitted due to missing values.

Table 36.

The difference in the mean values among females of the "Grip Strength at initial assessment"

between the categories of "Followup Diagnostic Classification" were compared with a one-way

ANOVA. Fisher's PLSD tüas used to determine the significance of between grogp differences.
ANOVA Table for Maximum Grip Strength
For:Sex=Female

DF Sum of F-Value P-Value

Followup Diagnostic Classif ication

Residual
Model ll estimate of between component
10 cases were omitted due to missing values.

Means Table for Maximum Grip Strength
Effect: Followup Diagnostic Classification
For: Sex = Female

Count Mean Std. Dev

No Symptoms
lnconsequential
Consequential

10 cases were omitted due to

Fisher's PLSD for Maximum Grip Strength
Effect: Followup Diagnostic Classif ication
Significance Level: 5 7o

For: Sex = Female
Mean Diff

ares Mean

S

S

No Symptoms, lnconsequential

No Symptoms, Consequential

lnconsequential, Consequential

118 .88942 24.321 1 2.1 61

103.27423 2375.307

.02772 152.627 76.314 3.920

19.46741 798.162

19 32.536 4.541 1.042
1.1s615 33.958 4.476

10 28.973 4.035 't.276

10 cases were omitted due to missing values.
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Table 37.

The difference in the mean values among males of the "Pinch Strength at initial assessment"

between the categories of "Followup Diagnostic Classification" were compared with a one-way

ANOVA.
ANOVA Table for Maximum Pinch Strength
For: Sex = Male

DF Sum of S Mean F-Value P-Value

Followup Diagnostic Classif ication

Residual
Model ll estimate of between component variance: '
2 cases were omitted due to missing values.

Means Table for Maximum Pinch Strength
Effect: Followup Diagnostic Classification
For: Sex = Male

Count Mean Std. Dev, Std. Err

No Symptoms
lnconsequential
Consequential

2 cases were om to missing values,

Table 38.

The difference in the mean values among females of the "Pinch Strength at initial assessment"

between the categories of "Followup Diagnostic Classification" were compared with a one-way

ANOVA.
ANOVA Table for Maximum Pinch Strength
For:Sex=Female

DF Sum of uares Mean uare F-Value P-Value

Followup Diagnostic Classif ication

Residual
Model ll estimate of between component variance: 1.031
11 cases were omitted due to missing values.

Means Table for Maximum Pinch Strength
Effect: Followup Diagnostic Classification
For:Sex=Female

Count Mean Std. Dev

No Symptoms
lnconsequential

Consequential
11 cases were om

Std. Err

to values.

95392.927 1.463 .0472

23 711.727 30.945

51.545 4.132 1.24611

2.17811 52.000 7.225

52.500 2.517 1.2584

52.781 1.375 .26462 105.563

40 1535.600 38.390

18 42.667 6.362 1.499

15 46.000 3.381 873

42.800 8.741 2.76410
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Table 39.

The difference in the mean values among males of the "Y 02 max. estimate at initial

assessment" between the categories of "Followup Diagnostic Classification" were compared

with a one-way ANOVA.
ANOVA TabIE fOr PEFR

For: Sex = Male
DF Sum of uares Mean F-Value P-Value

Followup Diagnostic Classification

Residual
Model ll estimate of between component variance: 627.888

Means Table for PEFR
Effect: Followup Diagnostic Classification
For:Sex=Male

Count Mean Std. Dev. Std. Err

No Symptoms
lnconsequential
Consequential

12 547.917 78.724 22.726

11 595.455 60.723 18.309

5 523.000 93.782 41.940

Table 40.

The difference in the mean values among females of the "Y OZ max. estimate at initial

assessment" between the categories of "Followup Diagnostic Classification" were compared

with a one-way ANOVA.
ANOVA Table for PEFR
For:Sex=Female

DF Sum of Mean uare F-Value P-Value

Followup Diagnostic Classif ication

Residual
Model ll estimate of between
3 cases were omitted due to

Means Table for PEFB
Effect: Followup Diagnostic Classification
For: Sex = Female

Count Mean Std. Dev. Std. Err

No Symptoms
lnconsequential
Consequential

3 cases were omitted due to missing

component variance: .
missing values.

1.987 1 5812 22295.785 11147.892

140225.644 5609.02625

7647.176 3823.588 .870 .42532

48 210844,000 4392.583

25 457.800 61.273 12.255

70.285 17.57116 442.500
10 426,000 71.988 22.764
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Table 41.

Contingency table analysis of association between "Poor Postural at Initial Assessment" and

"Followup Diagnostic Classification".

Contingency table analysis: Poor Posture cf Followup Diagnostic Classification

Observed Frequencies

Summary Table

Num. Missing

DF

ChiSquare

ChiSquare P-Value

G-Squared

G-Squared P-Value

Contingency Coef.

Cramer's V

No ential uential Totals

38

Table 42.

Student's t-test was used to compare the differences in the physical attributes "Hand Span" and

"Body Mass Index" between males and females.

No

Yes

Totals 28

39

42

81

1

2

2.666

.2637

2.695

.2599

179

181

15

Unpaired t-test for Hand Span
Grouping Variable: Sex
Hypothesized Difference = 0

Mean Diff. Of t-Value P-Value

F,

Group lnfo for Hand Span
Grouping Variable: Sex

Count Mean Variance Std. Dev. Std. Err

53 202.792 125.706 11.212 1.540

28 228.679 141.856 1 1.910 2.251

Unpaired t-test for Body Mass lndex
Grouping Variable: Sex
Hypothesized Difference = 0

Mean Diff. DF t-Value P-Value

F,M

M

F

M

Group lnfo for Body Mass lndex
Grouping Variable: Sex

Count Mean Variance Std. Dev Std. Err

F

M

53 22.174 8.028 2.833 .389

28 21.738 8.261 2.874 .543

21 10 8

717 18

-25.886 79 -9.672 <.0001

.436 79 655 51 41
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Table 43.

The difference in the mean values among males of the "Maximum Hand Span Measurement"

between the categories of "Followup Diagnostic Classification" were compared with a one-way

ANOVA.

ANOVA Table for Hand Span
For Sex = Male

DF Sum of Mean re F-Value P-Value

Followup Diagnostic Classif ication

Residual
Model ll estimate of between component

Means Table for Hand Span
Effect: Followup Diagnostic Classif ication
For Sex = Male

Count Mean Std. Dev' Std. Err

a

12 229.750 14.900 4.301

11 227.273 9.634 2.905

5 229.200 10.281 4.598

No Symptoms
lnconsequential
Consequential

Table 44.

The difference in the mean values among females of the "Maximum Hand Span Measurement"

between the categories of "Followup Diagnostic Classification" were compared with a one-way

ANOVA.

ANOVA Table for Hand SPan
For Sex = Female

DF Sum of Squares Mean F-Value P-Value

Followup Diagnostic Classif ication

Residual
Model ll estimate of between component va a

One case was omitted due to missing values.

Means Table for Hand SPan
Effect: Followup Diagnostic Classification
For Sex = Female

Count Mean Std. Dev. Std. Err

No Symptoms
lnconsequential
Consequential

One case was due to missing values.

18.438 122 .88612 36.875
151.72925 3793.232

.249 78042 64.502 32.251

129.44450 6472.215

26 202.769 11.742 2.303

12.O47 2.92217 204.000

10 200.800 8.842 2.796
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Table 45.

The difference in the mean values of the "Body Mass Index at initial assessment" between the

categories of "Followup Diagnostic Classification" were compared with a one-way ANOVA.

ANOVA Table for Body Mass Index
DF Sum of Mean F-Value P-Value

Followup Diagnostic Classif ication

Residual
Model ll estimate of between component variance: '
One case was omitted due to missing values.

Means Table for Body Mass lndex
Effect: Followup Diagnostic Glassification

Count Mean Std. Dev. Std. Err

No Symptoms

lnconsequential

Consequential
One case was etom s ues,

Table 46.

Student's t-test was used to compare the differences in "mean number of hours music

instrument performance per week" between males and females.

Unpaired t-test for Hrs Music lnstrument Performance per Week
Grouping Variable: Sex
Hypothesized Difference = 0

Mean Diff. DF t-Value P-Value

F,M

Group lnfo for Hrs Music lnstrument Performance per Week
Grouping Variable: Sex

Count Mean Variance Std. Dev. Std. Err

52 19.234 88.987 9.433 1.308

28 17.929 63.958 7.997 1.511

F

M

.441 .220 027 97372

78 643.546 8.251

22.062 2.760 .45437

28 22.056 2.318 .438
3.867 .96716 21.875

.53621.305 78 621
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Table 47.

The differences in "mean number of hours music instrument performance per week at time of

Initial Assessment" between the categories of "Followup Diagnostic Classification" were

compared with a one-way ANOVA.

ANOVA Table for Hrs Music lnstrument Performance per Week
DF Sum of Mean F-Value P-Value

Followup Diagnostic Classif ication

Residual
Model ll estimate of between component 9.599
2 cases were omitted due to missing values.

Means Table for Hrs Music lnstrument Performance per Week
Effect: Followup Diagnostic Classification

Count Mean Std. Dev. Std. Err.

No Symptoms

lnconsequential
Consequential

2 cases were to values,

Fisher's PLSD for Hrs Music lnstrument Performance per Week
Effect: Followup Diagnostic Classif ication
Significance Level: 5 %

Mean Diff. Crit. Diff P-Value

No Symptoms, lnconsequential

No Symptoms, Consequential

I nconsequential, Consequential

2 cases were omitted due to missing values.

-6.035 4.279 .0063

-.590 5.229 .8227

5.445 5.466 .0509

S

314.876 4.279 01732 629.752

73.59077 5666.467

16.554 9.592 1.57737
1.52328 22.589 8,061

17.144 6.544 1.69015
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Table 48.

Unpaired t-test was used to assess whether there were significant sex differences in the mean

values in the scores from the psychological questionnaires (Standard Error of the Mean in

brackets adjacent to mean values).

Psychological
Questionnaire

Mean Value
Females

Mean Value
Males

Unpaired t-test
t Value

t-test
o Value

GHQ 4.37 (0.83) 4.46 fi.O2\ -0.069 0.95

SAO Trait) 37.18 Í.271 36.25 1.3 ) 0.471 0.64

IBO GH 1.41 (0.27 1.14 rc.24\ 0.659 0.51

IBQ DC 1.02 15 1 .04 (0.15) -0.070 0.94

IBQ_PvSC 1.s8 (0.10) 2.21 1 -1.291 0.20

IBO AI 2.39 rc.24\ 2.07 31 0.807 0.42

1.71 (0.23 1.07 (0.26) 1.724 0.09

IBQ D 3.18 (0.17) 3.00 (0.19) 0.667 0.51

tBo I 1.16 (0.18) 0.82 0.17 1.211 0,23

Table 49.

The Correlation Coeficient of each of the factors with its associted "Normal Scores" \ryas

calculated. This correlation coefîcient is compared with the critical value for the 5Vo statistical

significance level which for N = 80 is 0.9843 [MiniTab Reference Manual]. Factors whose

correlation coeficient lies below this value have less than 5Vo propability of being normally

distributed and so are analysed with the use of non-parametric statistics.

Psvcholoqical Questionnaire Corre lation Coeficient of Factor with its Normal Scores

GHQ 0.908
SAQ ffrait) 0.992

IBQ_GH 0.938
IBQ_DC 0.953
I 0.985

IBQ AI 0.994

IBQ AD 0.994

IBQ D 0.992
IBQ I 0.989
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Table 50.

The means of the General Health Questionnaire (GHQ) scores for the different Diagnostic

Classification categories were compared with use of the Kruskal-Wallis non-parametric one-

way ANOVA. No significant difference was found.

Kruskal-Wallis Test for GHQ
Grouping Variable: Fol Diagnostic Classification

DF

# Groups

# Ties
H

P-Value

H corrected for ties

Tied P-Value

Kruskal-Wallis Rank lnfo for GHQ
Grouping Variable: Followup Diagnostic Classification

Count Sum Ranks Mean Rank

No Symptoms
lnconsequential

Consequential

38 1410.500 37,1 18

28 1285.500 45.911

16 707.000 44.188

Table 5L.

The means of the Speilberger Anxiety Questionnaire; Trait Factor (SAQ) scores for the different

Diagnostic Classifîcation categories were compared with use of parametric one-way ANOVA'

No significant difference was found.

ANOVA Table for SAA (Trait)
DF Sum of uares Mean uare F-Value P-Value

Followup Diagnostic Classification

Residual
Model ll estimate ol between com
4 cases were omitted due to miss

1.727

Means Table for SAQ (Trait)
Effect: Followup Diagnostic Glassification

Count Mean Std. Dev. Std. Err

No Symptoms
lnconsequential
Consequential

4 cases were omitted due to missing ues.

2

J

11

2.450
2937

2.520
.2837

20512 220.725 1 10.363 1.618

75 5115.429 68.206

36 35.083 7.736 1.289

38.750 8.88s 1.67928

14 37.571 8.271 2.211
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Table 52.

The means of the Illness Behaviour Questionnaire: factor "General Hypochondriasis" scores

(IBQ_GH) for the different Diagnostic Classifîcation categories were compared with use of the

Kruskal-V/allis non-parametric one-way ANOVA. A significant difference between categories

was found. Mann-V/hitney U-test was used post-hoc to assess between group differences.

Kruskal-Wallis Test for IBQ-GH
Grouping Variable:

DF

# Groups

# Ties
H

P-Value

H corrected for ties

Tied P-Value

Fol Diagnostic Classification

Kruskal-Wallis Rank lnfo
Count Sum Ranks Mean Rank

No Symptoms

lnconsequential

Consequential
3 cases were omitted due to g values.

Mann-Whitney U applied post-hoc to assess between group differences for IBO-GH

Grouping Variable: Followup Diagnostic Classification

Rank lnformation Comparison 1 Summary Table 1

Count Sum Ranks Mean Rank

No Symptoms

lnconsequential
One case was due to missing

Rank lnformation ComParison 2

Count Sum Ranks Mean Rank

Rank lnformation ComParison 3

Count Sum Ranks Mean Rank

lnconsequential

Consequential
2 cases were to values.

No Symptoms

Consequential
3 cases were o to missing values.

U

U Prime

Z-Yalue
P-Value

Tied Z-Value

Tied P-Value

# Ties

U

U Prime

Z-Value

P-Value

Tied Z-Value

Tied P-Value

# Ties

U

U Prime

Z-Value

P-Value

Tied Z-Value

Tied P-Value

# Ties

Summary Table 2

304.000

732.000
-2.835

0046
-2.986

.0028

5

187.500

330.500
-1.509

1313
-1.632

1027

4

164.500

227.500
-.840

.4006

-.863

.3879

5

Summary Table 3

2

3

5

8.487
.o144
9.347
.0093

32.28437 1 194.500

1365.500 48.76828
42.85714 600.000

27.21637 1007.000

28 1 138.000 40.643

24.06837 890.500
435.500 31 .10714

28 633.500 22.625

19.25014 269.500
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Table 53.

The means of the Illness Behaviour Questionnaire: factor "Disease Conviction" (IBQ-DC)

scores for the different Diagnostic Classification categories were compared with use of the

Kruskat-Wallis non-parametric one-way ANOVA. No significant difference was found.

Kruskal-Wallis Test for IBQ-DC
Grouping Variable:

DF

# Groups
# Ties
H

P-Value

H corrected for ties

Tied P-Value

Fol Diagnostic Classification

Kruskal-Wallis Rank lnfo
Count Sum Ranks Mean Rank

No Symptoms
lnconsequential
Consequential

3 cases were ue to missing values.

Table 54.

The means of the Illness Behaviour Questionnaire: factor "Psychological vs somatic concern"

(IBQ_PvSC) scores for the different Diagnostic Classification categories were compared with

use of parametric one-way ANOVA. A significant difference between categories was found.

Fisher's PLSD post-hoc test was used to assess between group differencès.

ANOVA TAbIE fOr IBQ PVSC
DF Sum of uares Mean F-Value P-Value

Followup Diagnostic Classif ication

Residual
Model ll estimate of between component
3 cases were omitted due to missing values.

Means Table for IBQ-PvSC
Effect: Followup Diagnostic Glassification

Count Mean Std. Dev. Std. Err

No Symptoms
lnconsequential
Consequential

3 cases were to

Fisher's PLSD for IBQ-PvSC
Effect: Followup Diagnostic Classification
Significance Level: 5 %

Mean Ditf. Crit. Diff P-Value

No Symptoms, lnconsequential

No Symptoms, Consequential

I nconsequential, Consequential

2

3

4

2.739
.2542

3.190
.2029

1312.000 35.45937

28 1223.500 43.696

624.500 44.607't4

4.600 01 302 5.041 2.520

54876 41.643

37 2.000 577 095

28 2.357 951 180

633 16914 1.643

.0578-.357 .369
.357 .463 1 283

0042.714 .483

3 cases were omitted due to missing

S
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Table 55.

The means of the Illness Behaviour Questionnaire: factor "Affective inhibition" (IBQ-AI)

scores for the different Diagnostic Classification categories were compared with use of

parametric one-way ANOVA. No significant difference was found.

ANOVA Table for IBO-AI
DF Sum of Mean uare F-Value P-Value

Followup Diagnostic Classif ication

Residual
Model ll estimate of between variance: .016
3 cases were omitted due to missing values.

Means Table for IBQ-AI
Effect: Followup Diagnostic Classification

Count Mean Std. Dev. Std. Err

No Symptoms
lnconsequential

Consequential
3 cases were omitted due to

37 2.486 1.592 .262
28 1.893 1.729 327

14 2.500 1.829 489
ues.

Table 56.

The means of the Illness Behaviour Questionnaire: factor "Affective disturbance" (IBQ-AD)

scores for the different Diagnostic Classification categories were compared with use of

parametric one-way ANOVA. A significant difference between categories was found. Fisher's

PLSD post-hoc test was used to assess between group differences'

ANOVA Table for IBQ AD
DF Sum of Squares Mean uare F-Value P-Value

Followup Diagnostic Classif ication

Residual
Model ll estimate of between component
3 cases were omitted due to missing values.

Means Table for IBQ-AD
Effect: Followup Diagnostic Classif ication

Count Mean Std. Dev. Std. Err

No Symptoms
lnconsequential

Consequential
3 cases were to

Fisher's PLSD for IBQ-AD
Effect: Followup Diagnostic Classification
Significance Level: 5 %

Mean Ditf. Crit. Diff P-Value

No Symptoms, lnconsequential

No Symptoms, Consequential

lnconsequential, Consequential

S

.32583.226 1 .1382 6.452
76 215.422 2.834

03792 1 6.1 50 8.075 3.418
2.36376 179.571

1.000 1.291 .21237

28 1.929 1.720 .325
1.748 46714 1.857

-.929 767 .0183

-.857 .961 .0795
.8875071 1.002

3 cases were omitted due to missing
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Table 57.

The means of the Illness Behaviour Questionnaire: factor "Denial" (IBQ-D) scores for the

different Diagnostic Classification categories were compared with use of parametric one-way

ANOVA. No significant difference was found.

ANOVA Table for IBO-D
DF Sum of Mean uare F-Value P-Value

Followup Diagnostic Classif ication

Residual

Model ll estimate of between componenl a

3 cases were omitted due to missing values.

Means Table for IBO-D
Effect: Followup Diagnostic Glassification

Count Mean Std. Dev. Std. Err

No Symptoms

lnconsequential
Consequential

3 cases were omitted due to ng ues.

Table 58.

The means of the Illness Behaviour Questionnaire: factor "kritability" (IBQ-I) scores for the

different Diagnostic Classification categories were compared with use of parametric one-way

ANOVA. No significant difference was found.

ANOVA Table for IBQ-l
DF Sum of Mean Square F-Value P-Value

Followup Diagnostic Classif ication

Residual
Model ll estimate of between
3 cases were omitted due to

Means Table for IBQ-I
Effect: Followup Diagnostic Classification

Count Mean Std. Dev. Std. Err

No Symptoms
lnconsequential
Consequential

3 cases were to values

component variance: .021
missing values.

.269 .210 .81 142 537

1.28276 97.437

17537 3.O27 1.067

3.179 1.219 23028
30014 3.214 1j22

.25751,909 1.3812 3.819

76 105.068 1.382

37 .892 1.265 .208
28 1.000 1.122 .212

1.500 1 .0'19 27214
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