musculoskeletal
disorders

European Agency for
Safety and Health at
Work



European

Agency for Safety and Health

Work-related neck

and upper limb

nmuscul oskel et al

di sorders

Report prepared by

Professor Peter Buckle and Dr. Jason Devereux
The Robens Centre for Health Ergonomics
European Institute of Health & Medical Sciences
University of Surrey
Guildford, Surrey, U.K
GU2 5XH

European Ageney for
Safety and Healthat
Viork.

at

Work




A great deal of additional information on the European Union is available on the Internet.
It can be accessed through the Europa server (http://europa.eu.int).

Cataloguing data can be found at the end of this publication.
Luxembourg: Office for Official Publications of the European Communities, 1999
ISBN 92-828-8174-1

© European Agency for Safety and Health at Work, 1999
Reproduction is authorised provided the source is acknowledged.

Printed in Belgium



European Agency for

FOREWORD

Following a request from the European
Commission (DGV) and the approval by
the Administrative Board, the European
Agency for Safety and Health at Work
launched in May 1998 a research informa-
tion project on "Work-related Upper Limb
Disorders (WRULD)" in order to collect rel-
evant research results and to describe and
assess these findings. The scope of the
study included the size of the problem
within Member States of the European
Union, the epidemiological evidence for
causation by work, the pathological basis
for work causation and intervention stud-
ies demonstrating the effectiveness of
work system changes.

The European Agency invited the Robens
Centre for Health Ergonomics, University
of Surrey, U.K. to facilitate this work. This
report on "Work-related Neck and Upper
Limb Musculoskeletal Disorders" has been

Safety and
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prepared by Professor Peter Buckle and Dr.
Jason Devereux.

A special consultation process was carried
out in the summer of 1999 by sending the
manuscript to the members of the
Thematic Network Group on Research -
Work and Health, to DGV, to the
European social partners and to other
experts on the topic. After the consulta-
tion process the final report was prepared
and published.

The European Agency wishes to thank the
authors for their comprehensive work and
all those individuals involved in the review
process. We especially thank the partici-
pants who attended the expert meeting in
Amsterdam during October 1998 who
provided the foundation of the contents
within the report.

Bilbao, 31 August 1999

European Agency for Safety and Health at
Work
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WORK-RELATED NECK AND

UPPER LIMB

MUSCULOSKELETAL

DISORDERS - SUMMARY

Introduction

The European Commission (Directorate-
General V) has requested the assistance of
the European Agency for Safety and
Health at Work to conduct a review of the
available scientific knowledge regarding
risk factors for work-related neck and
upper limb musculoskeletal disorders
(WRULDs). The European Agency invited
Professor Peter Buckle and Dr. Jason
Devereux of the Robens Centre for Health
Ergonomics, University of Surrey, U.K. to
facilitate this study and to prepare a
report.

The report has drawn together knowledge
from an extensive set of sources. These
include the contemporary scientific litera-
ture, the views of an expert international
scientific panel, current practice, employer
and employee representatives and a num-

Safety and
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ber of official authorities from member
states. The report is not a comprehensive
review of all original research sources, but
rather utilises authoritative reviews of such
sources, where appropriate. Emphasis has
been placed on those reviews that were
agreed to be acceptable to the expert
panel of scientists.

Assessment of work-related neck and
upper limb musculoskeletal disorders
(WRULDs)

There is little evidence of standardised cri-
teria for use in the assessment of WRULDs
across European Union (EU) member
states. This is reflected in the nationally
reported data as well as the research liter-
ature. Those studies that have reached
consensus criteria for WRULDs assess-
ments should be disseminated widely for
further consultation, with a view to stan-
dardisation. However, it should be noted
that the assessment criteria for primary
preventative use in workplace surveillance
and occupational health are different from
the criteria used for some clinical interven-
tions.

Size of the WRULDs problem

There is substantial evidence within the EU
member states that neck and upper limb
musculoskeletal disorders are a significant
problem with respect to ill health and
associated costs within the workplace. It
is likely that the size of the problem will
increase because workers are becoming
more exposed to workplace risk factors for
these disorders within the European
Union.
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Estimates of the cost of the WRULDs prob-
lem are limited. Where data do exist (e.g.
the Nordic countries and the Netherlands)
the cost has been estimated at between
0.5% and 2% of Gross National Product.

The lack of standardised assessment crite-
ria for WRULDs makes comparison of data
between member states difficult. In addi-
tion, little is known of the validity of the
reported data. The true extent of ill health
and associated costs within the workplace
across member states is, therefore, diffi-
cult to assess. Despite this, studies that
have used a similar design have reported
large differences in prevalence rates
between member states. The reasons for
these differences require further investiga-
tion.

A number of epidemiological studies have
found that women are at higher risk for
work-related neck and upper limb muscu-
loskeletal disorders, although associations
with workplace risk factors are generally
found to be stronger than gender factors.
The importance of gender differences,
and their implication for work system
design, is largely outside the scope of this
report but requires more substantial
debate.

Biological mechanisms

Understanding of the biological mecha-
nisms of WRULDs varies greatly with
regard to the specific disorder in question.
For carpal tunnel syndrome, for example,
the body of knowledge is impressive,
bringing together biomechanics, mathe-
matical modelling and direct measure-
ment of physiological and soft tissue

n8
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changes. A coherent argument is provid-
ed from these sources that is persuasive of
the biomechanically induced pathology of
such disorders. For those disorders where
the knowledge base is smaller, plausible
hypotheses do exist and are currently the
subject of much research interest.

Work-relatedness of WRULDS

The scientific reports, using defined crite-
ria for causality, established a strong posi-
tive relationship between the occurrence
of some WRULDs and the performance of
work, especially where workers were
highly exposed to workplace risk factors.
Thus, the identification of workers in the
extreme exposure categories should
become a priority for any preventative
strategy.

Consistently reported risk factors requiring
consideration in the workplace are postur-
al (notably relating to the shoulder and
wrist), force applications at the hand,
hand-arm exposure to vibration, direct
mechanical pressure on body tissues,
effects of a cold work environment, work
organisation and worker perceptions of
the work organisation (psychosocial work
factors). The limited understanding of
interactions between these variables
means that the relationships describing
the level of risk for varying amounts of
exposure to risk factors in the workplace
(i.e. exposure-response relationships) are
difficult to deduce. However, those work-
ers at high risk can be identified using cur-
rent knowledge.
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Scope for prevention

The report has not identified a specific
form of action, however, it has provided a
basis on which action could be formulat-
ed. The recommendations made are con-
sistent with European directives on health
and safety issues. The importance of a
health and risk surveillance programme
has been emphasised, and is supported by
both existing European Union directives
and a number of internationally recog-
nised professional commissions and asso-
ciations.

Many organisations have sought to imple-
ment ergonomic programmes and inter-
ventions aimed at primary prevention of
WRULDs.  This would suggest that they
already believe in the effectiveness of
ergonomic and occupational health strate-
gies aimed at preventing the development
of this group of disorders. They should be
encouraged to help promote any further
action. Organisations involved in preven-
tion programmes are important role mod-
els for others. There is limited but persua-
sive evidence on the effectiveness of work
system interventions incorporating
ergonomics although the ability of organ-
isations to implement the available
ergonomics advice requires further consid-
eration.

Appropriate ergonomics intervention
on workplace risk factors for any sin-
gle specific disorder is likely to help
prevent other disorders. For example,
reducing the exposure to hand-arm
vibration will not only reduce the like-
lihood of the development of
Raynaud's disease, but may also

Safety and

Health at Work

reduce the need for high force exer-
tion at the hand and, thus, reduce the
risk for hand/wrist tendinitis. Such
benefits arise because of the common
biological pathways involved in some
of the disorders.

Scientists with experience of policy setting
affirmed their belief that it was prudent to
consider fatigue as a potential precursor
to some of the disorders. Its use in sur-
veillance programmes was also suggested.
The role of fatigue is evident in some exist-
ing European health and safety directives
and standards.

The report has considered the ability of
those at the workplace (e.g. practitioners,
worker representatives) to make risk
assessments.  Advice as to how such
assessments could be made, given such
restrictions, has been provided. The
agreement of valid, standardised methods
for the evaluation of working conditions
and assessment of risk factors is required.
The ergonomics work system approach
must take due regard of the work risk fac-
tors identified in this report and a three
level model of risk assessment has been
proposed.

The report concludes that existing scientif-
ic knowledge could be used in the devel-
opment of preventative strategies for
WRULDs. These will be acceptable to
many of those interested in prevention
and are practical for implementation.

9n
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INTRODUCTION

This report has addressed the following
questions:

What is the extent of work-related neck
upper limb musculoskeletal disorders
within European member states?

What is the epidemiological evidence
regarding work risk factors?

Is their coherent supporting evidence from
the literature on underlying mechanisms

and physical changes to the neck and
upper limbs?

Does intervention in the workplace reduce
the risks of work-related neck and upper
limb musculoskeletal disorders?

What strategies are available to prevent
work-related neck and upper limb muscu-
loskeletal disorders?

It is important to recognise that this review
was not intended to cover individual and
other non-work factors and their relation-
ship with neck and upper limb muscu-
loskeletal disorders. It was not also intend-
ed to consider the role of clinical manage-
ment, rehabilitation or return to work.
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C
APPROACHES USED TO

PREPARE THE REPORT

This information has been collected from
an expert meeting, literature review and
consultation with further experts and
interested parties.

Feedback has been sort on the initial draft
of this report from approximately 40 indi-
vidual experts, research groups and other
organisations  (available from the
European Agency for Safety and Health at
Work). Of the 20 responses, all but one
has been wholly supportive of the general
findings of the report. The exception
requested an enlarged scope for the pre-
ventative measures in order to consider
wider social systems interventions. The
respondent's comments have, where fea-
sible, been addressed in this final report.

1.1.1 Expert Meeting

The meeting of experts (see appendix 1
for membership of the panel) was held in

n12
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Amsterdam, The Netherlands 7-11th
October 1998. The aims of this meeting
were to consider firstly whether there was
agreement on the type and nature of neck
and upper limb musculoskeletal disorders
to be considered. Secondly, to review the
data on the extent of neck and upper limb
musculoskeletal disorders in the he work-
place. Thirdly, whether there was suffi-
cient evidence that these disorders are
work related (considering both the epi-
demiological and pathogenic evidence).
Fourthly, whether there was evidence that
workplace interventions would reduce the
risks associated with these disorders.
Fifthly, to consider the optimal ergonomic
approaches to prevention and finally
whether further research studies were
required. Each of these areas was con-
sidered during the four days in committee.

1.1.2 The Literature Search

The literature review has included

obtained from the following sources:

I Scientific peer reviewed journals

I Conference proceedings

I Abstracts

I Recent textbooks

I Internally reviewed government or reg-
ulatory body reports

I CD ROM and online commercial and
regulatory agency databases

I Bibliographies of recent and relevant
articles

I Non-english literature articles consid-
ered relevant and translated into
English

I Publisher on-line table of contents serv-
ices for the latest research articles

I Reports not yet submitted or papers in
press to scientific peer reviewed jour-
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nals and provided by individual
researchers.

The literature search has focused upon the

following areas:

I Prevalence of disorders

I Epidemiology of disorders

I Mechanisms of disorders

I Intervention case studies and clinical
case studies

The search terms have been included in
the appendix 3.

Note: Although not included here, a full
bibliography of sources is available.

1.1.3 Consultation and Liaison

Consultation and liaison with a number of
established authorities or centres has also
taken place (see appendix 2 for details). It
is recognised that the opportunities and
resources available for this process have
been limited. It is hoped that wider con-
sultation and more extensive views will be
gathered following final publication of the
report.

and

Health

at

Work
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THE NATURE OF

THE DISORDERS

The scientific committee for musculoskele-
tal disorders of the International
Commission on Occupational Health
(ICOH) recognise work-related muscu-
loskeletal disorders which describe a wide
range of inflammatory and degenerative
diseases and disorders that result in pain
and functional impairment (Kiloom et al.,
1996).

Such conditions of pain and functional
impairment may affect, besides others,

the neck, shoulders, elbows, forearms,
wrists and hands.  The conditions for
these regions are collectively referred to as
the neck and upper limb musculoskeletal
disorders (ULDs).

According to the World Health
Organisation, work-related musculoskele-
tal disorders arise when exposed to work
activities and work conditions that signifi-
cantly contribute to their development or
exacerbation but not acting as the sole
determinant of causation (World Health
Organization, 1985).

To give some indication of the specific
conditions of neck and upper limb muscu-
loskeletal disorders identified within the
literature, Hagberg et al., (1995) have clas-
sified them according to whether a disor-
der is related to the tendon, nerve, mus-
cle, circulation, joint or bursa. The disor-
ders under each type are listed in table 1.
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i
HOW ARE THE DISORDERS

MEASURED?

Clinical diagnostic criteria for health sur-
veillance of these conditions across Europe
are not yet available.  Clinicians and
researchers have relied upon different

[imb musculoskeletal disorders

bodies of knowledge to justify the criteria
used. However, general diagnostic criteria
for work-related neck and upper limb dis-
orders have been developed within indi-
vidual member states, for example:

I UK = (Harrington et al., (1998), Cooper
and Baker (1996))

I The Netherlands (Sluiter et al., (1998))
I Finland (Waris et al., (1979))

I Sweden (Ohlsson et al., (1994))

I Italy (Menoni et al., (1998))

The evaluation systems in each member
state include a category for musculoskele-
tal conditions that are non-specific (i.e.
where a specific diagnosis or pathology
cannot be determined by physical exami-
nation but pain and/or discomfort is
reported.) According to data sources in
the U.K. approximately 50% of the cases
that present with upper limb pain are clas-
sified as a non-specific upper limb condi-
tions (Cooper and Baker, 1996).

n16
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Consultation with the expert panel has led
to a detailed consideration of the need for
specific and sensitive diagnostic criteria.
Whilst the desirability of specific diagnos-
tic criteria are recognised, the expert panel
suggested that, in general, the prevention
strategies recommended or put into prac-
tice to avoid the risks of these disorders
would not be dependent upon the diag-
nostic classification. It was also thought
important that musculoskeletal disor-
ders without a specific diagnosis or
pathology be considered in health
monitoring and surveillance systems.

This conclusion is supported by a recent
epidemiological study (Burdorf et al.,

Safety and
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1998). The experience of symptoms of
musculoskeletal disorders in the neck,
shoulder and upper limbs has been shown
to increase the risk of worker absence
(recorded by the company) by approxi-
mately 2-4 times compared to workers not
experiencing symptoms in a 2 year follow-
up study.

The relationships between symptoms,
injury reporting, impairment and disability
remain unclear. A greater understanding
of these relationships, along with the clin-
ical natural history of these disorders
would be beneficial (National Research
Council, 1999).

17n
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i
HOW MANY EXPERIENCE

THESE DISORDERS

IN THE EU?

The prevalence rates of clinically verifiable
neck and upper limb disorders using stan-
dardised diagnostic procedures across
European member states are not currently
available. However, surveys and injury
reports to occupational health agencies
have been used to estimate the size of the
problem within Europe.

Evidence of the size of the problem can be
derived from self-reports of musculoskele-
tal conditions across the European mem-
ber states. Table 2 shows that the preva-
lence of self-reported symptoms of mus-
culoskeletal disorders varies substantially
between countries. Although such data
are useful, the prevalence of self-reported
symptoms may be under or overestimated
in surveys because of methodological dif-
ficulties.

limb musculoskeletal disorders

A programme in the Netherlands entitled
"SAFE" commissioned a survey to collect
information concerning the prevalence of
work-related neck and upper limb disor-
ders. In a study population of 10,813
employees in 1998, 30.5% had experi-
enced self-reported neck and upper limbs
in the previous 12 months (Blatter and
Bongers, 1999). The study group was
chosen to be representative of the
Netherlands distribution of industrial sec-
tors, company sizes and regions. However,
a survey by the Central Bureau for
Statistics in the Netherlands estimated
that the prevalence of work-related com-
plaints in the neck, shoulder, arm or wrists
within the previous year in Dutch industry
was approximately 19% in 1997 (Otten et
al., 1998).

Despite such differences, the approximate
size of the problem can be appreciated by
surveys, and each consistently shows that
a substantial proportion of workers in the
European Union experience work-related
musculoskeletal conditions that affect the
neck and upper limbs.

Further information is available in some
member states('), although definitions of
both exposures and health outcomes are
not standardised. This position has been
recognised in a survey conducted by the
European Trade Union Technical Bureau
for Health and Safety (TUTB) in Brussels,
Belgium (Tozzi, 1999). This showed that
the information collected on muscu-
loskeletal disorders by each EU member
state was different in both definition and
method of reporting. For these reasons it

(') For example, the Spanish National Work Conditions Survey 1997, as supplied by the Instituto Nacional de

Seguridad e Higiene en el Trabajo.
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is not often possible to compare outcomes
from different countries.

One study that has used a common
approach is the Second European Survey
on Working Conditions (Paoli, 1997).
Figure 1 shows the percentage prevalence
obtained for each member state. The size
of the problem using this outcome meas-
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ure varies across each member state.
However, in most the proportion of
respondents reporting muscular pains in
the arms and legs is considerable.

Some literature reflects the use of the
International Classification of Disease-9th
Revision (ICD-9). The accuracy of ICD-9 for
identifying soft tissue disorders of the
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neck and upper limbs has been studied
(Buchbinder et al., 1996). Results show
that the accuracy of ICD-9 is poor when
compared to data taken from medical
records.

Pilot data on recognised cases (classified
according to the European Schedule of
Occupational Diseases and collected by
Eurostat) do not yet provide reliable esti-
mates of the size of the problem. Different
insurance systems and lists of prescribed
diseases in the member states makes an
accurate assessment of the size of the
problem very unlikely.

Nevertheless, the data are available to
enable suitable estimates on the
nature, characteristics and trends of
neck and upper limb musculoskeletal
disorders to be made.

This view (TUTB, 1998) is also held by the
European Trade Union Technical Bureau
for Health and Safety (TUTB) and the
European Trade Union Confederation
(ETUC).

[imb musculoskeletal disorders

Some European member states have data
from cases reported to national insurance
and occupational health boards. In
Sweden, for example, occupational
injuries are reported to the National Board
of Occupational Safety and Health.
Diagnoses obtained in 1995 for work-
related diseases of muscles, skeleton and
other soft tissues for employed and self-
employed workers totalled =9 398. Of
these, 217 cases of rotator cuff tendonitis,
538 cases of epicondylitis, 215 cases of
pain in the neck and 133 cases of pain in
the neck and shoulders were identified
(Broberg, 1997). Between 1990 and 1992
disorders of the musculoskeletal system
(which include the lower limbs, back,
neck, shoulders and upper limbs) repre-
sented at least 70% of all reports in
Sweden. The prevalences of reported
musculoskeletal disorders in Denmark and
Finland were the largest of all reported
occupational injuries (36% and 39%
respectively). In Norway, musculoskeletal
disorders constituted 15% of all reported
occupational injuries (Broberg, 1996).

n20
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Table 3 shows of the size of the problem
within the Nordic countries. The design of
the workers’ compensation systems in dif-
ferent countries probably influences the
reporting behaviour and thereby the mag-
nitude of the problems. There are also
factors such as under/over-reporting and
misclassification of reported diagnoses
that affect comparisons between member
states.

A significant proportion of all reported
musculoskeletal diagnoses were consid-
ered to be associated with ergonomic
work risk factors — Norway 15%,
Denmark and Finland 40% and Sweden
70% (Broberg, 1996).

In Italy, musculoskeletal disorders, other
than vibration white finger, have only
been compensated in the last 2-3 years.
According to the management of the
National Institute for Insurance of Injuries
and Occupational Diseases, the claims for
musculoskeletal disorders have been
increasing strongly in this period.
Musculoskeletal disorders from biome-
chanical overload increased from 873
reports in 1996 to 2000 in 1999.

In 1998, 60% of claims for musculoskele-
tal disorders in the upper limbs were
recognised as occupational diseases and
so resulted in compensation. More than
60% of the conditions were carpal tunnel
syndrome and the remainder was tendini-
tis and tenosynovitis of the hand and
wrist, and epicondylitis of the elbow(?).

These musculoskeletal conditions are not
included in the official list of occupational

Safety and
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diseases in Italy but, following a high court
ruling in 1979, it is possible to compen-
sate workers if it can be demonstrated
that a clear exposure-response relation-
ship for a specific disorder exists (Bovenzi,
1999).

Between 1988-1998 in lItaly, there were
5360 cases compensated for vibration-
induced disorders of the upper limbs with
a maximum number of cases (n=863) in
1991 and a minimum in 1998 (n=169). In
the same decade, vibration-induced disor-
ders as a percentage of all compensated
occupational diseases ranged between
3.9% and 5% per year. The percentage
of compensated cases for vibration-
induced disorders of the upper limbs
tends to remain stable. There is a general
tendency towards a comparable reduction
in the number of compensated cases for
vibration-induced disorders and the total
number of compensated occupational dis-
eases.

According to the Institut National de
Recherche et de Sécurité (INRS) in France,
the percentage of recognised and com-
pensated musculoskeletal disorders com-
pared to the total number of occupational
ill health diseases has steadily increased
from 40% (n=2,602) in 1992 to 63%
(n=5,856) in 1996.

In Great Britain, a labour force survey con-
ducted by the Health and Safety Executive
estimated that 506 000 workers experi-
enced a self-reported condition that
affected the neck or upper limbs in 1995.
The types of disorders reported included

() Data kindly provided by Dr. Bovenzi, University of Trieste, Italy and Prof. Grieco, University of Milan, Italy.
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carpal tunnel syndrome, frozen shoulder,
tenosynovitis, tennis or golfer’s elbow and
RSI. Limitation of movement was report-
ed by 86% of the survey respondents
(Jones et al.,, 1998). As a result of the
number of workers experiencing these
conditions, approximately 5.5 million
working days were lost annually due to
musculoskeletal disorders of the neck and
the upper limbs and, in addition, 110 000
working days were lost annually due to
vibration white finger, according to the
survey (Jones et al., 1998). The number of
days lost annually for neck and upper limb
musculoskeletal disorders was equivalent
to the number for back disorders.

Extrapolation
from a survey of
general practi-
tioners in Britain
suggests that 20
000 cases of
work-related
carpal  tunnel
syndrome occur
per year. This
disorder  was
either caused or
exacerbated by
work or inter-
fered with the
ability to work. This represents approxi-
mately half of the number of cases with
carpal tunnel syndrome seen by those
doctors that responded to the survey
(Health and Safety Commission, 1995).

In Great Britain, data are collected on the
number of assessed cases of disablement
for a range of upper limb musculoskeletal
disorders that result in benefit paid (severe

n22
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disablement) or unpaid. The assessed
conditions include beat hand, beat elbow,
tenosynovitis, vibration white finger and
carpal tunnel syndrome. The data indicate
that the number of claims resulting in
benefit compared to the total number of
assessed claims has risen from 1.7% in
1990 to 22.5% (n=949) in 1996/97.

Therefore, the number of claims that have
resulted in disablement benefits has
increased while the number of claims for
upper limb musculoskeletal disorders
resulting in no benefits has decreased
(Health and Safety Commission, 1998). Of
all the prescribed industrial disease claims
(that included physical, biological and
chemical agents)
in 1996/7 that
resulted in bene-
fits, approxi-
mately 62%
were due to
upper limb mus-
culoskeletal dis-
orders. The total
number of
claims assessed
for upper limb
musculoskeletal
disorders  was
4220. In com-
parison, the total number of claims
assessed for occupational deafness was
413 (approximately 1/10th of the 4220
cases of ULDs). The perception in the U.K,
however, is that there is a much higher
increase in work-related upper limb disor-
ders that are presented to medical experts
and dealt with through the legal system
and which are not prescribed industrial
diseases (Helliwell, 1996).
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THE COST OF THE PROBLEMS

Not every European member state collects
information on the costs of neck and
upper limb musculoskeletal disorders.
Toomingas (1998)() estimated that about
20-25% of all expenditure for medical
care, sick leave and sickness pensions in
the Nordic countries in 1991 was related
to conditions of the musculoskeletal sys-
tem, of which 20-80% were work related.

Half of these conditions were attributed to
neck and upper limb musculoskeletal dis-
orders and, in Sweden, these problems
constituted 15% of all sick-leave days and
18% of all sickness pensions in 1994
(Statistics Sweden, 1997).

Estimates by Toomingas (1998) have
shown that the total expenditure for neck
and upper limb musculoskeletal disorders

Safety and
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was approximately 0.5-2% of the gross
national products in the Nordic countries
(Data from Morch, 1996; Hansen and
Jensen, 1993))

In Britain, the Health and Safety Executive
(HSE) estimated that work-related upper
limb disorders incurred approximate costs
of £1.25 billion per year (Davies and
Teasdale, 1994).

The direct costs from compensation of
musculoskeletal disorders are appreciated
far more than the indirect costs associated
with disruptions in productivity and quali-
ty, worker replacement costs, training and
work absence costs. It is believed that the
direct costs due to compensated work
related musculoskeletal disorders are only
a relatively low proportion (30-50%) of
the total costs (Hagberg et al., 1995).
Borghouts et al. (1999) have estimated
that the direct costs of neck pain in the
Netherlands for 1996 were $160 million
dollars and the indirect costs were $527
million. The total cost of neck pain repre-
sented 0.1% of the gross domestic prod-
uct in 1996.

There is substantial evidence to sug-
gest that neck and upper limb muscu-
loskeletal disorders are a significant
problem within the European Union.
Some member states have identified a
major ill-health and financial burden
associated with these problems.

(%) Estimate based on "Working environment and national economies in the Nordic Countries" by the Nordic Council
of Ministers (Report No. 556, 1993 by Hansen,M. and Jensen,P)
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2.3.1 Research Priorities

Survey results from the Netherlands and
the U.K. have identified a priority need for
research in the topic of work-related
upper limb musculoskeletal disorders.

The research priority needs in the
Netherlands were assessed by surveying
the occupational health and safety servic-
es, scientific research institutions, govern-
ment and companies (Van der Beek et al.,
1997). It was collectively decided that
preventive measures and control solutions
were the highest priority area in order to
improve work conditions.

Two surveys conducted in the U.K. by the
Institute  of  Occupational  Health
(University of Birmingham) provided infor-
mation regarding the priorities in research
according to occupational physicians and
personnel managers (Harrington, 1994;
Harrington and Calvert, 1996). Both
occupational groups acknowledged back,
neck and upper limb musculoskeletal dis-
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orders as an outcome that needed priority
research but personnel managers consid-
ered practical strategies more important
than risk factor identification, which was
the reverse view of the physicians.

Trade union initiatives in EU member
states have shown increasing employer
awareness regarding musculoskeletal dis-
orders. A need to increase this awareness
has been identified according to surveys
conducted by trade unions in France,
Spain, the United Kingdom and Denmark
(TUTB, 1996).

This review suggests that neck and
upper limb musculoskeletal disorders
are increasingly recognised as a signif-
icant occupational health problem by
occupational doctors, employers, aca-
demia, trade unions and governments.
There are data that support the need
to address these disorders within the
European Union.
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SCIENTIFIC BASIS FOR

PREVENTION

Ergonomic interventions may reduce the
occurrence by approximately 30-40%
(Hansen and Jensen, 1993). This is based
upon the number of musculoskeletal dis-
orders cases considered to be work relat-
ed in the Nordic countries. For occupa-
tions that are highly exposed to work risk
factors for musculoskeletal problems the
proportion may be as high as 50-90%
(Hagberg and Wegman, 1987).

The expert panel suggested that one
preventative strategy might com-
mence by identifying groups that are
highly exposed to risk factors for neck
and upper limb musculoskeletal disor-
ders. They considered that the great-
est benefits, relative to the resources
required, might be realised by reduc-
ing the risks in these groups.

Safety and

Health at Work

2.4.1 Industries at risk

Data from the 2nd European Survey on
Working Conditions (Paoli, 1997) identi-
fied the industries (across the European
member states) where 40% or more of
the workers were exposed to three or
more of the following risk factors for at
least 25% of the working time:

I Working in painful positions

I Moving heavy loads

I Short repetitive tasks

I Repetitive movements

The industries where the greatest expo-
sures were identified included:

I Agriculture, forestry and fisheries

I Mining, manufacturing

I Construction

I Wholesale, retail and repairs

I Hotels and restaurants

High exposures were also found in other
industries.

The occupational groups with the greatest
exposures were agriculture and fishery
workers, craft and retail trade workers,
plant and machine operators and workers
in elementary occupations.

The industries with the least exposure to
these risk factors included:

I Transport and communication

I Financial and intermediation

I Real estate and business activity

I Public administration

In the Netherlands (Blatter and Bongers,
1999), some of the highest annual preva-
lence rates of work related neck and
upper limb symptoms have been found in
the industries that are the most highly
exposed to the risk factors for neck and
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upper limb musculoskeletal disorders and
include:

I Hotel, restaurant and catering (40%)

I Construction (38%)

I Production (33%)

2.4.2 Occupations at Risk

Tailors (47 %), building construction work-
ers (43%), loaders/unloaders (42%), sec-
retaries and typists (38%) were some of
the occupations with the highest annual
prevalences of symptoms. This compared
to the lowest prevalence found for com-
mercial occupations (21%). These data
came from a study in the Netherlands of
10,813 employees and used self-reported
work-related neck and upper limb symp-
toms (Blatter and Bongers, 1999).

The Second European Survey (Paoli, 1997)
found that the occupational groups with
the least exposures were legislators and
managers, professionals, technicians and
clerks. It is important to note that indus-
trial sector or occupational classifications
may be misleading when identifying areas
requiring priority action. This is because a
job title may consist of a wide range of job
tasks associated with risks, and the dura-
tion and distribution of these tasks may
vary considerably between each worker
(Kauppinen, 1994). It has been shown
that these data can be used to form broad
categories of jobs with similar exposure to
work demands (de Zwart et al., 1997).
These may provide informative patterns of
work related disorders. Therefore, it is
important to assess each job that is per-
formed rather than rely on crude esti-
mates of risk for industrial sectors or occu-
pational groups.
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Not only are many workers in the
European Union highly exposed to work
risk factors for neck and upper limb mus-
culoskeletal disorders but the magnitude
of the exposure seems to be increasing,
according to research by the European
Foundation for the Improvement of Living
and Working Conditions, Dublin, Ireland
(Dhondt and Houtman, 1997).

In the four years between the first and
second European Surveys on Working
Conditions in Europe, the percentage of
workers exposed for greater than 50% of
the working time increased for the follow-
ing:

I Working in painful postures

I Handling heavy loads

I Working at high speed

I Working with deadlines

It would seem, therefore, that there is
considerable potential for reducing
the exposure to work related risk fac-
tors of neck and upper limb muscu-
loskeletal disorders.

2.4.3 Gender as a risk factor

A number of epidemiological studies have
found that women are at higher risk for
work related neck and upper limb disor-
ders (e.g. Hagberg and Wegman, 1987),
whilst other studies report no such differ-
ences (e.q. Silverstein, 1985).
Comparisons between work and gender
factors frequently find stronger associa-
tions with workplace risk factors (Burt,
1998). Other factors thought to be impor-
tant in understanding the observed gen-
der differences are that females are often
employed in more hand intensive tasks
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and that anthropometric differences (e.g.
body size, strength) might disadvantage
the female worker in work systems where
no consideration has been taken of such
differences (Nordander et al., 1999). This
might apply, in particular, to tool design

(Pheasant, 1991, 1996) and work surface
heights. The importance of gender differ-
ences is largely outside the scope of this
report but requires more substantial
debate.
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i
SUMMARY - THE NATURE

OF THE DISORDERS

There is substantial evidence within the
EU member states that neck and upper
limb musculoskeletal disorders are a sig-
nificant problem with respect to ill health
and associated costs within the work-
place.

There are few estimates of the cost of
these problems. Where data do exist (e.g.
Nordic countries) the cost has been esti-
mated at between 0.5% and 2% of GNP.
It is likely that the size of the problem will
increase as exposure to work-related risk
factors for these conditions is increasing
within the European Union.

A number of member states (e.g. Sweden,
Great Britain) have studied representative
samples of the workforce with regard to
the site of musculoskeletal disorders.
Results have shown that problems for the
neck and upper limb are second in impor-
tance only to back disorders, as judged
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through self-reported symptom preva-
lence.

There is little evidence of the use of stan-
dardised criteria across member states.
This is reflected in the nationally reported
data as well as the research literature and
makes comparison between member
states difficult. Studies that have reached
consensus diagnostic criteria should be
disseminated widely for further consulta-
tion, with a view to standardisation. This
report recognises that the criteria for pri-
mary preventative use in workplace sur-
veillance and occupational health will be
different from the criteria used for some
clinical interventions.

Those studies that have used the same
methodological criteria have reported
large differences in prevalence rates
between member states. The reasons for
this require further investigation.

A number of epidemiological studies have
found that women are at higher risk for
work related neck and upper limb disor-
ders, although associations with work-
place risk factors are generally found to be
stronger than gender factors. The impor-
tance of gender differences, and their
implication for work system design, is
largely outside the scope of this report but
requires more substantial debate.
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_
MODELS FOR THE

PATHOGENESIS OF THE

DISORDERS

Researchers from Denmark, Finland,
Sweden, England and the United States
developed a conceptual model to promote
the understanding of the possible path-
ways that could lead to the development
of neck and upper limb musculoskeletal
disorders
(Armstrong et
al., 1993).

This model,
shown in figure
2, describes four
sets of interact-
ing concepts -
exposure, dose,
capacity and
response.
Worker activity
produces internal
forces acting
upon the tissues
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of the body over time (termed a dose).
The dose causes effects such as increased
circulation, local muscle fatigue and other
various physiological and biomechanical
effects i.e. there is a response by the body
initiated by internal stimuli, which them-
selves arise from external factors. The
response of the body may increase or
decrease the ability to maintain or improve
the capacity to cope with further respons-
es.

Over time, a reduced capacity may affect
the dose and the subsequent response. To
clarify, if there if insufficient time to allow
the capacity of the tissues to regenerate
then a further series of responses is likely
to further degenerate the available capac-
ity. This may continue until some type of
structural tissue deformation occurs that
may be experienced, for example, as pain,
swelling or limited movement.

Whilst this model is useful for explaining
the cumulative nature of neck and upper
limb musculoskeletal disorders, it was
recognised by
the experts that
there are alter-
native pathways
not considered
in this model.
Other models
(Van der Beek
and Frings-
Dresen, 1998;
Winkel and
Mathiassen,
1994) suggest
that a pathway
between work
capacity  and
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the work activity may exist, such that a
reduction in capacity may result in a
reduction in the amount of work per-
formed. This reduction in work activity
may be sufficient to allow worker capacity
to increase.

The concept of exposure in figure 2 can be
expanded to include the model proposed
by Dutch researchers (Van der Beek and
Frings-Dresen, 1998).
Figure 3, therefore,
shows the exposure or
work  requirements
operationalised as the
working situation, the
actual working
method, and posture,
movements and exert-
ed forces.

The working situation
is characterised by
work demands and
job decision latitude.
The latter is defined as
the extent of autono-
my and opportunities
for  workers to
improve (or to make
worse) the working situation by altering
the work demands. The working situation
is, therefore, characterised by the organi-
sation of work (work organisation factors)
and the perceptions held by workers
regarding the way the work is organised
(psychosocial work factors).

The working situation constructs the way
a worker performs the work activity. This
can be affected by individual characteris-
tics such as anthropometry, physical fit-

Safety and
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ness, age, gender, and previous medical
history.

The method that an individual worker
adopts will affect the level, duration and
frequency of exposure to work postures,
executed movements and the forces exert-
ed. This will affect the internal factors
previously discussed (see figure 2.)

The model shown in
figure 4 (National
Research Council,
1999) provides addi-
tional concepts for
those factors that lie
external to the indi-
vidual (i.e. those that
comprise exposure in
the Armstrong et al.
(1993) model). Whilst
not all of these factors
are considered within
this report, it was
considered appropri-
ate to provide a
broader view that
showed the potential
importance of factors
such as non-work
activities and individual factors. Work
organisation, production rates and the
time taken to perform a work task affect
the frequency and duration of force exer-
tions. In some instances, the time taken
for a process change can determine soft
tissue recovery times. The postures adopt-
ed in the workplace are affected by the
design of work equipment, the location of
objects, the size and shape of handles and
the orientation of objects.
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In conclusion, the three models show con-
siderable agreement. They serve as a use-
ful basis for exploring research hypothe-
ses. They also provide a framework for
understanding both the pathogenesis and
the relationship of these disorders with
work.
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BIOLOGICAL RESPONSES

AND PATHOLOGY

The 1999 National Research Council
review provides a contemporary and
authoritative overview of the response of
soft tissue to physical stressors encoun-
tered during work system practices
(National Research Council, 1999). It has
highlighted the importance of considering
the biological responses of tissues to bio-
mechanical stressors. The expert panel
involved in this report did not feel that
there was one single common pathway
for all exposures although the importance
of the biomechanical pathway was recog-
nised.

[t has been shown that activities at work,
daily living and recreation may often pro-
duce biomechanical loads upon the body
that approach the limits of the mechanical
properties of soft tissues. Up to certain
limits some types of soft tissue, like mus-
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cle, adapt to repetitive loading while other
tissue such as nerves are less adaptable.

The expert panel was of the opinion that
the biomechanical stressors needed to be
considered in conjunction with individual
factors, the concept of internal loads and
responses to internal loads (see Armstrong
et al., 1993) and non-biomechanical fac-
tors (e.g. work organisational, social and
other psychological factors).

All soft tissues including muscles, tendons,
fascia, synovia and the nerve will fail when
sufficient force is applied (National
Research Council, 1999). Ethical issues in
experimental research prevent many such
studies from having been performed with
in-vivo human tissue. However, cadaver
studies and animal modelling have provid-
ed supportive evidence of the limits for
such tissues before failure occurs. The tis-
su