
PREVALENCE AND RISK FACTORS OF WORK RELATED UPPER
LIMB DISORDERS (WRULD) IN CARTOGRAPHERS

Jenny Wyatt and Kate Kerr

During October 1997, a survey of cartographers employed in the education sector was undertaken to as-
certain the prevalence of Work related upper limb disorders (WRULD) and the risk factors which
increased the likelihood of becoming a sufferer. This formed the dissertation presented in part for an
Honours Degree in Physiotherapy at Nottingham University 1998, and this article reports the findings to
the membership.

INTRODUCTION

WRULDs (Repetitive strain injury (RSI) is arguably an-
other term) have increased in prevalence with the
introduction of computers in the workplace. Recent court
cases and media attention have challenged the medical ac-
ceptance, symptoms, and credibility of the sufferers (Judge
Prosser, 1993 cited Grieve 1994). However the phenome-
non was first recorded in 1713 in clerks and scribes, when
technological change enforced new work practices. As to-
day, much blame on the individual and neurotic
temperament was proposed. Reilly (1995) speculated that
the “threat of new technology may eventually diminish as
yesterday’s innovation becomes (or has become) today’s
standard tool”. Conversely the computer may be responsi-
ble for long standing health problems?

WRULDs have best been defined by the Australian

Occupational Health and Safety Commission (Reid, Ewan

and Lowy, 1991) as “discomfort or persistent pain in the

muscles, tendons and other soft tissues, with or without

physical manifestations. Caused or aggravated by work

they are associated with repetitive movements, sustained or

constrained postures and/or forceful movements.

Psychosocial factors, including stress in the working envi-

ronment may be important in their development”.

In the United Kingdom, legislation in the form of the

Health and Safety (Display Screen Equipment) Regulations

1992, implementing European Directive (Number

90/270/EEC) of December 1996, was introduced. Many

organisations seek advice from physiotherapists and

ergonomists.

AIMS OF THE STUDY

The aims were to investigate by questionnaire the preva-
lence of WRULD within educational cartographers, and to
determine risk factors with respect to areas afflicted and re-
late to the Health and Safety Regulations. By studying
cartographers new research aspects were incorporated, as
the subject group were graduate professionals, of equal
gender proportions. Producing creative work primarily
through a mouse input device, they differed from the low
skilled female VDU keyboard operator, predominating ear-

lier studies, suggesting that these were the only sufferers
(Green and Briggs, 1989; Salter et al, 1991; Hopkins, 1990;
Stephens and Smith, 1996; Smith, Cohen and Stammerjohn
(1981). This survey also differed from previous research as
investigations of hand problems are limited.

PREVIOUS RESEARCH

Initial research centred around the workstation ergonomic
issues but when conflicting results provided no conclusive
evidence that improving workstation design decreased
problems, the debate returned to the psychosocial issues of
earlier years. Currently there is recognition that all ergo-
nomic aspects are relevant, including workstation, working
practice, personality and psychosocial issues.

Wide ranging prevalence of WRULD from 11-81% de-

pends on the criteria for diagnosis and severity of suffering

(Kamwendo, Linton and Moritz, 1991). However,

Hunting, Laubli and Grandjean ( 1981), found a low preva-

lence of 3% in computer aided designers, possibly more

related to cartographers, although only neck and shoulder

problems were investigated.

There seemed to be a general consensus that using the

computer for over five hours a day was a risk factor

(Kamwendo et al, 1991; Hochandel, 1995). Actual length

of employment, and interestingly keystroke rates were in-

conclusive, although the interaction with the computer and

software was speculated by Mackay (1989) as being highly

important. Surveys have identified the positions contribut-

ing to problems as slouching, poking chin, elevating

forearms, with palms down and bent wrists (Sauter et al,

1991; Hochanadel, 1995; Hunting et al, 1981; Higgs and

Mackinnon, 1995). Correcting workstation ergonomics

alone does not guarantee adoption of correct posture and

static postures themselves are high risk factors as muscles

function best dynamically. Age, height and weight of indi-

viduals proved inconclusive in determining suffering

(Dimberg et al, 1989, Sauter et al 1991).

Hochanadel (1995) stated that “employers should fo-

cus on eliminating ergonomic workstation hazards as a

starting point” but acknowledges that over-riding the work-

station, and equipment, is software, the office environment,

the individual and his relationship to his work, colleagues

and personal life. Greater consensus in psychosocial re-

search indicates that “perceived” work climate, and job

satisfaction issues are highly individual but influential, with

“one persons stress being another’s poison”. Particular risk

factors are those of boredom, lacking control, low job satis-

SoC BULLETIN Vol 33 No 1 15

Kate Kerr is Senior Lecturer in Physiotherapy, School of Commu-
nity Health Sciences, University of Nottingham.
Jenny Wyatt is currently a physiotherapist with South Derbyshire
Acute Hospitals NHS Trust. She was formerly a cartographer,
1982-1995, employed predominantly in the University sector.



faction and stress of workload (Kamwendo et al, 1991;

Theorell, 1991; Dimberg et al, 1989; Stephens and Smith,

1996 and Ekberg et al, 1995). If the poor psychosocial in-

fluences and workstation issues are combined these can

present the greatest risk factors of all (Linton, 1990).

METHOD

Approval was gained from the University of Nottingham
Medical School Ethical Committee, and the Society of Car-
tographers Chairman. In the development of the
questionnaire, possible factors were identified by reference
to other validated questionnaires (Insel and Moos, 1974,
cited Hopkins 1990; Coopers job stress questionnaire,
1981, and Holmes and Rahe life events scale, 1967, cited
Powell and Enright, 1990) and are summarised in Table 1.

An initial pilot questionnaire was sent out to 6 mem-

bers to minimise discrepancies or problems, and the final

questionnaire was circulated in October 1996, together with

an introductory letter. One hundred members formed an

homogenous group, reducing extraneous sources of influ-

ence, and consisted of cartographers employed in the

educational sector.

The questionnaire was divided into four sections, A to D:

A) biodemographic and computer use to enable
grouping of  types of user.

B) problems experienced over the last month to aid
memory recall (symptoms of pain, cramp, fatigue or
stiffness, pins and needles, loss of power, grip or
numbness, or swelling, which have interfered with
function for which medical help may or may not
have been sought.   A body chart was included in
which the respondent marked their symptoms and
questions related to degree of interference of func-
tion.

C) work practices over the last six months covering
computer interaction, management and Health and
Safety regulations, workstation features and posture.

D) individual and workplace psychosocial aspects.

Table 1: Potential ergonomic factors

After four weeks the responses from those users who

used their work computers for greater than 50% of the time

were entered into the Statistical Package for Social Sci-

ences (SPSS) for analysis. Non-returners were reminded

via e-mail, if appropriate, after two weeks, but no undue

pressure was applied for return of the questionnaire. Ascor-

ing system was devised awarding good practice or low risk

factors high scores and poor practice or high risk factors

low scores.

Prevalence of WRULD were investigated and symp-

toms noted. Differences between males and females,

sufferers and non sufferers overall, and by body region

(neck and shoulders, or forearm, wrist or hand), were ex-

plored, by observing and analysing grouped scores and

individual question responses (Table 2).

Table 2: Grouped scores

SCORE
Minimum
“poor” score

Maximum
“good” score

Workstation/posture 10 47

Computer interaction 5 12

Psychosocial/job
satisfaction

15 60

Personality/life event
score (personal)

2 8

Total 32 127

RESULTS

A 67% response rate was achieved from which 57 sub-

jects were analysed.

A) BIODEMOGRAPHIC CHARACTERISTICS

Thirty respondents were male and 27 female, and the

mean age was 42.1 years. Males were taller than females

but their body mass indices (BMI: height divided by weight
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Situational factors Managerial factors Behavioural factors

Worker
Anthropometric, concentra-
tion/precision

Time to learn, time management
Coping strategies, personality,
motivation, self esteem, personal
stress, control

Workstation
Equipment, load, dimensions,
technique, posture

Job components, tasks, training,
workload

Interaction with computer, en-
joyment/satisfaction with work

Department
Heat, light, noise, storage, ac-
cess, maintenance, EC regs

Delegation, allocation of func-
tion, policies, heirarchies,
promotion, office politics

Interaction with colleagues,
group dynamics, supervisory
style

University
Equipment, supplies, room
design

Budgets, job design, attitudes to
employees, communication,  EC
regs

Communication, job secu-
rity/reorganisation

Society
Cost, fashion, availability, stan-
dards, printing/publishers

Government policies, EC direc-
tives, attitudes to health, trade
union pressure, media

Family, friends, lifestyle, past
experience, media



squared) were similar. Overall the sample population de-

scribed themselves as following healthy practice as only 2

smoked, and over 70% exercised for 30 minutes or longer

three times a week.

Those with a higher BMI had more problems in the

forearm, wrist and hand, and males had more problems in

the mouse hand than females. Females consistently re-

ported symptoms for longer than males with increased

interference of function (Table 3).

B) PROBLEMS EXPERIENCED

A total of 34 (59.6%) of the sample experienced prob-

lems (Figure 1). The symptoms were predominantly of the

pain/cramp/fatigue/stiffness category (69%). However

20% of respondents experienced pins and needles/loss of

power, grip or numbness, in addition to the former category.

Few suffered from swelling occurring in the mouse fingers

and thumb.

Severity of symptoms were generally mild but could

occur over numerous body parts (mean score three areas),

and were usually intermittent rather than continuous. The

overall time of suffering ranged from one month to twelve

years (mean 3.5 years). Minor interference of function was

predominantly indicated as in Table 3.

Figure 1: Location of problems experienced by the sample

group.

Table 3: Minor interference of function.

Interference with function
Percentage reporting
“milder” responses

On and off symptoms 70.0%

A few days a month 68.0%

Minor persistence of problems 64.7%

No sleep disturbances 79.4%

No time off 73.5%

Not seeking medical advice 67.6%

Some activities affected 47.0%

However, a sizable proportion therefore suffered from

more severe problems such as recurrent symptoms occur-

ring for longer, with disturbance of sleep, requiring days off

work or experiencing symptoms in other activities being:

“DIY and gripping tools .... Writing … .cleaning,
lifting and household tasks .... throwing the ball for
the dog … driving the car .... Gardening .... opening
bottles .... awkward movements like doing up bra ....
sitting in the same position for long periods”.
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Medical advice ranged from “Don’t work, apply gel,

reappraise workstation, exercise and review posture”,

while help sought involved self referral to an acupuncture

specialist, osteopath, chiropractor, masseur and

reflexologist as well as physiotherapists.

C) CARTOGRAPHIC WORK

i) COMPUTER USE

The sample seemed remarkably stable, having been

cartographers for a mean of 19.3 years, using a computer for

7.2 years, for 6.24 hours a day. There was a predominance

of use of Apple Mac computers with just over one half own-

ing a home computer which they utilised minimally.

Replies indicated that perceived problems with com-

puters were greater at work than home and when a

traditional cartographer, but that the introduction of the

Heath and Safety regulations had not decreased or in-

creased suffering.

Apple mac computers appeared to be associated with

decreased forearm, wrist and hand problems, in that 80% of

non sufferers used this type of computer, whilst 50% of suf-

ferers used other types, or a combination. Increasing years

of computer use tended to be linked to increased suffering.

ii) WORKSTATION AND POSTURE

Workstation/posture scores ranged from 22 to 43, with

a mean of 34.26. Neck and shoulder sufferers, and sufferers

in any body region, consistently had lower worksta-

tion/posture scores than non sufferers (33:36). Specific

workstation features (desk, chair, computer environment)

scored between 10 and 25, with a mean of 19. In spite of

regulations, elements that were absent for over 30% of the

sample were:

“sufficient desk space, antiglare or radiation filter,
removal of flicker from screen, screen at eye level, a
document holder, comfortable temperature, and
elimination of reflection from windows and lights”.

Only 50% of the sample had workstations assessed un-

der Health and Safety regulations which stipulate that these

factors should be addressed. A similar percentage of em-

ployers failed to recognise WRULD. However some

respondents used additional aids or adaptions such as

mouse and keyboard wrist pillows, digitising tablets, a

roller ball input mouse, and not quite so sophisticated, a

manual under the forearms. Easing factors of symptoms

were predominantly physical and were:

“Less problems using home computer-less stress at
home even though chair is probably not the right
height...rest, not working .... long, hot soak, exercise
.... copper band ... better workstation … stretching
... consciously sitting properly ... less use of home
computer”.

The responses suggested that it is the overall effect of

workstation and posture that is important, rather than in-

dividual elements.

iii) COMPUTER INTERFACE

Computer interface scores ranged from 7 to 12. The

majority were happy with their computers and learning time

but were less happy with training availability. Males had

higher computer interaction scores than females indicating

greater overall satisfaction. Neck and shoulder sufferers,

and sufferers in any body region, tended to have lower com-

puter interface scores.

Low scoring individual factors linked to suffering were

training availability, speed, reliability and efficiency of the

system and hardware and software choice. The Health and

Safety regulations stipulate that software should be ergo-

nomically suitable, paced correctly and adaptable for the

task.

Table 4: Summary of statistically significant risk factors, in

order of importance.

18 SoC BULLETIN Vol 33 No 1

Males/females

Males have more arm symptoms

Males have better computer interface scores

Sufferers have:

Lower perceived personal development; lower total scores; reduced self esteem; lower computer interface scores; lower

psychosocial/job satisfaction scores; less perceived stimulation and variety in work; greater staff expectation to produce work

quickly; lower workstation/posture score; reduced training availability; are less happy with speed/efficiency and reliability of com-

puter system; are not as involved in software/hardware choice

Mouse forearm, wrist and hand problems:

More perceived stressfull deadlines; higher BMI; are dependent on type of computer used; lower total scores; feel more isolated at

their computer; are less involved in software/hardware choice

Neck and shoulder problems have:

Lower perceived personal development; lower computer interface scores; lower total scores; reduced training availability; lower

self esteem; lower psychosocial/job satisfaction scores; less software/hardware choice; feel lass happy with potential achievement;

are less happy with speed/efficiency/reliability of computer system; lower workstation/posture scores; reduced time to learn; and

perceive less recognition of good performance



D) PSYCHOSOCIAL FACTORS

Psychosocial/job satisfaction scores ranged from 28 to

55, with a mean of 40.95. These scores were not different

between males and females but overall sufferers and neck

and shoulder sufferers had lower scores.

The individual responses that were related to suffering

are summarised in Table 4. Particularly significant items

seemed to be related to personal development and job satis-

faction, stressful deadlines, low self esteem, and lack of

recognition of good performance and self worth. Interest-

ingly aggravating factors of symptoms were predominantly

identified as stress related so it could be said that respon-

dents had already noticed a correlation with suffering:

“Tight deadlines .... working through lunch
hours/breaks … learning new packages … intense
concentration .... deceased personnel and expected
to do the work of two … people … noise, frustra-
tion, rushing ... stress/tension especially at the
beginning of the academic year ... too much work
… mouse incorrect size and intense use of mouse”.

Personality/life event scores ranged from 2 to 7 but did

not seem to be related to suffering, but could contribute, to

the overall psychosocial score.

TOTAL SCORES AND SUMMARY

If the scores are totalled (adding all the grouped scores:

workstation/posture, computer interface, psychosocial/job

satisfaction and personal) sufferers had lower mean scores

than non sufferers (Sufferers : non sufferers; 86:94, fore-

arm, wrist and hand; 86:91, neck and shoulder; 85:93).

“Poor” scores were as low as 69, whilst “good” scores rose

to 109, out of a possible 127. It was also apparent that the

worse the overall conditions or perceived conditions be-

came, the worse the symptoms became. Table 4 summarises

the contributory factors to suffering.

DISCUSSION

INTRODUCTION

Cartographers, both male and female, do suffer from

WRULD. It is apparent that risk factors vary depending on

the part of the upper limb affected, with forearm, wrist and

hand sufferers influenced by the mechanics of computer

work issues and BMI. This could indicate that degrees of

dexterity and weight of the arm are contributory factors.

Neck and shoulder suffering is more related to

psychosocial and computer interface issues, and worksta-

tion/posture score.

PREVALENCE

Similar to previous research, symptoms were predomi-

nantly mild. However the more severely affected found

difficulty in manipulative tasks, or ones that had similar

sustained postures. The fact that females consistently re-

ported more interference with function than males has been

reported elsewhere (Dimberg et al, 1989). Approximately

one quarter of respondents said they suffered from pins and

needles, loss of power, grip or numbness. These are classic

symptoms of nerve involvement. Edward (1988, cited

Sommerlich, 1993) equated the pain during work with im-

paired muscle function, and pain experienced after work as

muscle damage, so those respondents who reported the

more severe symptoms away from the workplace may like

to reflect on this.

COMPUTER USE AND PROBLEMS

As the type of computer was related to experiencing

forearm, wrist and hand problems the mouse action and the

mechanical work involved in manipulating the menus and

software could be of prime importance. Subtle differences

in the number of precise point, clicks and drag may be

sources of fatigue over the working day, and efficient use of

software shortcuts could decrease these. McAtamney and

Corlett (1993) stated that muscle use is defined as being re-

petitive if the action is repeated more than four times a

minute, which is clearly exceeded by mouse users. This

added to the static nature of computer work compounds the

potential risk. Simply, sedentary static work sitting at a

screen devoid of the need to get up for letraset, equipment,

or change scale as during traditional production, is un-

healthy. The intensity of work was generally found to be

demanding and respondents were less likely to take breaks,

especially if meeting deadlines, although most could do

other tasks away from the computer.

WORKSTATION AND POSTURE

The fact that more sufferers in this study performed ex-

ercises than non sufferers, may infer that they are doing

them to recuperate, rather than as a prophylactic measure.

Seventy percent of the sample admitted slouching. Uptake

of “good” posture is demanding and the “laziness” of

slouching may serve to change position. Using the mouse

with the arm out to the side increases work load for the

shoulder and neck muscles. Previous studies have only

measured the muscle work involved in keyboarders so it

would be interesting to know if this increases for intense

mouse users.

During typing or using the mouse, the forearm is ro-

tated round so that the hand is palm down. This can lead to

neurological compression and could explain the feelings of

tingling and loss of power in the hand. The fact that some

cartographers have benefited from using digitising tablets

and an ergonomically designed mouse placing the hand

with thumb uppermost, could confirm this. Mouse users

and therefore mouse design should receive more attention.

Although it is alarming that 50.9% of respondents said

their workstation had not been assessed in line with Health

and Safety Regulations, since the uptake of good posture

cannot be guaranteed this may decrease its relative impor-

tance. However care of employees will affect their sense of

value and psychological outlook. The Health and Safety

Executive guide to the regulations, advise that steps should

be followed:

1) Decide who is covered by the regulations

2) Train users and assessors

3) Assess workstations and reduce the risks

4) Plan changes of activity or breaks for users

5) Provide eyesight testing
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6) Make sure that new workstations comply with the
schedule to the regulations

7) Inform users about what has been done

Any reports of aches and pains from users should be

taken seriously, but unfortunately 52.6% of the respondents

stated that management failed to recognise WRULD or

consider it a problem. The taking of breaks has got to be

considered, as stipulated by:

Regulation 4: Every employer shall so plan the activi-

ties of users at work in his undertaking that their daily work

on display screen equipment is periodically interrupted by

such breaks or changes of activity as to reduce their work-

load at that equipment.

However in a profession where most, if not all work

takes place on the computer, incorporation of other tasks in

the working day to facilitate screen breaks and therefore

change in posture, is difficult. It is also important to realise

that just over 60% of the respondents admitted to being “ad-

dicted” to the computer and these users may well skip

breaks entirely. Conversely those who didn’t particularly

enjoy computer work (38.6%) may well take breaks more

often, in theory therefore decreasing their likelihood of suf-

fering from WRULD. However psychosocial factors may

override the unintentional prophylactic measures and in-

crease the suffering.

COMPUTER INTERFACE

This study provides evidence that computer soft-

ware/hardware choice, speed/efficiency/reliability of the

system, lack of training and time to learn was related to suf-

fering, agreeing with Mackay (1989). It is particularly

important to neck and shoulder suffering and could be ex-

plained by tension and frustration, being transmitted to the

already fixed shoulders (Dimberg et al, 1991, and Harring-

ton, 1996). There is a need to minimise the extent to which

human operators must adapt to inconvenient and unnatural

constraints of the computer. However the response is indi-

vidual and some may rise to the challenge of working out

how to make the software work, whilst others will feel frus-

trated by it. It may be particularly relevant that many

packages used are not designed for cartographers but ones

that are a compromise and are manipulated to achieve the

finished artwork. Lack of training or time to self learn,

which in itself may be frustrating if learning styles are not

compatible with self learning, mean that operators will not

derive the greatest benefit from the software. Overall the

Health and Safety Regulations have been criticised as not

being specific enough, and areas such as training have been

omitted.

PSYCHOSOCIAL FACTORS

Many psychosocial factors were linked to suffering,

particularly in the neck and shoulders. Problems experi-

enced at the hand, wrist and forearm were less related to the

psychosocial issues except for stressful deadlines and feel-

ing more isolated at the computer. Some cartographers

may feel “deskilled” whilst others find computers have un-

leashed new creative channels. Whether the change is

perceived as a threat or positive move can also be affected

by the management of that change. Keisler and Finholt

(1988) mentioned that “introducing new technology also

elicits rethinking among managers ....who sometimes im-

plement non technological changes in staffing,

organisation and work procedures”.

Lack of training can further manifest itself in employ-

ees lack of self esteem and perceived value by employers

investment in their future development. Stress itself was ac-

knowledged as aggravating suffering by the respondents.

However, many then tried to alleviate the suffering in a

physical way. The ways forward may be to tackle the

stresses and morale of the office environment as well, but

again these have not addressed in the Health and Safety

Regulations, which concentrate on workstation issues.

CONCLUSIONS AND RECOMMENDA-

TIONS

Overall it can be speculated that forearm, wrist and

hand problems are primarily related to biomechanical and

mouse action issues, whilst neck and shoulder problems to

tension and stress. Of lessor importance is good worksta-

tion design, which doesn’t necessarily equate with good

posture and compliance with advice and Health and Safety

Regulations. The total ergonomic picture should be consid-

ered. Whilst welcoming the EC directive incorporated into

the Health and Safety Regulations, 1992, they need to be

more specific to protect computer users. However individ-

uals must be proactive to avoid repetition of a recent court

case in which a graphic designer successfully won against

employers who “failed to instruct her in the use of a mouse”

(Daily Mail, Sept 25th, 1999). In the mean time collabora-

tion rather than divisiveness between parties must take

place, and only then can the problems of WRULD be con-

trolled. Time will reveal if the once new technology poses

less of a problem on becoming the standard tool.
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