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Aim: To test the hypothesis that work related mechanical and psychosocial factors predict new onset
shoulder pain in newly employed workers.
Methods: Two year prospective study of newly employed workers from 12 diverse occupational settings.
At baseline, 1081 subjects provided information on work related mechanical and psychosocial risk
factors, and current pain status.
Results: In all, 803 (74%) subjects were free from shoulder pain at baseline. Of those, 638 (79%)
responded at 12 months and 476 (88%) at 24 months. New onset shoulder pain was reported by 93
(15%) and 73 (15%) subjects respectively. An increased risk of symptom onset was found in subjects
reporting mechanical exposures involving heavy weights including lifting with one or two hands, carrying
on one shoulder, lifting at or above shoulder level, and pushing or pulling. Working with hands above
shoulder level was also predictive of new onset shoulder pain. Of the psychosocial factors examined, the
strongest predictor was monotonous work. Those individuals with any other previous pain also had an
increased risk of new onset shoulder pain at follow up. In multivariate analysis, lifting heavy weights with
one or two hands, pushing or pulling heavy weights, working with hands above shoulder level, and
monotonous work were independently associated with new onset shoulder pain.
Conclusions: This study supports the hypothesised relation between mechanical risk factors and shoulder
pain. In general, work related psychosocial factors were modestly associated with new onset shoulder
pain. However, monotonous work was a strong risk factor for new onset shoulder pain.

P
revious studies have suggested that there is a causal
relation between mechanical factors, such as work load,
posture, and repetitive movements, and an increased risk

of new onset shoulder pain.1–3 It has also been hypothesised
that various organisational and social factors of the working
environment, may lead to increased stress in individuals,
which in turn may be related to a variety of adverse health
outcomes.4 In particular, individuals who have little control,
high workplace demands, and low social support from
colleagues or supervisors are thought to be at increased risk
of developing poor health outcomes.4 Such psychosocial
factors have also been associated with shoulder pain;
however, these findings have not been consistent.2 3 5

The inconsistency in reported results may arise for a
number of reasons. Previous studies may be biased as a result
of the ‘‘healthy worker effect’’. Studies conducted within a
well established workforce may comprise those individuals
least likely to have an adverse outcome from exposure. This is
due to workers who become ill changing their job or job
conditions, thus leaving a relatively healthy workforce. The
healthy worker effect may lead to an underestimate of the
risk of shoulder pain since exposures and outcomes will be
under-represented by such a cohort. In addition, studies have
tended to be cross sectional and are subject to recall bias.
Longitudinal studies are therefore required in order to
determine the temporal relation between exposure and
outcome.3

The current study was designed as a prospective cohort
study to examine mechanical and psychosocial risk factors
for new onset shoulder pain in a range of occupational
groups. In order to minimise the healthy worker effect
individuals who were new to the workforce were recruited.
The main aim of the present study was to test the hypothesis

that mechanical and psychosocial factors predict the new
onset of shoulder pain. To address this hypothesis we
examined the association between risk factors in five specific
domains (mechanical load, posture and repetitive move-
ments, psychosocial factors, working conditions, and other
pain) and the new onset of shoulder pain. We then evaluated
the relative contribution of these domain specific exposures
in symptom onset.

METHODS
Design
The design was a prospective cohort study of newly employed
workers. At baseline subjects completed a questionnaire
which assessed current pain status and measured various
aspects of work related mechanical and psychosocial risk
factors. Subjects free from shoulder pain were identified and
followed up at 12 and 24 months. Those reporting new onset
shoulder pain were identified (fig 1).

Subjects
Subjects were recruited from 12 diverse occupational groups.
Occupations were chosen so that a large proportion of
subjects would be taking up full time employment for the
first time (46%). Occupations previously identified in the
literature as having high rates of musculoskeletal disorders
and thought to have a comparatively stable workforce were
included. Subjects were selected from three sources: (1) sites
recently opened and employing a new work force; for
example, a supermarket and postal distribution centre; (2)
service or established organisations recruiting sizeable
numbers of new employees; for example, police and fire
service; and (3) final year students completing vocational
courses; for example, dentistry and nursing students. The
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sources for recruitment are described elsewhere,6 but details
are briefly given in the Appendix.

Baseline exposures
Each subject completed a 23 page questionnaire at baseline
which, in addition to demographic information, gathered
detailed information on five individual domains of possible
risk factors for new onset shoulder pain.

N Manual handling activities. The questions relating to work
related manual handling activities were based on previous
research which had validated a self completion instrument
designed to measure the frequency, duration, and weights
of work related mechanical tasks performed.7 Specifically,
questions asked about carrying weights on one shoulder,
lifting weights with one or two hands, pushing or pulling
weights, and lifting weights at or above shoulder level
during the past working day. Subjects were asked to
estimate (with the use of a guide) the weights they lifted
and the duration of each task in minutes. The weight
guide was a visual analogue scale, along which several
household and work related items were placed, with
weights given in pounds and kilograms.

N Postures and repetitive movements. The questions relating to
work related postures and repetitive movements were
again based on a previously validated instrument.7

Individuals were asked about several postures and
repetitive movements during the past working day
(driving, stretching below knee level, working with hands
at or above shoulder level, and repetitive movements of
the arms or wrists) and how much of their time was spent
in each position.

N Work related psychosocial factors. Questions examining work
related psychosocial factors were based on the model of
Karasek and colleagues,4 which has previously been used
to examine psychosocial factors in a number of studies of
musculoskeletal pain, including low back8 9 and forearm
pain.10 Individuals were asked about the following items in
relation to their current job: job satisfaction, whether they
felt their work was monotonous or boring, work pace,
stress/worry, control over work, ability to learn new
things, and support from work colleagues and supervisors.
In addition the 12 item General Health Questionnaire
(GHQ) was included as a measure of psychological
distress.11

N Working conditions. Subjects were asked whether they
worked in hot, cold, or damp conditions during their past
working day and, if so, for how long.

N Current pain status. To assess pain status subjects were
asked, ‘‘Thinking back over the past month, have you had
any ache or pain which lasted for one day or longer?’’ If so,
subjects were asked to indicate the site of this pain on a
line drawing of the body. Shoulder pain was defined as

pain in the shoulder complex lasting for one day or longer
in the past month (fig 2).

At baseline 1186 individuals received a questionnaire,
which was completed by 1081 subjects. The questionnaire
was distributed and completed during organised sessions in
the workplace. A few individuals who were absent on the day
of these sessions received a postal questionnaire with up to
two reminders sent to non-responders.

Follow up
Those subjects identified at baseline as free from shoulder
pain were eligible for follow up. Follow up questionnaires
were mailed to subjects at 12 and 24 months, with up to two
reminders sent to non-responders. Pain status was again
assessed using a body manikin. In addition a pre-shaded
manikin was used to enquire about shoulder pain lasting at
least 24 hours in the past month (fig 2). Individuals were
also asked to record any changes in their job or job related
activities due to aches or pains. New onset shoulder pain was
defined in a similar manner to baseline.

Analysis
At baseline a cohort free from shoulder pain was identified.
The associations between (1) exposures at baseline and new

Main messages

N Many previous studies of symptom onset have been
conducted in well established work forces and may be
influenced by the healthy worker effect.

N Mechanical work related risk factors were strong
predictors of new onset shoulder pain.

N The contribution of work related psychosocial factors to
symptom onset was modest; however, monotonous
work was an important predictor of new onset shoulder
pain.

Policy implications

N Load bearing is unavoidable in many occupations and
psychosocial interventions may be less difficult to
implement.

N Targeting the perception of monotonous work may be
one possible avenue for intervention.

Figure 1 New onset of shoulder pain from baseline to follow up.

Figure 2 Manikin used to record shoulder pain.
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onset shoulder pain at 12 months and (2) exposures at
12 months and new onset of shoulder pain at 24 months
(fig 1) were examined.

For analysis of the mechanical exposures, subjects who did
not perform a manual handling activity were categorised as
the referent group. Subjects who performed these activities
were dichotomised into two equal groups based on the
distribution of the weights lifted. Similarly, subjects who did
not report potentially harmful work related postures and
repetitive movements were categorised as the referent group,
with those who did divided into two equal groups based on
the time spent in each position. Subjects scoring 0 on the
GHQ formed the referent group with the remaining subjects
being divided into three equal sized groups, based on the
distribution of the scale score. All other exposure variables
were dichotomised.

Because of the nature of the study design we had exposure
and outcome data available at three time points. Time-series
data can be analysed using generalised estimating equations
(GEEs)12 which were employed in this study to determine
predictors of new onset shoulder pain. GEEs take account of
the within subject correlation measured at multiple time
points. As a result, one summary estimate is given for the
relation between predictors at baseline and outcome at
12 months and for predictors at 12 months and outcome at
24 months. Results are expressed as odds ratios (OR) with
95% confidence intervals (95% CI), adjusted for age, gender,
and occupational group. The final model of the predictors of
new onset shoulder pain was constructed as detailed below:

N Univariate associations, adjusted for age, gender, and
occupational group, were assessed for each explanatory
variable.

N To identify those factors which best predicted new onset
shoulder pain within specific domains, multivariate
models were constructed separately for each domain.
Where two variables were strongly correlated with each
other, the variable that had the strongest or most robust
estimate from the univariate analysis was included in the
domain specific model.

N To identify the smallest number of predictive factors, a
final multivariate model was constructed by entering the
predictor variables from the domain specific models.
Variables were selected for entry if the domain specific
association was statistically significant, the OR>1.5, or the
OR(0.67.

Each predictor variable in the final multivariate model was
examined for interactions with other predictor variables and
follow up period. Interactions were included in the final
model if they were considered to be biologically plausible,
and were statistically significant, or had an OR>1.5 or
OR(0.67, and contributed significantly to the final model.

All analyses were conducted using the statistical package
STATA (version 7).13

RESULTS
Prevalence of new onset shoulder pain
Figure 3 shows the flow of participants from baseline
recruitment through to the final follow up at 24 months. At
baseline 260 individuals (24%) reported shoulder pain. The
remaining 803 individuals without missing information and
free from shoulder pain were therefore eligible for follow up.
Men comprised a larger proportion of the study cohort (65%
males versus 35% females); median age of those eligible for
follow up was 23 years (interquartile range 20–27 years). The
prevalence of new onset shoulder pain at 12 and 24 months
was the same, with 15% reporting symptoms at both follow
up periods (n = 93 and 73 respectively).

The prevalence rate of new onset shoulder pain did not
differ by age and gender, but was found to vary by
occupational group (table 1).

Univariate associations
Table 2 shows the univariate associations between mechan-
ical risk factors and subsequent shoulder pain, adjusted for
age, gender, and occupational group. All manual handling
activities conferred an increased risk of shoulder pain, and
those individuals who handled heavier weights had almost
double or more than double the odds of developing new onset
shoulder pain when compared to those who did not perform
these activities. Subjects who also worked with their hands
above shoulder level for 15 minutes were also at an increased
risk of symptom onset (table 2).

Most of the work related psychosocial factors examined did
not predict symptom onset. However a perception of one’s
work as monotonous or boring was strongly associated with
new onset shoulder pain, with those subjects almost twice as
likely to develop symptoms at follow up (table 3).

Of the other factors examined, hot, cold, and damp
working conditions did not predict new shoulder pain at
follow up (table 4). Those with any other previous pain had
an increased odds of developing new onset shoulder pain at
follow up (table 4).

Final predictive model
Lifting weights at or above shoulder level was excluded from
the final model due to the inconsistency in the odds ratios by
weight category in the domain specific model. In addition,
this variable was strongly correlated with working with
hands above shoulder level and with lifting weights with one
or two hands.

Therefore those factors from the domain specific models
meeting the inclusion criteria for the final multivariate model
were: lifting weights with one or two hands, pushing or
pulling heavy weights, working with hands above shoulder
level, monotonous work, and other pain.

The final model, shown in table 5, shows that lifting
weights with one or two hands, pushing or pulling heavy
loads, working with hands at or above shoulder level, and
monotonous work all carry independent risks for new onset
shoulder pain. The prevalence of new onset shoulder pain
was observed to increase by the number of these factors
subjects were exposed to. The prevalence rate of new onset
shoulder pain was 9% in those exposed to none of these
factors, increasing to 13%, 18%, 31%, and 33% in those
exposed to one, two, three, or four factors respectively. In
addition, the area under the receiver operator characteristic
(ROC) curve was calculated as 0.67, indicating that the model
was good at predicting new onset shoulder pain.

Participants and non-participants
Overall response rates were high but varied according to
occupational group (table 1). Of those individuals free from
shoulder pain at baseline, 79% participated in the 12 month
follow up, and of those free from shoulder pain at 12 months,
88% participated at 24 months. We were however concerned
that the relation between exposure and outcome may differ
between responders and non-responders. As a result of the
prospective design of the study we were able to examine the
relation between baseline predictors and outcome at
12 months for those subjects who did and did not respond
at 24 months. We were unable to examine this relation for
monotonous work due to the small number of non-
responders at 24 months reporting monotonous work and
new onset shoulder pain at baseline. However, for the
remaining predictor variables there were no significant
differences.
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DISCUSSION
Results from previous studies of workplace mechanical and
psychosocial factors have been equivocal. Much of the
published work, by its cross sectional nature, may have
overestimated some associations due to recall bias but, by
contrast, under estimated some associations due to the
healthy worker effect. In the present prospective study of
newly employed workers we have found strong evidence to
support the hypothesis that mechanical factors are important
in the new onset of shoulder pain.1 3 In addition we have
shown only a modest contribution of psychosocial factors,

though perceived monotonous working conditions was an
important predictor of shoulder pain.

There are several strengths in relation to the current study.
First, it was conducted within a newly employed workforce to
minimise the healthy worker effect. It is possible that the
healthy worker effect may still have an influence, although
our data indicate that this is unlikely. Only a small proportion
of individuals changed their job (n = 59 (9%) at 12 months;
n = 30 (6%) at 24 months), and only one person reported
that they had left their job due to aches or pains.
Nevertheless, it is likely that those people applying for

Figure 3 Flow of subjects from the
New Workers Study.

Table 1 Participation and prevalence rates of shoulder pain by follow up period

Eligible
(n)

12 month follow up 24 month follow up

Response rate
n (%)

Prevalence rate
n (%)

Response rate
n (%)

Prevalence rate
n (%)

Firefighters 118 104 (88) 16 (16) 78 (90) 12 (16)
Police officers 36 30 (83) 4 (13) 22 (85) 3 (14)
Army officers 54 36 (67) 4 (11) 29 (91) 2 (7)
Army infantry 43 20 (47) 7 (35) 9 (69) 1 (11)
Army clerks 60 51 (85) 5 (10) 44 (96) 7 (16)
Dentists 89 65 (73) 8 (12) 55 (96) 7 (13)
Podiatrists 65 51 (78) 11 (22) 35 (92) 8 (23)
Nurses 72 58 (81) 6 (11) 47 (92) 6 (13)
Forestry workers 29 21 (72) 2 (10) 15 (79) 2 (13)
Retail workers 89 77 (87) 16 (21) 50 (83) 4 (8)
Postal workers 53 43 (81) 5 (12) 25 (66) 8 (32)
Shipbuilders 95 82 (86) 9 (11) 67 (92) 13 (19)

Total 803 638 (79) 93 (15) 476 (88) 73 (15)

Mechanical and psychosocial factors in new onset shoulder pain 853
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particular types of jobs may have initially been healthier, a
factor outside the control of observational studies.

Second, the current study was conducted as a prospective
cohort study. Almost all previous studies examining work
related risk factors for shoulder pain have been cross
sectional. In a recent review2 of occupational risk factors for
shoulder pain, only one of 29 studies was designed as a
prospective cohort study; however, outcome was collected
retrospectively and physical job demands were based on job
title.14 A more recent prospective study has been conducted
among workers of a forestry company and examined the
relative contribution of work related, individual, and physical
activity factors. However, this study was conducted within
one company and the majority of workers (72%) were blue
collar workers (paper machine process and forest workers)
from an established workforce.15 The study design we have
adopted has the ability to disentangle the relation between
baseline risk factors and subsequent new episodes of
shoulder pain in newly employed workers.

When considering the results from the present study a
number of methodological issues must be considered. First,
in the present study work related exposures were measured
by means of a validated self completion questionnaire. This
questionnaire had previously been validated by comparing
responses with simultaneous observations and was found to
provide an accurate assessment of work related activities.7

The questionnaire was specifically designed to examine risk
factors for shoulder pain; however, certain work related tasks
specific to the shoulder may have been omitted. Yet the
questionnaire covered the majority of items that have

previously been found to be associated with shoulder pain.2

However, there may be some residual confounding due to
other unmeasured exposures, for example, leisure time
activities.

Previous studies have used job titles in order to estimate
workload.16 17 Clearly this is not ideal as job title gives a poor
indication of the tasks involved as a part of one’s job. In
addition it gives no idea as to how often (frequency), how
long (duration), or what effort (weight) individuals spend in
performing certain work tasks. Others have measured
exposures by using direct assessments (for example, using
an observer); however, this is costly and time consuming.18 19

Second, individuals were asked about manual handling
activities and working conditions during the past working
day and therefore work related exposures may not represent
a typical working day. In an attempt to gauge this we asked
individuals how physically demanding their work was
compared to usual. The majority of individuals reported that
it was about as physically demanding as usual (56% and 67%
at 12 and 24 months respectively); furthermore, these
proportions did not differ according to whether individuals
reported shoulder pain or not.

Third, a proportion of subjects did not respond at follow
up. However, the overall response rate was high (79% at
12 months and 88% at 24 months). Nevertheless, response
rates in the current study varied according to occupational
group. There is no reason to assume that the relation between
these risk factors and shoulder pain would be any different
between non-participants and participants. Due to the
prospective study design we were able to examine baseline

Table 2 Work related mechanical risk factors and new onset shoulder pain* (univariate associations)

Exposure

Shoulder pain

Unadjusted Adjusted*Baseline 12 months

No Yes No Yes OR 95% CI OR 95% CI

Manual handling activities
Lifting with one or two hands

Never 189 20 142 18 1 Referent 1 Referent
(22 lb 163 33 128 27 1.8 1.2 to 2.8 1.9 1.2 to 3.1
.22 lb 179 37 1233 26 1.8 1.2 to 2.8 2.2 1.3 to 3.8

Carrying on one shoulder
Never 441 63 315 56 1 Referent 1 Referent
(25 lb 48 11 42 10 1.5 0.9 to 2.5 1.5 0.9 to 2.6
.25 lb 47 16 37 6 1.7 1.0-2.8 1.8 0.99 to 3.4

Lifting at or above shoulder level
Never 409 62 319 49 1 Referent 1 Referent
(20 lb 60 13 41 14 1.8 1.1 to .8 2.0 1.2 to 3.3
.20 lb 63 17 35 9 1.7 1.1 to 2.8 2.2 1.2 to 3.9

Pushing/pulling
Never 332 48 586 86 1 Referent 1 Referent
,70 lb 98 16 180 30 1.1 0.7 to 1.8 1.3 0.8 to 2.2
>70 lb 105 27 162 47 2.0 1.3 to 2.9 2.6 1.6 to 4.2

Posture
Drive as part of job

No 473 79 322 54 1 Referent 1 Referent
Yes 66 14 73 18 1.4 0.9 to 2.1 1.5 0.9 to 2.5

Stretching below knee level
Never 310 42 212 41 1 Referent 1 Referent
,15 min 173 36 142 22 1.2 0.8 to 1.7 1.1 0.8 to 1.7
>15 min 54 14 41 10 1.6 0.96 to 2.6 1.6 0.95 to 2.8

Working with hands above
shoulder

Never 315 46 213 35 1 Referent 1 Referent
,15 min 125 18 126 23 1.1 0.7 to 1.6 1.1 0.7 to 1.7
>15 min 94 28 57 15 1.9 1.2 to 2.8 1.9 1.2 to 2.9

Repetitive arm/wrist movements
Never 119 15 107 23 1 Referent 1 Referent
,2 hours 206 39 136 22 1.1 0.7 to 1.6 1.0 0.6 to 1.6
>2 hours 212 39 152 27 1.1 0.7 to 1.7 1.0 0.6 to 1.6

*Adjusted for gender, age group, and occupation.
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predictors of shoulder pain at 12 months for those participat-
ing and not participating at 24 months. We found that the
relations did not differ.

Fourth, pain status was measured at three time points
(baseline, 12 and 24 months) and no attempt was made to
ascertain new cases in the intervening months. In order to
minimise recall bias subjects were asked about their pain
experiences during the past month. Therefore we are unable
to say anything about the new onset prevalence rate during

this time. Nevertheless this does not affect the internal
comparisons between predictors and outcomes in our study.

In the current study the prevalence of new onset shoulder
pain was high among newly employed workers.
Musculoskeletal pain is very common, with many episodes
being well established in childhood or adolescence.20 The
recurrent nature of such pain syndromes means that
individuals will move in and out of state, therefore the
majority of episodes will be recurring episodes rather than

Table 3 Work related and individual psychosocial risk factors and new onset shoulder pain* (univariate associations)

Exposure

Shoulder pain

Unadjusted Adjusted*Baseline 12 months

No Yes No Yes OR 95% CI OR 95% CI

Job demand
Stressful work

Never/occasionally 414 75 329 62 1 Referent 1 Referent
At least half of the time 117 18 68 11 0.9 0.6 to 1.3 0.9 0.6 to 1.4

Monotonous work
Never/occasionally 475 74 336 57 1 Referent 1 Referent
At least half of the time 55 19 57 15 1.9 1.2 to 2.9 1.9 1.2 to 3.1

Hectic work
Never/occasionally 370 63 289 59 1 Referent 1 Referent
At least half of the time 161 30 108 14 0.9 0.6 to 1.3 0.9 0.6 to 1.4

Job satisfaction
Job satisfaction

Not dissatisfied 520 92 372 69 1 Referent 1 Referent
(Very)/dissatisfied 11 1 21 3 0.7 0.2 to 2.0 0.7 0.2 to 2.1

Social support
Support from colleagues

Not dissatisfied 523 92 381 69 1 Referent 1 Referent
(Very)/dissatisfied 7 1 15 3 1.0 0.4 to 3.0 1.0 0.3 to 3.1

Control over work
Control over own work

At least sometimes 482 83 376 68 1 Referent 1 Referent
(Very)/seldom 46 9 21 4 1.1 0.6 to 2.0 1.0 0.5 to 2.0

Learn new things
At least sometimes 511 90 375 67 1 Referent 1 Referent
(Very)/seldom 21 3 22 6 1.2 0.6 to 2.5 1.0 0.5 to 2.3

Individual distress (GHQ)
GHQ total

0 301 52 256 53 1 Referent 1 Referent
1 97 14 49 5 0.7 0.4 to 1.2 0.7 0.4 to 1.2
2–3 78 12 43 7 0.8 0.5 to 1.4 0.9 0.5 to 1.5
>3 62 15 50 8 1.1 0.7 to 1.8 1.1 0.7 to 1.9

*Adjusted for gender, age group, and occupation.

Table 4 Work conditions and other pain as risk factors for new onset shoulder pain* (univariate associations)

Exposure

Shoulder pain

Unadjusted Adjusted*Baseline 12 months

No Yes No Yes OR 95% CI OR 95% CI

Working conditions
Work in hot conditions

No 396 71 304 59 1 Referent 1 Referent
Yes 142 21 87 13 0.8 0.5 to 1.2 0.8 0.5 to 1.2

Work in cold conditions
No 432 71 329 63 1 Referent 1 Referent
Yes 83 21 60 9 1.2 0.8 to 1.8 1.1 0.7 to 1.9

Work in damp conditions
No 399 66 308 55 1 Referent 1 Referent
Yes 94 19 81 17 1.2 0.8 to 1.8 1.2 0.7 to 2.0

Other pain
(Any pain other than shoulder pain)

No 315 46 228 32 1 Referent 1 Referent
Yes 225 47 172 41 1.5 1.1 to 2.1 1.6 1.1 to 2.2

*Adjusted for gender, age group, and occupation.
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incident cases. Consequently it makes sense to establish
which risk factors are important in the new onset of
musculoskeletal disorders so that suitable preventative
measures can be undertaken.

New onset prevalence rates of shoulder pain varied largely
according to occupational group. However, rather than
identify risk markers by using job titles we were interested
in identifying specific risk factors: specific occupational
mechanical, psychosocial, and environmental factors for
shoulder pain. Although the workplace is a convenient place
for measuring these factors they are not exclusive, and other
factors outside the workplace may be equally important.21

The highest new onset prevalence rate of shoulder pain
occurred at baseline. However, the fact that subjects, initially
free from shoulder pain at baseline, commonly developed
new onset shoulder pain at follow up may indicate the
importance of these factors.

Results from the cross sectional phase of this study on
regional pain symptoms have recently been published.6 22

Many of the manual handling activities were found to be
associated with shoulder pain.6 Among the work related
psychosocial factors, stressful and hectic work always or most
of the time were found to be significantly associated with
shoulder pain; in addition higher levels of individual
psychological distress on the GHQ were also associated with
shoulder pain.22 However, due to the cross sectional design
the relation between these factors and shoulder pain was
unclear; for example, we could not conclude that shoulder
pain was a consequence of stressful work or whether
individuals found their work more stressful as a result of
their shoulder pain. By taking advantage of the prospective
design we were able to disentangle the temporal relation for
these factors.

The pathological basis of most cases of shoulder pain is
poorly understood. Although such pain can often be
attributed to a specific diagnosis,23 this is not the case for a
significant proportion.24 It would be of interest to determine
to what extent risk factors are common across specific and
non-specific disorders. However, in our study, we found that
only a small proportion of those subjects who underwent a
physical examination were diagnosed with a specific

shoulder disorder (13%), and therefore precluded the
consideration of that. However, this remains a challenge for
the future. Thus consideration of a potential role of
psychosocial factors in increasing susceptibility to symptom
onset is important. Psychosocial factors may operate through
a different mechanism to that of work related mechanical
factors. A number of mechanisms through which psychoso-
cial factors may influence new onset musculoskeletal pain
have been hypothesised.25 For example, by directly influen-
cing loading on the spine or through chemical reactions that
occur while performing certain tasks as a result of increased
muscle tension. Other hypotheses include a reduced pain
threshold as a result of stressors at work, or avoidance of
potential stressors at work.25 Whether the influence of such
psychosocial factors is a short or long term effect is currently
subject to debate.26 We found over a relatively short period
that the majority of psychosocial risk factors did not predict
new onset shoulder pain. However, we have shown that
subjects who perceive their work to be monotonous or boring
are at an increased risk of developing new shoulder pain, and
this risk is independent of other work related factors. In our
previous work we have found monotonous work to be
independently associated with an increased risk of shoulder
pain and disability in the general population,27 and with the
new onset of forearm pain.28 Monotonous work may be an
indicator for repetitive tasks within the workplace. However,
each of these studies examined the associations with both
mechanical and psychosocial factors, by including questions
on repetitive movements of the wrists or arms and a separate
question on whether individuals found their work was
boring, monotonous, or repetitive. We found the latter to be
independently associated with pain outcome.

What therefore are the implications of the present
findings? Ergonomic interventions and rehabilitation pro-
grammes for the prevention of musculoskeletal disorders are
currently in their infancy and few studies have been
published.29 30 For example, a rehabilitation programme
comprising physical training, information, education, social
interaction, and workplace visits, for individuals with neck
and shoulder disorders was found to be no better than usual
treatment of physiotherapy, medication, rest, and sick leave.31

In many occupations mechanical load bearing is unavoidable,
whereas interventions aimed at the psychosocial environ-
ment may be less difficult to implement. For example,
alleviating the perception of monotonous or tedious work
could perhaps be achieved through more interesting and
varied work tasks with an increased number of breaks, better
job opportunities,32 or improved communication between
employers and employees.

APPENDIX: SOURCES OF RECRUITMENT

N Newly opened workplaces in the northwest of England
that required a new workforce. Firstly, a recently opened
supermarket included employees from a number of areas
including checkouts, shelf stacking, service counters, a
crèche, general office, and stock management staff.
Secondly, workers from a postal distribution centre
responsible for unloading and loading trolleys of mailbags
on and off trains and lorries; other workers were employed
in administration or catering.

N Services or organisations which frequently recruit groups
of trainees. A total of nine intakes of full time paid
firefighters, from four local counties, in their period of
initial training. All police force trainees from three intakes
of one police force were invited to participate. New army
recruits included officers, infantry, and clerks. Officers
from three companies were selected at random, as were
infantry soldiers from two battalions and all clerks
enrolled on three training intakes were included.

Table 5 Final model predictors for new onset shoulder
pain* (multivariate associations)

Exposure OR 95% CI

Mechanical load
Lifting with one or two hands

Never 1 Referent
(22 lb 1.6 0.99 to 2.7
.22 lb 1.7 0.9 to 3.0

Pushing/pulling
Never 1 Referent
.70 lb 1.1 0.7 to 1.9
>70 lb 1.9 1.1 to 3.3

Posture
Working with hands above shoulder

Never 1 Referent
,15 min 1.0 0.6 to 1.6
>15 min 1.6 0.98 to 2.5

Psychosocial
Monotonous work

Never/occasionally 1 Referent
At least half of the time 1.7 1.1 to 2.8

Other pain
(Any pain other than shoulder pain)

No 1 Referent
Yes 1.3 0.9 to 1.9

*Adjusted for gender, age group, occupation, and all other factors in the
model.
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N Apprentices, carrying out construction and engineering
tasks, from an established shipbuilding company were
invited to participate.

N Individuals at the end of vocational courses who were
training for specific careers were also recruited. This group
included nursing students from one academic institution,
dentistry students from two academic institutions, all
podiatry students from a further two academic institu-
tions, and forestry students at a specialised college.
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