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Abstract
Objective-The aim was to study the
association between personal factors and
physical and psychosocial work environ-
ment factors and disorders of the neck or
upper limbs among women in the fish
processing industry.
Methods-A cross sectional study was
performed on 206 women in the fish pro-
cessing industry and 208 control women.
Several physical and psychosocial work
environment factors were evaluated.
Subjective complaints about the neck or
upper limbs were assessed by question-
naire and by a clinical examination.
Results-The study showed a high preva-
lence (35%) of diagnoses in the neck or
shoulders of the exposed women. All
prevalence odds ratios (POR's) were sub-
stantially higher in young women. There
was a pronounced dose-response relation
between disorders of the neck or shoul-
ders and duration of employment for
women < 45 years old. When studying 322
former workers, the proportion who
claimed musculoskeletal complaints as
the reason for leaving was highest among
the older women. Muscular tension,
stress or worry, work strain, and the
largest fraction of the work time spent
with highly repetitive work tasks were
clearly associated with disorders of the
neck or shoulders. The measurements of
the wrist movements also showed that the
work was performed almost without any
pauses and that the median flexion and
extension velocity was high (410/s). The
results ofobservation showed good agree-
ment with the measurements of wrist
motion.
Conclusion-Work in the fish processing
industry is a risk factor for disorders of
the neck and upper limbs. Due to the
homogenity of the physical work load in
the exposed group, we could not show any
associations between the objective mea-
surements and disorders. In cross sec-
tional studies the risk may be
underestimated due to a healthy worker
effect.

(Occup Environ Med 1994;51:826-832)
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Some important health problems are disorders
affecting the musculoskeletal system. Much

interest has been focused upon low back pain
and its economic and social consequencess'
Disorders of the neck and upper limbs also
cause considerable problems. In particular,
women in industrial work are at high risk of
developing such disorders.2 4 Several studies
show that awkward postures, work at shoulder
level, and repetitive hand and wrist move-
ments contribute to the development of disor-
ders of the neck and upper limbs.
To effectively prevent these problems, there

is a need for precise and quantitative knowl-
edge about the relation between exposure and
effect. In most epidemiological studies of dis-
orders of the neck and upper limbs, informa-
tion about exposure is too limited or
imprecise.7 Moreover, the exposure often
involves several dimensions, and therefore it is
necessary to use several measurements of
exposure in a particular occupational setting.8'
One aim of our study was to apply different
measurements of exposure and study their
relations with the effect.
To obtain trustworthy risk estimates, it is of

great importance to use reliable methods for
registration of disease. Most often, neck and
upper limb disorders are assessed, for epi-
demiologic purposes, through a question-
naire.35 Although valuable in many cases, this
method gives imprecise information about the
character of the complaint. The questionnaire
approach may also imply an underestimation
of the true size of the problem."' Thus, in our
study thorough and standardized physical
examinations were performed for measuring
the effect.
The psychosocial conditions in the work

environment have lately been considered as an
important risk factor for developing muscu-
loskeletal disorders, both in the lower back" 12

and the neck and shoulders.' 15 Because of
correlation between bad physical and psy-
chosocial work environments, the impact of
the psychosocial work environment is not fully
appreciated.'6 In our study, both were
recorded and evaluated.
Some studies have shown that a poor social

environment is of importance in the develop-
ment of cardiovascular diseases.'7 18 It may be
possible that this fact is also relevant to disor-
ders of the neck and shoulders. In an occupa-
tionally risky setting, there is a striking
difference between people in the development
of musculoskeletal disorders; some people stay
healthy, even when exposed to a very strenu-
ous work situation. One explanation might be,
that some personal factors play an important
part in the susceptibility. Some studies indi-
cate that a type A behaviour pattern, which is,
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among other things, characterized by competi-
tiveness, impatience, and a feeling of urgency,
is an important determinant for low back
pain,'219 as well as for disorders in the neck and
shoulder region.'" Also, a tendency to develop
muscular tension has been associated with dis-
orders of the neck and shoulders.4 There is a
need to confirm these potentially important
observations in other work environments.
Thus the aim of our study was to investi-

gate the relation between estimates of personal
factors and physical and psychosocial factors
in the work environment and disorders in the
neck and upper limbs.

Subjects and methods
CURRENTLY AND FORMERLY EXPOSED GROUPS
All 13 fish processing factories on the south
east coast of Sweden were included in the
study. The number of female employees was
247. The factories were situated in four differ-
ent towns.
The currently exposed group consisted of

172 women. Their mean (range) age was 39
(17-64) years at the time of the study, and
their mean duration of employment was 6-3
(0-2-17) years. To this group were added 34
women on long term (one month or more)
sick leave (age 44 (18-64) years; duration of
employment 9 5 (1 7-25) years). The dura-
tion of sick leave was 15 (1-5 1) months. All
but three were on sick leave because of mus-
culoskeletal disorders.

At the time of the study, 24 women were on
maternity leave or study leave and 17 women
(8%) refused to participate in the study, so
they were not included.
A group of former workers that consisted of

322 women, who had left their employment in
the fish processing industry in the past 10
years before the study (age 36 (17-73) years;
duration of employment 4-3 (0-2-43) years).

CONTROL GROUP
The control group included all 208 women
(age 40 (17-64) years; duration of employ-
ment 10 (0 2-35) years) employed in 12
municipal work places in the same towns as
the exposed group. Their work tasks were var-
ied and mobile. Seventy one were employed in
day nurseries, 92 worked in offices with vari-
ous work tasks (no constant video terminal
work or typing), 42 took care of elderly people
and three were gardeners. Two of these 208
women were on sick leave.

STUDY DESIGN
We have conducted a cross sectional (one
time) study. The currently exposed and con-
trol workers were visited several times at the
work sites for evaluation of the work environ-
ment and work load, interviews, and physical
examinations. All the different work tasks in
fish processing were videotaped.
The former workers were approached with

a brief questionnaire, including questions
about duration of employment, type of work
tasks, musculoskeletal complaints during their
employment, and the reasons for leaving

(same type of questionnaire as we used
before4).

MUSCULOSKELETAL EFFECTS
Questionnaire
Subjective complaints about the neck and
upper limbs during the past 12 months and
the past seven days, as well as inability to work
during the past 12 months, were recorded in
an interview based on a questionnaire.'4

Physical examination
A standardized physical examination was made
of the neck, shoulders, elbows, and hands.'0
Symptoms and signs were recorded by one
examiner for all current industrial workers and
controls, including those on sick leave.
The examiner decided the diagnoses based

upon a standard set of criteria on symptoms as
well as signs.'0 Each woman could receive
more than one diagnosis.

ASSESSMENT OF EXPOSURE
Questionnaire
Several physical factors were registered and
analysed in the same way as in an earlier
study.4 Duration of employment in repetitive
work was recorded. Also, psychosocial factors
in the work environment such as control over
the work situation, stimulation, psychological
climate, physical and psychological work
strain, and fellowship at work were assessed.'5
Assessment of each physical factor was calcu-
lated by the mean score of five related vari-
ables; each ranged on an ordinal scale of from
1 to 5. Social network in the workplace was
also assessed by eight questions.'

Method of observation
The ergonomic workplace analysis (EWA)
method was used,'6 based on "das
Arbeitswissenschaftliche Erhebungsverfahren
zur Tatigkeitsanalyse (AET) method,'7 and
NIOSH guidelines for lifting.'8 We analysed
the following 10 items: work site, general
physical activity, lifting, work postures and
movements, job content, job restrictiveness,
worker communication, difficulty of decision
making, repetitiveness of the work, and atten-
tiveness. Each item was rated on a scale, usu-
ally from 1 to 5. The combined ratings made
up a profile of the work task.

Wrist movements
Wrist angles of the dominant hand were mea-
sured for 32 randomly selected women during
a total of 40 representative 20 minute work
periods (some women were recorded more
than once). A two axis electrogoniometer
(M110) and a data logger DL1001 (Penny
and Giles Biometrics, Blackwood, Gwent,
Wales) were used for recording the flexion and
extension, and the deviation angles of the
wrist. The reference position was defined as
the wrist angles obtained when the subject
was standing and the arms and hands were
hanging relaxed beside the body. Positive
angles denote flexion in the palmar direction.
The angular distributions, the angular velocity
distributions, and the power spectra, were
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Table 1 Results (median (range)) ofobservations by the EWA method on three different
work tasks in 13 different fish processingfactories

Work task

Packing
Trimming Hemng
ofcod <1 kg >1 kg filleting

Variable (n = 10) (n = 21) (n = 38) (n = 13)

Work site 3 (2-3) 3 (2-4) 3 (2-4) 3 (3)
(good = 1, bad = 4)

General physical activity 3 (2-3) 3 (3-4) 3 (2-4) 3 (2-3)
(light = 1, heavy = 4)

Lifting 4 (2-4) 2 (2-4) 3 (2-4) 1 (1)
(no = 1,> 21 kg = 5)

Work postures and movements 5 (4-5) 4 (3-5) 4 (3-5) 5 (4-5)
(free = 1, poor and fast = 5)

Job content 3 (3-5) 5 (4-5) 4 (2-5) 5 (5)
(high = 1, simple task = 5)

Job restrictiveness 4 (3-5) 4 (2-5) 4 (2-5) 5 (4-5)
(none = 1, complete = 5)

Worker communication 2 (2-3) 3 (3-4) 3 (2-3) 4 (3-4)
(very good = 1, isolated = 5)

Difficulty of decision making 2 (2-3) 2 (1-2) 1 (1-2) 2 (1-2)
(simple = 1, complicated = 5)

Repetitiveness 5 (5) 5 (3-5) 5 (4-5) 5 (5)
(> 30 min = 1, < 30 s = 5)

Attentiveness 4 (3-4) 3 (2-3) 2 (1-3) 3 (2-3)
(superficial = 1, great = 4)

calculated to characterise the wrist move-

ments during work.29
The central position was defined as the

median values of the angle distributions (so
half the time the wrist angles were above and
half the time below the central position). The
working range of the wrist, the range of
motion, was defined as the difference between
the 95th and 5th percentiles of the angle dis-
tributions. A pause was a continuous time
period of at least 0 5 s, and an angular velocity
below 1 00/s; the proportion of pauses was

expressed as a percentage of total time. Mean
power frequency, which is a measure of repet-
itiveness, was derived from the power spectra.

PERSONAL FACTORS
The following issues were included in the
questionnaire: liability to develop subjective
stress or worry, both during and outside work.
This was calculated as the mean score of five
related questions (degree of worrying, restless-
ness, nervousness, feeling of being rushed,
and emotional tension), each score ranged
from 1 (low) to 4 (high).

Subjective tendency to muscular tension
was assessed as the number of a series of
habits (Do you frequently: hold your breath?
contract your stomach muscles? keep your
breath high? sit on the edge of your chair?
contract your neck muscles? raise your shoul-
ders? contract your chewing muscles? grind

teeth? hold tools unnecessarily tense? squint?
frown?).30
The social network outside work (including

relatives and friends) was also measured.'8
The number of cigarettes a day, currently

smoked, was registered.

STATISTICS
The prevalence odds ratio (POR) was used as

the measure of effect. A POR reflects the
impact of exposure on prevalences of a disor-
der.

In a cross sectional study POR can be inter-
preted as an incidence rate ratio, under certain
assumptions.3' 32 Statistical Package for the
Social Sciences (SPSS, Chicago, ILL) was

used for standard statistical analyses, and,
also, to calculate the age adjusted PORs, and
corresponding confidence intervals (CIs), by
the logistic regression model. For Fisher's
exact test, and for testing homogeneity of
PORs, we used StatXact computer program

(Cytel Software, Cambridge, MA). Statistical
significance was P < 005 (two tailed tests).

Results
EXPOSURE MEASUREMENTS
Questionnaire
Most of the working time was spent in three
work tasks, trimming of cod (32%), packing of
fish (44%), and work at the herring filleting
machine (11 %). The task "various" entails the
rest of the work tasks, filleting of cod, check-
ing quality, and handling material.
The work was mostly carried out in a stand-

ing position. Most of the women performed
more than one of these tasks. All workers had a

break of about 15 minutes in the morning
after about two hours work and a lunch break
of 30 minutes. Furthermore, in most of the
factories, the workers had a five minute break
every hour.

Method of observation
All work tasks in the 13 factories were

analysed (total 112 analyses). Table 1 shows
the results of the three most common tasks.
The work was highly repetitive (median EWA
score = 5) included poor work postures and
fast movements ( 4) and was very restricted
( > 4). The work contained mostly simple
tasks (> 3), and the arrangement of the work
site did not meet all of the recommendations
(= 3). The profile of the three work tasks was,

however, somewhat different.

Table 2 Characteristics of wrist angles and movements of the dominant handfor typical work tasks for women in the fish
processing industry (median (range) for wristflexion and extension)

Work task

Packing Filleting Timming Various AU
Variable (n = 16) (n = 8) (n = 12) (n = 4) (n = 40)
Central position (0) 1 (-19-26) 0 (-16-15) 1 (-15-31) -8 (-17-20) -1 (-19-31)
Range of motion (') 61 (49-78) 53 (44-87) 49* (39-63) 76 (57-80) 58 (39-87)
Median velocity('/s) 51 (18-74) 46 (30-73) 22t (17-43) 29 (24-48) 41 (17-74)
Pauses (% oftotal time) 0 4 (0-0-7 6) 0-4 (0 1-3 5) 0-6 (0 0-2-4) 2-8 (0 8-7 4) 0-6 (0 0-7 6)
MPF (Hz) 0-65 (0 37-0-85) 0-68 (0-54-0-81) 0-41*(0-28-0-61) 0-35 (0-27-0 66) 0 54 (0-27-0 85)

Central position = zero denotes rest position, and positive values of flexion in palmar direction; MPF = mean power frequency;
* P = 0 0004 lower than packing; t P = 0-0001 lower than filleting and P = 0-0005 packing; t P = 0-0002 lower than filleting and
P = 0-003 packing; P values from Mann-Whimey U test.
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Table 3 Clinical diagnoses and complaints about neck and upper limbsfrom 206 women
in the fish processing industry and 208 controls (one subject may have more than one
diagnosis)

Exposed Control
n (%) n (%) POR (CI)

Diagnosis:
Neck or shoulders: 71 (35) 29 (14) 3-2 (2-0, 53)

Tension neck 39 (19) 15 (7)
Cervical syndrome 11 (5) 0 (0)
Thoracic outlet syndrome 6 (3) 3 (1)
Frozen shoulder 4 (2) 1 (0-5)
Supraspinatus tendinitis 30 (15) 10 (5)
Infraspinatus tendinitis 25 (12) 6 (3)
Bicipital tendinitis 20 (10) 9 (4)
Acromioclavicular syndrome 35 (17) 13 (6)

Elbows or hands: 20 (10) 7 (3) 3-1 (1-3, 7-5)
Lateral or medial epicondylitis 7 (4) 6 (3)
Pronator teres syndrome 0 (0) 1 (0 5)
Radial tunnel syndrome 0 (0) 0 (0)
Peritendinitis or tenosynovitis 5 (2) 0 (0)
Carpal tunnel syndrome 5 (2) 1 (0 5)
Ulnar nerve entrapment 0 (0) 0 (0)
(at the wrist or elbow)

Complaints in past seven days:
Neck or shoulders 114 (55) 68 (33) 2-6 (1-7, 3-8)
Elbows or hands 91 (44) 34 (16) 4-0 (2-6, 6-4)

Table 4 Diagnoses and complaints about neck and upper limbs by agefrom 206 women
in the fish processing industry and 208 controls

Exposed Control
Age n (%16) n (%) POR (95% CI) Ph.

Diagnosis:
Neck or shoulders:

<30 64 (25) 52 (6) 5-4 (1-5,20)
30-44 65 (42) 80 (11) 5-6 (2-4, 13)
>45 77 (36) 76 (22) 2-0 (0-97, 4-0) 0-15

Elbows or hands:
<30 64 (3) 52 (0)
30-44 65 (12) 80 (2) 5-5 (1-1, 27)
>45 77 (13) 76 (7) 2-1 (069,6-5) 0-39

Complaints past seven days:
Neck or shoulders:

<30 64 (53) 52 (21) 42 (1-8, 10)
30-44 65 (58) 80 (26) 4-0 (2-0, 8 0)
>45 77 (55) 76 (47) 1-3 (0-71, 2-5) 0 03

Elbows or hands:
<30 64 (25) 52 (4) 8-3 (1-8,38)
30-44 65 (50) 80 (11) 8-1 (3-5, 19)
>45 77 (56) 76 (30) 2 9 (1-5, 5 7) 0-15

Pho = P value for the homogeneity test of PORs.

Wrist movements
The central position of the wrist was practi-
cally the same for all tasks, except for various
tasks, where the hand was in a more dorsal
position (table 2). The range of motion was

significantly lower for trimming than for pack-
ing. The median velocity was significantly
lower for trimming than for packing and fillet-
ing. A lack of pauses characterized the work
for all the work tasks studied; the hand was

held still for only 0-6% (median) of the time,
which represents only 22 seconds an hour.
For the various tasks, the slightly higher value
of 2-8% is due to a few tasks of more varied
work. The mean power frequency was high for
all work tasks, especially filleting and packing,
which were significantly higher than for trim-
ming.

DISORDERS OF THE NECK AND UPPER LIMBS
Diagnoses and complaints
The prevalences of diagnoses, as well as sub-
jective complaints, were much higher in the
exposed than in the control group (table 3). In
the exposed group 35% had a specific diagno-
sis in the neck or shoulders and 10% in the
elbows or hands. The corresponding figures in
the control group were 14% and 3%, which
imply crude PORs of 3-2 and 3-1, respec-

tively.
The most common diagnoses were neck

tension, different types of shoulder tendinitis,
and acromioclavicular syndrome. This applies
both to the exposed and the control group.

In the exposed group, 55% had noted com-

plaints about the neck or shoulders during the
past seven days and 44% in the elbows or hands,
whereas in the control group, the correspond-
ing prevalences were 33% and 16%, which
imply PORs of 2-6 and 4 0, respectively.

Prevalence by age and duration of employment
The prevalence of disorders of the neck or
shoulders (diagnoses, as well as complaints)
clearly increased with age in the control but
not in the exposed group. For disorders of the
elbow or hand the prevalences increased with
age both for the controls and the exposed
women (table 4). All PORs were substantially
higher in the two younger age strata than in
the oldest one. There was a decrease with age
of PORs for complaints about neck or shoul-
ders, but no significant variation for any of the
other outcome variables.
We found different patterns of the relations

between PORs and duration of exposure in
young women and older ones (table 5). In the
young women, the PORs of disorders of the
neck or shoulders were significant, and
increased with duration of employment (P =

0 07); the corresponding PORs for complaints

Table 5 Diagnoses and complaints about neck and upper limbs by different durations ofemployment (current
employment period)

Age (y)
<45 >45

Duration of employment POR POR
(y) With (n) Without (n) (95% CI) With (n) Without (n) (95% CI)

Diagnosis:
Neck or shoulders:

Control 12 120 1-0- 17 59 1-0-
0-5 21 65 3-2(1-5,70) 9 16 2-0(073,52)
>5 22 21 10 (4 5, 24) 19 33 2-0 (0-92, 4 4)

Complaints in past seven days:
Neck or shoulders:

Controls 33 99 1-0- 36 40 1-0-
0-5 43 43 3-0 (1-7, 5 3) 13 12 1-2 (0 49, 3 0)
>5 29 14 6-2 (2-9, 14) 29 23 1-4 (0-69, 2 8)

Elbows or hands
Controls 11 121 1-0- 23 53 1-0-
0-5 33 53 6-8 (3-2, 15) 12 13 2-1 (0-84, 54)
>5 15 28 5-9 (2-4,14) 31 21 3-4 (1-6,7-1)
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Table 6 Number ofwomen who left the fish processing industry and percentage who
reported pain in neck or upper limbs as the main reason for leaving employment

Duration ofemployment (y)

<2 . 2 Total

Fraction Fraction Fraction
with with with

Age (y)* n pain (%o) n pain (0,) n pain (0o)t

<30 106 9 52 31 158 16
30-44 42 12 40 28 82 20
>45 23 35 59 47 82 44
Total 171 13 151 36t 322 24

* Age when the study was performed.
t Significant increase with age (P < 0-001; Fisher's exact test).
t Significantly different from < 2 year group (P < 0-001; Fisher's exact test).

Table 7 Psychosocial work environment factors

Factor Exposed Control P value

Psychosocial work environment:
(unsatisfactory = 1, satisfactory = 5)

Control 3-2 4-0 < 0-0001
Climate 3-4 4-0 < 0-0001
Stimulation 2-5 4-2 < 0-0001
Fellowship 4-2 4-4 < 0-0001
Work strain 3-2 3-4 < 0-0001

Muscular tension (low = 0, high = 11) 3-0 2-0 0-005
Stress/worry during work (low = 1, high = 4) 2-2 2-0 0 01
Social network:

During work (none = 1, daily = 5) 4-0 4-5 < 0-0001
Outside work (none = 1, daily = 4) 2-8 2-8 0-60

P values are from Mann-Whitney U test.

of the elbows or hands were significant, but
did not show a systematic pattern. Conversely,
in the older women, the PORs of complaints
of the elbows or hands increased with dura-
tion of employment, although the effect was

non-significant for durations of < 5 years; for
disorders of the neck or shoulders, the rela-
tions were weak, particularly for complaints.
In the older women, we found a significant

relation between diagnoses in the neck or
shoulders of those employed > 10 years (POR
2-5; 95%CI 1L1, 5-8; not in table). We were
not able to perform trustworthy dose-response
analyses for diagnoses of the elbows or hands,
due to the low number of such diagnoses.

Also, when we used the total duration of
employment in the fish processing industry, or
repetitive work in the fish industry or else-
where, we obtained similar results (not pre-
sented).

REASON FOR LEAVING AMONG THE FORMER
WORKERS
A quarter of those who had left, claimed to
have done so because of problems with the
neck or upper limbs, the proportion increased
with age (table 6).

Those employed for at least two years more

frequently reported such complaints as the
main reason for leaving their employment; in
particular, the relatively young women did so.

In the oldest group, however, a high fraction
left because of such complaints before two
years of employment, and the corresponding
fraction was not significantly higher in those
employed for more than two years.

PSYCHOSOCIAL, PSYCHOLOGICAL, AND SOCIAL
FACTORS
Exposed v controls
The psychosocial and social work environ-
ment factors, as well as the stress or worry
factors and tendencies towards muscular ten-
sion, differed significantly between the
exposed and control groups (table 7). The
scores for these factors were more favourable

Table 8 Age adjusted PORs (95% CI) ofpsychological and socialfactors that relate to disorders of the neck or shoulders
(for each such factor, the women (206 in the fish processing industry and 208 controls combined) were divided into three
equally sized groups (low, medium, and high) so the PORs in this table differfrom those used elsewhere, as they refer to a
low group in the exposed women, as well as in the controls)

Factor
Group

Exposed

Diagnosis Complaint

Controls

Diagnosis Complaint

Control:
Low
Medium
High

Climate:
Low
Medium
High

Stimulation:
Low
Medium
High

Fellowship:
Low
Medium
High

Workstrain:
Low
Medium
High

Muscular tension:
Low
Medium
High

Stress or worry:
Low
Medium
High

Social network during work:
Low
Medium
High

Social network outside work:
Low
Medium
High

1-0- 1-0-
1-0 (0 54, 1-9) 1 2 (0-66, 2 2)
0-68 (0-27, 1-7) 0-89 (0-39, 2-1)

1-0- 1-0-
1 1 (0-59, 2-1) 1 0 (0 55, 1 9)
0 68 (0 29, 1-6) 0-72 (0-33, 1-6)

1-0- 1-0-
070 (0-36, 1-4) 070 (038, 1 3)
0-35 (0 07, 1-7) 0-25 (0-06, 0-97)

1-0- 1-0-
058 (0-28, 1-2) 1-6 (0-80, 30)
087 (043, 1-8) 1-0 (055, 20)

1-0-
2-9 (1-1, 7-6)
6-6 (2-6, 17)

1 -

2-0 (0-91, 4*5)
4-0 (1-8, 8-7)

1-0-
2-7 (1-2, 6-1)
3-2 (1-4, 7-1)

1-0
0 50 (0-26, 0-96)
0 75 (0-28, 2-0)

1 -

2-5 (1-2, 5-5)
5-5 (2-4, 12)

1-0-
1-1 (0-56, 2-3)
3-1 (1-5, 6-6)

1 0-
2-0 (0-98, 4-3)
2-6 (1-2, 5-3)

1-0-
0 43 (0-24, 0-78)
0-68 (0-27, 1-7)

10- 10-
1-0 (0-51, 2-1) 0-65 (0-31, 1-3)
0-64 (0-28, 1-5) 0-40 (0-18, 0-90)

1-0- 1-0-
0-60 (0-17, 2-1) 0-72 (0-29, 1-8)
1-1 (0-35, 3-4) 0-70 (0-29, 1-7)

1-0- 1-0-
0-72 (0-21, 2-4) 1-2 (0-50, 3-0)
10 (034, 3-2) 0-89 (0-38, 2-1)

1-0- 1-0-
0-36 (003, 4-2) 0-38 (0-05, 3-0)
0-43 (0-04, 4-7) 0-43 (0-06, 3-3)

1 0-
2-4 (0-65, 9-1)
3 3 (1-0, 10-8)

1 0-
1-2 (0-45, 3-2)
3-0 (1-1, 8-7)

1-0-
2-6 (0-84, 7-9)
5-4 (1-9, 16)

1-0-
1-6 (0-50, 5-1)
5-0 (1-6, 15-2)

1 -

1-9 (0-81, 4-3)
1-0 (0-49, 2-2)

1-0-
1-3 (0-64, 2-6)
3-4 (1-4, 7-9)

1-0-
2-7 (1-2, 5-9)
6-9 (3-0, 16)

1-0-
2-2 (1-0, 4-6)
2-3 (1-0, 5-2)

1-0- 1-0-
0-62 (0-21, 1-9) 0-52 (0-21, 1-3)
0-41 (0-14, 1-2) 0-52 (0-23, 1-2)

1-0- 1-0-
0-52 (0-20, 1-4) 1-6 (0-77, 3-4)
0-96 (0-32, 2-9) 1-2 (0-48, 2-9)
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among the controls. The tendency to stress or
worry was studied both during work and
leisure time. We only discuss the factor refer-
ring to work, as stress and worry at home and
at work were highly correlated.

Although the exposed and control groups
differed significantly in their social network
during work, their social networks outside
work did not vary.

Disorders of the neck and upper limbs
Among the factors studied, high work strain,
as well as muscular tension and the tendency
toward stress or worry were clearly associated
with disorders of the neck or shoulders; these
associations were seen both in the exposed
and control groups (table 8).
We found similar results for disorders of the

elbows or hands, although the CIs of the
PORs were wider, due to lower prevalences
(not presented).
Smoking was not associated with disorders

of the neck or upper limbs (not presented).

Discussion
Work in the fish processing industry is an evi-
dent risk factor for disorders of the neck and
upper limbs in women. Physically, the work is
extremely short cycled and without pauses.
Furthermore, experienced work strain, as well
as muscular tension and the tendency toward
stress or worry turned out to be related to the
disorders.
An important step in the preventive work is

to characterise the different work tasks in an
objective way. We found that the wrist move-
ments were highly repetitive for packing, fillet-
ing and trimming. Trimming, however,
showed lower values for range of motion,
median velocity, and mean power frequency.
We concluded, that the wrist angle measures
were sensitive tools to describe the work tasks.
The flexion or extension velocity of the work
tasks in the fish processing industry were in
accordance with those obtained for subjects
with work associated with a high risk of cumu-
lative trauma disorders of the wrists.33

Moreover, the EWA observation method
proved to be useful for characterising the work
tasks and for screening of work environment
factors, in spite of being less comprehensive
than AET, upon which it is based. The
method is easy to apply; an observation time
of 30 minutes is often sufficient to characterise
one work task. Hence, EWA is far less time
consuming than AET.
The usefulness of EWA is supported by a

good correlation between-for example, work
posture and movements v median velocity of
wrist movements, and job restrictiveness v
lack of pauses. Further, a variety of ratings of
the same work task in different factories indi-
cated its usefulness for assessment of work
improvement. Most of the work tasks
observed showed more than three EWA rat-
ings in the range 4-5, which reflects a poor
work environment.
We could not show associations between

the measurements of exposure and disorders

of the neck or upper limbs. The reasons are
probably that the exposed group was too
homogeneous in their physical work load, and
that most women rotated between the differ-
ent work tasks. Objective measurements of
physical work load should be included in
future studies to increase the knowledge about
the true physical components of the work and
their relations with disease, and thus, the pos-
sibilities of prevention.
One problem when interpreting the results

of the registration of disorders, is a possible
observation bias; it was not possible to blind
to the exposure status of the women. The
physical examinations and interviews were
performed, however, by different people; both
were fully aware of the potential bias. Thus,
we believe that the bias is small, if present.
We registered a high prevalence of com-

plaints about elbows and hands, but a rela-
tively small number of defined diagnoses. One
reason for this difference is probably that
strong criteria were used for hand diagnoses.
Most of the hand problems were unspecific
and did not fit into any of the traditional diag-
noses.

In the control group, the prevalences of dis-
orders of the neck or upper limbs substantially
increased with age, which is a well known phe-
nomenon. 15 On the contrary, among the
exposed women, the prevalence remained
almost constant with age.
The excess prevalence for the exposed

women was most pronounced in the women
<45 years. Further, in this group, there was a
pronounced dose-response relation for disor-
ders of the neck or shoulders (PORs as high as
10 for diagnoses) v duration of exposure in the
fish processing industry. No such associations
were seen in the group >45 years.
One possible explanation of this pattern is a

healthy worker effect-that is, one is not capa-
ble of continuing the arduous work tasks if
one has pain in the musculoskeletal system.
This pattern has also been seen in studies of
assembly work3 as well as work in the fish pro-
cessing industry.34

In accordance with this, among the former
workers the proportion who reported pain in
the neck or upper limbs as the reason for leav-
ing the fish processing industry was clearly
highest among those with a current age of
>45. Thus, in this subgroup, we may have
underestimated the effect of exposure.
Of course, work in the fish processing

industry means simultaneous exposure to sev-
eral potential risk factors, the most conspicu-
ous one being the repetitive work. We found,
however, that the psychological and social fac-
tors, including-surprisingly-muscular ten-
sion and the tendency towards stress or worry,
which were assumed to reflect subject associ-
ated predisposing traits, also differed between
the exposed and control groups. The values of
these factors were more favourable in the con-
trols.

Moreover, work strain, muscular tension,
and stress or worry were clearly associated
with disorders of the neck or upper limbs;
these associations were found in both the
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exposed and control groups. Because of the
cross sectional design, it is impossible to show
causal relations. There are different possibili-
ties: let F denote muscular tension, or stress,
or worry, E the exposure to work in the fish
processing industry, and D a disorder.
Because F, E, and D were mutually related,
the following sequencies should be consid-
ered: (a) E > D-> F that is, E is a risk
factor for D, which, in turn, affects F (b)
E > F > D-that is, E affects F, and F is a
risk factor for D-(c) F > E > D that is,
there is a selection mechanism into E, already
at the start of exposure. We have no reason to
believe that (c) occurred.

If (a) is true, then F should not be included
in a multivariate risk model. Under assump-
tion (b), we think the most likely explanation
of the differences between the exposed and
the control groups is that work in the fish pro-
cessing industry more frequently brings forth
muscular tension and tendencies towards
stress or worry, which may well, simultane-
ously, be personal characteristics.50 This may
be due to the repetitiveness, the piece rate sys-
tem, or the poor psychosocial conditions.
Consequently, it would be incorrect to include
them in multivariate risk models, as our pur-
pose was to investigate the impact of E on D.

In multivariate logistic regression models,
exposure was significantly associated with the
outcome, even after adjustment for work
strain (and age; results not presented). This
probably reflects the physical work load.
Alternatively, the work strain experienced may
be affected by the presence of disease. If so, a
multivariate model is not valid. To solve the
problem of causal sequences, a longitudinal
study must be performed.

Still, our results, as well as other reports,4 36

clearly show the need of preventive efforts in
the fish processing industry. This is not easy.
For example, the differences between the
work loads of most work tasks in the fish pro-
cessing industry are small in spite of the differ-
ences in our objective measurements; even an
extended job rotation is thus no solution of
the problem. Thus, a substantial number of
work tasks, with quite varying patterns of work
load, must be made available for the rotation.
This implies considerable educational efforts,
to increase the vocational qualifications of the
women.
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