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Objectives A longitudinal study was conducted to describe the prevalences and development of musculosl<el- 
eta1 symptoms among sewing machine operators in relation to age and exposure and among former sewing 
machine operators who changed exposure by changing occupation. 
Methods Musculoskeletal symptoms were assessed among 327 sewing machine operators in 1985 with the use 
of the standardized Nordic questionnaire. A follow-up study in 1991 showed that approximately one-third was 
still working as a sewing machine operator, one-third had changed occupation, and the rest were out of 
employment. The exposure was assessed by a questionnaire regarding the type of machine being operated, work 
organization, workplace design, units produced per day, and payment system. 
Results High prevalences of musculoskeletal symptoms of the neck and shoulders were found, with some 
associations to exposure variables such as efficiency. Initially symptom-free sewing machine operators were not 
at a higher risk of developing symptoms when they continued sewing during the six-year follow-up when 
compared with those who changed to other employment. However, syrnptomatic sewing machine operators who 
quit sewing were much more likely to be relieved of their symptoms than were symptomatic operators who 
continued sewing, odds ratio 3.26 [95% confidence interval (95% CI) 1.38-7.721 for 12-month symptoms and 
odds ratio 3.90 (95% CI 1.28-1 1.90) for 7-day symptoms. This trend also applied to long-lasting symptoms. 
C O ~ C ~ U S ~ O ~ S  The results demonstrate that, for many sewing machine operators, neck and shoulder symptoms 
are reversible and may be influenced by reallocation to other worktasks. 

Key terms exposure-response relationship, follow-up study, longitudinal study, neck and shoulder symptoms, 
questionnaire, repetitive work. 

Musculoskeletal disorders in the neck and shoulder re- 
gion are frequent among worlters performing monoto- 
nous, highly repetitive, and high-speed precision tasks 
(1-7). Numerous cross-sectional epidemiologic studies 
have identified sewing machine operators, office work- 
ers with visual display units (VDU operators), meat cut- 
ters, assembly-line workers, and the like as high-risk 
groups for developing musculoskeletal disorders in the 
neck and shoulders (7, 8), and preventive strategies are 
needed (9-12). Risk factors such as static postures, 
repetitive arm movements, and lack of rest have been 
focused upon (8, 1 1, 13). However, our knowledge is 
limited regarding the effect of exposure time for the 
individual worker since longitudinal epidemiologic stud- 
ies are rare (14-18). This is especially true for pro- 
longed exposure time (ie, exposure for many years). Fur- 
thermore, only limited information exists regarding the 

development of chronic neck and shoulder symptoms 
among worlsers performing repetitive work (16, 17). The 
purpose of the present study was to describe muscu- 
loslteletal symptoms among sewing machine operators 
in relation to various exposure variables and to evaluate 
the development and disappearance of musculoskeletal 
symptoms among sewing machine operators over a six- 
year period in relation to age, exposure time, and em- 
ployment status. Finally, the causes for leaving this work 
were analyzed. 

Subjects and methods 

In April 1985 a cross-sectional questionnaire survey was 
conducted among Danish sewing machine operators (19). 
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Nine factories representing different technology levels 
were selected. At the factories, 327 sewing machine 
operators were employed. Among them, 306 (94%) an- 
swered a self-administered questionnaire. Three sewing 
machine operators with less than one month of employ- 
ment were excluded. All the sewing machine operators 
were women. Their mean age was 31 (range 17-64) 
years, their mean height was 166 (range 151-1 89) cm, 
and their mean weight was 62 (range 44-100) kg. The 
mean employment time as a sewing machine operator 
was 6.5 (range 0.1-46.0) years. 

In April 1991 the home addresses of 279 of the 303 
workers were traced, and 241 (86%) responded to the 
same questionnaire. The questionnaire was extended with 
questions regarding present occupation and, in case the 
job did not involve operating a sewing machine, the 
reasons for leaving the job. Around one-third, 77 work- 
ers, still operated a sewing machine. Among the remain- 
ing, who were no longer sewing machine operators, 82 
workers had another job (ie, as shop assistant or within 
the health care or fishing industry). This group is re- 

Table 1. Distribution of the different exposure variables in 1985 
and 1991. The percentages for those 77 sewing machine opera- 
tors in 1985 who were still operators in  1991 corresponded 
closely with those for the total group of 303. 

Variable Percentage 

1985 1991 
(N = 303) (N = 77) 

Technology level 
Low 
Medium 
High 

Full-time employment 
Payment system 

Paid by the unit 
Time wages 

Efficiency 
< 100 
100-1 25 

125 
Machine type most frequent operated 

Lockstitcher 
Overlocker 
Automatic sewing units 
Others 

Number of machines operated 
One only 
More than one 

Leaving machine for collecting own materials 
Yes 
No 

Units produced per day 
< 500 
500-1 000 
> 1000 

Adjustment of workplace by a professional 
Yes 
No 

ferred to as the "other employment" group. The rest were 
unemployed (participating in educational activities, on 
sick leave, on maternity leave, retired, or otherwise out 
of employment). Since this unemployed group was rath- 
er diverse and each subgroup was small, data from this 
group have only been included when relevant. Dividing 
the study group in 1991 into age groups showed that, 
among those 35 years of age or below, 77% had left their 
sewing job during the six-year period, while this was 
true for only 57% of those above 35 years of age. This 
finding agrees with the fact that, in 199 1, the mean age 
was much higher for the sewing machine operators, 40 
(range 24-65) years, than for the "other employment" 
group, 32 (range 24-62) years. Furthermore, the em- 
ployment time as a sewing machine operator was 9.0 
(range 0.3-35.0) years in 1985 and 15.3 (range 2.9- 
44.0) years in 1991 in the sewing machine operator 
group, while in the "other employment" group, it was 
only 3.1 (range 0.1-28.0) years in 1985 and 5.3 (range 
0.3-28.0) years in 1991. As a reason for leaving their 
job as a sewing machine operator, 21% reported that 
they did so only because the factory was closed down. 
However, 20% reported musculoskeletal symptoms as 
the only reason, 39% reported various other reasons, and 
20% stated multiple reasons. In the last group, 13% re- 
ported musculoskeletal symptoms as one of the reasons; 
therefore altogether 33% reported musculoskeletal symp- 
toms as one reason for leaving their job as a sewing 
machine operator. 

Exposure 

Exposure was assessed by questions regarding the type 
of machine operated, work organization, workplace de- 
sign, units produced per day, and payment system. Piece- 
work was graded by the employer according to the 
number of units finished a day relative to a standard 
number, which was referred to as efficiency 100. Ex- 
posure time was defined as time of employment as a 
sewing machine operator. Factories with manual trans- 
port systems and no automatic sewing units were classi- 
fied as low-level technology, those with manual trans- 
port systems and automatic sewing units were consid- 
ered as mid-level technology, and those with automatic 
transport systems and automatic sewing units fell into 
the category of high-level technology. In table I,  the 
percentage distribution is given for the different expo- 
sure types. 

The exposure variables given in table I,  age, employ- 
ment time, and employment status were used as inde- 
pendent variables in the analysis of the cross-section in 
1985. Only a few of these variables were important in 
the analysis of the development or improvement of symp- 
toms during the follow-up. They were age, employment 
time as a sewing machine operator, and employment 

428 Scand J Work Environ Health 1995, vol21, no 6 



status in 1991. Those who were operators in 1991 were 
considered exposed in the follow-up, whereas those who 
had changed occupation (the "other employment" group) 
were considered unexposed. In the analysis of getting 
another job in 1991, being symptomatic in 1991 was 
treated as an independent variable. 

Outcome 
Musculoskeletal symptoms (ache, pain, discomfort) were 
assessed with the standardized Nordic questionnaire (20). 
Several outcomes were analyzed as defined directly by 
the Nordic questionnaire, for example, the 7-day and 12- 
month prevalences, the restriction of activities in work 
and leisure time, and treatment. Further outcomes were 
analyzed, as defined from information from the Nordic 
questionnaire. The development of 7-day symptoms was 
defined as not having had symptoms during the last 
7 days in 1985 and having had symptoms during the last 
7 days in 1991. Likewise, the development of 12-month 
symptoms was defined as not having had symptolns dur- 
ing the last 12 months in 1985 and having had symptoms 
in 1991. Finally, developing long-lasting symptoms was 
defined as having less than 30 days with symptoms in 
1985 and more than 30 days with symptoms in 1991. 

Improvement of 7 days, 12 months, and long-lasting 
symptoms was defined as the opposite of the develop- 
ment of symptoms (ie, as having symptoms in 1985 and 
having no symptoms (for long-lasting: less than 30 days) 
in 1991. Finally, in one analysis, leaving sewing work 
and getting another job in 1991 was treated as an out- 
come. 

Statistics 

The follow-up part of the study was analyzed by means 
of the following tabulations: (i) prevalences in 1985 and 
1991, significance being tested with the chi-square test; 
(ii) number of persons reporting differently on the two 
occasions, significance being tested with McNemar's 
test; (iii) persons at risk for given outcomes (eg, persons 
without neck symptoms in 1985 being defined as at risk 
of developing symptoms in 1991). Risk factors for this 
outcome were measured as odds ratios (OR) and esti- 
mated with logistic regression with the probit procedure 
of the SAS (statistical analysis system) program. Due to 
the low number of potential explanatory variables, the 
model building process was simple. If the variables were 
significant when alone in the model, they were included 
in the final model. Since the material was small and 
correlations existed between age, employment time, and 
employment status, the variables usually became nonsig- 
nificant when the others were entered. The variables 
were kept in the model even though they were no longer 
significant to assure less biased estimates than with re- 
ports of the bivariate results. The bivariate analyses are 
referred to in the text as unadjusted. In the model for the 

disappearance of long-lasting neck symptoms, age and 
einployrnent time were not significant when entered as 
single variables. When they were forced into the model, 
they changed the estimate for employment status less 
than 5%. Therefore, they were omitted from the final 
model. The significance of the variables in the models 
was assessed with the likelihood ratio test (21). The level 
of significance was 0.05. 

Results 

Exposure 

Only small changes occurred in the exposure from 1985 
to 1991 (table 1). The majority worked full-time, was 
paid by unit, and used either lockstitchers or overlockers. 
Most of the operators worked at only one machine, and 
few left the sewing machine to collect or deliver mate- 
rials. In 1991, more operators received professional as- 
sistance for individual adjustment of their chair and table 
height, the number of units made per day had decreased, 
and a smaller number had an efficiency rating above 
125. 

Musculoskeletal symptoms in the cross-sections 
For all the body regions, the 12-month and 7-day preva- 
lences for musculoskeletal symptoms are presented in 
table 2. Musculoskeletal symptolns of the neck, shoul- 
ders, upper back, lower back, and hands were the most 
frequent. For the group of operators who remained oper- 
ators throughout the study period no significant changes 
were found in the prevalences of symptoms from 1985 to 
1991. In contrast, for the "other employment" group, the 
prevalence of symptolns decreased significantly for the 
neck, shoulders, upper back, and lower back. The unem- 
ployed group was not homogeneous, and therefore was 
not tested for significant differences. The prevalence of 
the long-lasting symptoms also remained unchanged in 
the operator group, whereas a significant decrease was 
seen in the neck and shoulder symptoms in the "other 
employment" group from 1985 to 1991 (table 3). In the 
"other employment" group, there was a tendency to- 
wards higher symptom prevalences for the neck, shoul- 
ders and upper back in 1985 compared with the group 
continuing as sewing machine operators. In 1991, the 
situation had reversed (tables 2 and 3). 

A larger percentage of the operators was unable to 
carry out normal work (at home or away from home) for 
more than 1 day because of neck or shoulder symptoms 
in 1991 than in 1985 (table 3) (a nonsignificant finding). 
Furthermore, neck and shoulder symptoms caused 8- 
17% of the operators to decrease their activity during 
work or leisure time in 1985 and 1991. In contrast, for 
the "other employment" group, the results indicated that 
the prevalences for not always being able to carry out 
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Table 2. Prevalences of the 12-month and 7-day musculoskeletal symptoms among the total group in 1985 and the two groups "sewing 
machine operator" and "other employment" in 1985 and 1991. 

Symptoms Total group Sewing machine operator Other employment in 1991 Unemployed in 1991 
in 1985 in 1991 (N = 82) (N = 82) 

i N  = 303) i N  = 77) 

Last 12 months 
Neck 
Shoulders 
Elbows 
Wrists and hands 
Upper back 
Low back 
Hips 
Knees 
Ankles or feet 

Last 7 days 
Neck 
Shoulders 
Elbows 
Wrists and hands 
Upper back 
Low back 
Hips 
Knees 
Ankles or feet 

Table 3. Prevalences of the symptoms for more than 30 days 
during the last 12 months (ie, long-lasting symptoms) and re- 
sponses to the question "What is the total length of time that neck 
or shoulder trouble has prevented you from doing your normal 
work (at home or away from home) during the last 12 months?" 

Symptoms for more than 
30 days 

Neck 
Shoulders 

Unable to carry out the 
normal work for more 
than 1 day 

Neck 
Shoulders 

Total Sewing machine Other 
group operator employment 

in 1985 in 1991 in 1991 
iN = 303) (N = 77) (N = 82) 

normal work (at home or away from home) or having 
decreased activity during the last 12 months in 1991 had 
decreased, although this could not be significantly 
proved. 

In 1985, a total of 15% had consulted a physician, 
physiotherapist, chiropractor, or other health care profes- 
sional because of neck symptoms, and in 1991 approxi- 
mately 20% reported a similar situation in both groups 
during the last 12 months. The numbers were roughly the 
same for shoulder pain. 

Exposure versus musculoskeletal symptoms of the 
neck and shoulders 

cy although this relationship was not statistically signifi- 
cant. The prevalences of the 12-month neck symptoms 
were 36, 53, and 61% for the efficiency groups < 100, 
100-125 and > 125, respectively. The 12-month preva- 
lence of neck symptoms was of the same order of magni- 
tude in the group paid by hourly wage (63%) as for the 
high-efficiency group. The operators who always worked 
at the same machines compared with those working at 
different machines only showed significantly higher dai- 
ly neck symptoms, 13 and 2%, respectively. The same 
tendency was seen for shoulder symptoms. Furthermore, 
workers who collected or delivered their own materials 
had a significantly lower 7-day prevalence of shoulder 
symptoms than the rest (18% for this group compared 
with 33% for the rest). Musculoskeletal symptoms were 
not significantly related to the level of technology or 
individual adjustment of the table and chair. 

Appearance and disappearance of neck and shoulder 
symptoms 

Even though the 12-month and 7-day prevalences of 
symptoms remained unchanged for the operator group 
from 1985 to 1991, numerous operators reported differ- 
ent symptom statuses in the two questionnaires (figure 1). 
Concerning neck symptoms during the last 12 months, 
40% of the operator group responded positively and 29% 
responded negatively in 1985 and 1991, respectively, 
while 31% changed their responses (for 16% the symp- 
toms disappeared and for 15% the symptoms appeared). 
In the "other employment" group, 29% gave a positive 
answer and 21% gave a negative answer both in 1985 

In 1985, the 12-month and 7-day symptoms from the and 1991. As many as 50% changed their response, 38% 
neck and shoulders tended to be related to high efficien- reported the neck symptoms as having disappeared 
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and 13% that the symptoms appeared during the last 
12 months. For shoulder symptoms, values of the same 
magnitude were registered. For the 7-day and long-last- 
ing symptoms categories, the changes from 1985 to 1991 
followed the same pattern. The unadjusted odds ratios 
for developing neck symptoms in 1991 among the opera- 
tors compared with the "other employment" group were 
0.85 (95% CI 0.29-2.46, 12-month symptoms) and 1.43 
(95% CI 0.55-3.71, 7-day symptoms). The unadjusted 
odds ratio for developing shoulder symptoms in 1991 
among the operators, compared with the "other employ- 
ment" group, was 0.88 (95% CI 0.33-2.37, 12-month 
symptoms) and 1.22 (95% CI 0.44-3.40, 7 - y  symp- 
toms). For the development of long lasting symptoms, 
the operators had an odds ratio of 1.46 (95% CI 0.53- 
3.99) for the neck and 0.88 (95% CI 0.28-2.75) for the 
shoulders when compared with the "other employment" 
group. Likewise, no relation was found between age or 
employment time as an operator and the risk of develop- 
ing long-lasting symptoms. In short, the analysis did not 
show the development of neck or shoulder symptoms 
among workers who had worked as a sewing machine 
operator to be significantly related to exposure, exposure 
time, or age. 

A different data analysis was used to evaluate the 
improvement from 1985 to 1991. For the neck symp- 
toms, a significantly higher risk of improvement was 
found in the "other employment" group when compared 
with the operator group, unadjusted odds ratio 3.26 (95% 
CI 1.38-7.72, 12-month symptoms) and 3.90 (95% CI 
1.28-1 1.92, 7-day symptoms). A nonsignificantly 
higher improvement was found for shoulder symptoms, 
unadjusted odds ratio 1.50 (95% CI 0.50-4.46, 12- 
month symptoms) and 2.66 (95% CI 0.84-8.46, 7-day 
symptoms). The strongest indicator of improvement of 
long-lasting symptoms was "other employment" (table 
4). Furthermore high age and high seniority as in opera- 
tor were negatively associated with the disappearance of 
long-lasting shoulder symptoms. 

Employment time and age versus musculoskeletal 
symptoms in the neck and shoulders 

In the 1985 data, no association between long-lasting 
neck or shoulder symptoms and age or employment time 
as a sewing machine operator was found. In contrast, in 
the total data material from 241 persons in 1991, we 
found rather pronounced associations between long- 
lasting neck and shoulder symptoms and employment 
time (table 5). Rather strong predictors for leaving the 
job as a sewing machine operator and obtaining another 
job were (i) being symptomatic, (ii) young age, and (iii) 
low employment time as a sewing machine operator (ta- 
ble 6). Evidently, the association between employment 
time and symptoms developed from 1985 to 1991 was 

Sew~ng mach~ne 
operator 

D i s a p p e a r a n c e  o f  A p p e a r a n c e  of 
s y m p t o m s  f r o m  s y m p t o m s  f r o m  

Neck 

1 9 8 5  t o  1 9 9 1  

Other 
employment 
(n=82) Shoulders 

1 9 8 5  t o  1 9 9 1  

Figure 1. Changes in symptom status from 1985 to 1991. [open bars = 
12-month svmotoms, hatched bar = 7-davsvmetoms, blackbar = lona- 
lasting symptoms, * = disappearance of symptbms significantly higher 
than the appearance of symptoms (McNemar's test)] 

Table 4. Risk factors f o r  improvement in long-lasting neck or  
shoulder symptoms i n  the two  groups "sewing machine opera- 
tor" and "other employment." (OR = odds ratio, 95% CI = 95% 
confidence interval) 

Disappearance of long lasting symptoms OR 95% CI 

Neck 
Employment status 
in 1991 

Sewing machine 
operator 
Other employment 

Shoulders 
Employment status 
in 1991 

Sewing machine 
operator 
Other employment 

Age in 1991 
2 35 years 
> 35 years 

Employment time as a 
sewing machine operatot 
in 1985 

< 4 years 
4-7 years 
2 8 years 

due to the disappearance of symptoms among the young 
persons who left sewing work between 1985 and 1991. 

Discussion 

In this study high prevalences of neck and shoulder 
symptoms were found among the sewing machine opera- 
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Table 5. Relation between employment time as a sewing machine 
operator and long-lasting neck and shoulder symptoms in the 
whole material in 1991. (OR = odds ratio, 95% CI = confidence 
interval) 

Employment time as a 
sewing machine operator 

< 8 years 
Neck symptoms in 1991 1 - 
Shoulder symptoms in 1991 1 - 

8-14 years 
Neck symptoms in 1991 1.07 0.44-2.63 
Shoulder symptoms in 1991 1.27 0.47-3.40 

2 15 years 
Neck symptoms 1991 2.08 0.77-5.61 
Shoulder symptoms 1991 4.28 1.47-1 2.49 

Table 6. Predictors in the two groups "sewing machine operator" 
and "other employment" for having employment other than 
sewing machine operator in  1991. ( O R  =odds ratio, 95% 
CI = 95% confidence interval) 

Predictor OR 95% CI 

Having had long lasting neck symptoms 
and long lasting shoulder symptoms 
in 1985 

N 0 1 - 

Yes 2.66 1.05-6.76 
Age in 1991 

< 30 years 1 - 
30-39 years 0.78 0.31-1.93 

40 years 0.26 0.09-0.77 
Employment time as a sewing machine 
operator in 1985 
i 4 years 1 - 
4-7 years 0.43 0.16-1.19 
8-14 years 0.47 0.15-1.45 
r 15 years 0.07 0.01-0.63 

tors, in congruence with the results of many studies 
among workers performing repetitive or sustained static 
work with their arms and hands (1-6). Of special note 
are the high 7-day prevalences of symptoms of the neck, 
shoulders, and upper back among the operators (37, 32, 
and 22%, respectively) cornpared with those found 
among a mixed group of Danish female workers (23, 23, 
and l l % ,  respectively) (22,23), whereas the prevalences 
for the other body regions were of the same magnitude 
for the two groups. Concerning the prevalence of long- 
lasting neck and shoulder symptoms among the opera- 
tors in 1985 and 199 1, our results (about 35%) are higher 
than the prevale~lces of chronic pain (about 25%) re- 
ported by Andersen & Gaardboe among present and 
former operators (1 6). They defined chronic pain as pain 
reported for a total of more than 30 days during the last 
12 months, in combination with having experienced con- 
tinuous pain for a month or more in any period after 
having started their work career. Only the first part of the 
definition corresponds to our definition for long-lasting 

syinptoms and this difference may account for higher 
prevalences. Punnett et a1 (5) defined persistent pain as 
pain which lasted for most days during one month or 
more within the past year and found 20% of the garment 
workers having persistent shoulder pain. 

An interesting question is to what extent the per- 
ceived symptoms according to the questionnaire are 
chronic clinical manifest disorders. A Swedish investiga- 
tion has shown fairly good agreement between informa- 
tion obtained by this questionnaire on 7-day prevalences 
of neck and shoulder symptoms and a clinical examina- 
tion (24). However, regarding chronicity, we have shown 
that many workers changed symptom status from 1985 
to 1991, and for Inany workers the symptoms disap- 
peared during the follow-up period, especially among 
those who quit sewing work. This was also the case for 
the long-lasting symptoms, a fact which implies that 
most of the symptoms, although long-lasting, were not 
truly chronic (ie, perlnanent). In historical cohort studies 
the prevalence of chronic symptoms has been used as a 
measure of cases occurring throughout the exposure pe- 
riod (16, 18). The implicit argument underlying the meth- 
od is that, if an outcome is chronic, it can be ascertained 
by just one (cross-sectional) data collection, which will 
identify the cases arisen throughout the follow-up peri- 
od. Although incidence rates cannot be calculated when 
the time of onset of the disease is unknown, the preva- 
lence proportion can be interpreted as the cumulative 
incidence (ie, the risk) under the assumption of chronici- 
ty. This finding shows that rigorous criteria for chronici- 
ty should be used in such studies, since severe bias call 
be introduced into risk estimates related to cumulative 
exposure measures such as employment time if the out- 
come is not truly chronic (table 4). In the present study 
the outcome defined as long-lasting symptoms according 
to the Nordic questiotlnaire proved not to be truly 
chronic. If some persons develop truly chronic symp- 
toms due to repetitive work, one would expect the symp- 
toms to be found among sewing machine operators with 
high seniority and symptoms. Oilly a few of these per- 
sons were present for the follow up study; thus the ab- 
sence of significant findings regarding this aspect should 
not be interpreted as a negative finding but as a nonin- 
formative one. The literature is inconsistent concerning 
the relationship between age or years of employment as a 
sewing machine operator and the prevalence of symp- 
toms of the neck and shoulders, some finding correla- 
tions ( 1 - 4 ,  16) and others not (5, 18,25). 

One reason for not finding an increase in symptoms 
among sewing machine operators from 1985 to 1991 
may be that the nature of the work had changed towards 
decreasing the risk factors. For instance, the decreased 
number of units produced per day, the decrease in the 
number of operators working with an efficiency rate 
greater than 125, and the decrease in work per week 
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(40 to 37 h according to legislation) are all changes which 
may lead to a decrease in the prevalence of symptoms. 
This finding agrees with other findings of a positive 
conelation between, for example, diagnosed tension neck 
symptoms and workhours per week (2). Furthermore, the 
"healthy worker effect" could account for this finding, 
since the group changing to another job had a higher 
prevalence of disorders in 1985 than those remaining as 
sewing machine operators. 

During the six-year study period, about two-thirds of 
the operators left sewing work, and among these persons 
33% reported musculoskeletal disorders as a reason, a 
finding which agrees with that of other studies. In a 
Swedish investigation of sewing tnachine operators 66% 
left their job during a three-year period and 17% stated 
that neck or shoulder problems were the main or con- 
tributory reason (2). Furthermore, in an investigation 
among female assembly workers, 26% left the job be- 
cause of pain in the musculoskeletal system (4). 

Repetitive precision work, such as operating sewing 
machines, imposes a sustained high static load on shoul- 
der muscles (6). The static load was monitored using 
electromyography (EMG) and amounted to around 10% 
of the maximal muscle strength in a workplace study 
including 30 operators representatively selected among 
those participating in the present questionnaire study in 
1985 (26). EMG signs of muscle fatigue were also found 
during the workday. The significant decrease in symp- 
toms from the neck, shoulder, and upper back in the 
"other employment" group was likely to have been 
caused by a change in the load on the neck and shoulder 
muscles, since the development of symptoms from all 
other parts of the body were independent of their em- 
ployment in 1991. Judged by the job title, some of the 
worlters in the "other employment" group also performed 
repetitive tasks, but the exposures in these jobs were not 
ascertained in the questionnaire, and they may have at 
least to some extent caused a significant change in the 
muscle load pattern. However, some misclassification is 
likely to have occurred when this group was considered 
unexposed with respect to repetitive work in 1991, and 
this possibility may explain the lack of significance for 
some of the analysis between the exposed and unexposed 
persons. Findings of Jonsson and his co-workers (14) 
support our results concerning the possibility of a job 
change influencing neck and shoulder symptoms. In a 
two-year follow-up study of female workers in the elec- 
tronics industry, about 50% of the walkers changed to a 
nonrepetitive job after one year. The strongest predictor 
for improvements in neck and shoulder symptoms dur- 
ing the second year was allocation to a more varied work 
task. 

Job rotation is a widely recommended form of inter- 
vention for introducing variation into repetitive and mo- 
notonous muscular work. From the present results it can 

be seen that the problems cannot be solved by changing 
from one sewing machine to another, probably because it 
hardly gives any variation in the work pattern. Since the 
sustained static load is an important risk factor for devel- 
oping neck and shoulder symptoms, there is an urgent 
need to reduce the time with this load component. Kam- 
wendo et a1 (3) found a higher prevalence of shoulder 
symptoms when medical secretaries worked more than 
5 h a day with an office machine. In the present study, 
collecting and delivering one's own materials did not 
reduce the prevalence of symptoms very much although 
it created a break with dynamic work, but the time spent 
with these tasks was short compared with the daily hours 
of sewing work. Therefore, to obtain real changes in 
work posture and work mode, the complete work process 
must be reorganized so that the time spent at the sewing 
machine by each operator decreases and the time spent 
performing other tasks where the whole body is used in a 
dynamic way increases. 

In conclusion, sewing machine operators suffer from 
high prevalences of neck and shoulder symptoms. Al- 
though long-lasting, these symptoms may disappear after 
a change in occupation. This is true especially for young 
sewing machine operators with short seniority. The find- 
ings strongly support further attempts to reorganize re- 
petitive work into a more varied work pattern. 
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