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Summary. Physiological responses to physical work
were assessed for 29 female industrial sewing-machine
operators during an 8-h working day under ordinary
working conditions. During sewing-machine work, the
average (left and right) static load in the trapezius mus-
cle was 9% of the maximal electromyogram (EMG)
amplitude (% EMGy,.,), while the average mean load
was 15% EMG,,.x. and the average peak load was 23%
EMG.,. The static load level was unrelated to the
muscle strength of the sewing-machine operators,
which for the group as a whole was within the normal
range. The load levels remained unchanged during the
working day, while changes in the EMG mean power
frequency and zero crossing frequency rate occurred,
both indicating the development of muscle fatigue in
left and right trapezius muscle during the working day.
In line with this, the rating of perceived exertion in the
shoulder and neck region increased during the working
day. Dividing the group of sewing-machine operators
into two groups, those with the highest frequency and
those with the lowest frequency of shoulder/neck trou-
bles showed that the former group had significantly
lower muscle strength, despite the fact that no differ-
ences in the surface EMG during sewing were found
between the two groups. It was concluded that indus-
trial sewing-machine work involves a pattern of
shoulder muscle activity which induces fatiguing proc-
esses in the shoulder and neck regions. Furthermore,
since the static shoulder muscle load was independent
of muscle strength, factors other than working posture
may be of significance for the static shoulder muscle
load.

Key words: Repetitive work — Static load - Electro-
myogram — Muscle fatigue — Shoulder/neck troubles

Introduction

The occurrence of musculoskeletal disorders and com-
plaints of discomfort in the shoulder and neck region

Correspondence to: B. R. Jensen

in sewing-machine operators has been reported to be
high with the occurrence of symptoms over the last 12
months being approximately 75% (Sjggaard et al.
1988; Blader et al. 1991). In general, the occupations in
which the occurrence of shoulder and neck symptoms
are frequent demand high precision with a high rate of
repetition, and requiring the elevation of the arms for
long periods (Kvarnstrom 1983; Christensen 1986;
Blader et al. 1991). A large number of studies have ad-
dressed these issues during the recent decades (Kade-
fors 1978; Jonsson 1982; Sigholm et al. 1984; Christen-
sen 1986; Veiersted et al. 1990), but only few studies
have measured the responses throughout an 8-h work-
ing day.

It has been suggested that prolonged static contrac-
tions are a significant factor in the development of
work-related muscle fatigue and symptoms. To quanti-
fy and demonstrate muscle load and the development
of muscle fatigue, surface electromyogram (EMG) has
often been used (Lindstrom et al. 1977; Jonsson 1978).
The EMG changes such as the shift of EMG power
spectrum to lower frequencies during isometric con-
tractions has been used as an indicator of local muscle
fatigue (Kwatny et al. 1970; Viitasalo and Komi
1975).

Measurements of EMG, muscle strength, anthro-
pometry and work station dimension were combined in
the present study to assess the responses during indus-
trial sewing. The specific purpose was to measure
shoulder muscle load during industrial sewing and to
investigate whether shoulder muscle fatigue, indicated
by electrophysiological signs of fatigue, developed dur-
ing the working day and, in addition, to measure to
what extent muscle load during sewing is related to
muscle strength. The sewing-machine operators were
divided into two groups in an attempt to identify possi-
ble differences between those with a high frequency of
shoulder/neck symptoms and those with a lower fre-
quency.
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Methods

Subjects

A group of 30 sewing-machine operators consented to participate
in the present study after being informed about the conditions of
the experiments. This subgroup was selected from a larger group
of 303 female sewing-machine operators, who all participated in a
questionnaire survey where the standard Nordic questionnaire
on musculoskeletal symptoms was used in combination with spe-
cific questions about their working conditions (Kuorinka et al.
1987; Sjggaard et al. 1988). The sewing-machine operators an-
swered questions regarding trouble (ache, pain and discomfort)
arising in the shoulder and neck region. Over the previous 12-
month period the occurrence of reported troubles from the
shoulder and/or neck had been 73% (Sjggaard et al. 1988). The
mean age of the 30 subjects studied was 36 (range 20-63) years,
their mean body mass was 65 (range 45-90) kg and their mean
body height was 165 (range 155-176) cm. With respect to muscu-
loskeletal symptoms, age, body mass and body height, they were
representative of the larger group.

The 30 subjects were divided in two groups according to their
answers to the following question: “what is the total length of
time that you have had shoulder or neck troubles during the last
12 months?” Half of them answered more than 7 days [high trou-
ble group (HT)] and the rest less than 7 days [low trouble group
(LT)]. The LT group was reduced to 14 subjects because 1 drop-
ped out early in the experiment. No differences regarding age,
body mass, or seniority between the two groups were found.

Working conditions

The subjects were employed at three Danish textile factories hav-
ing different levels of technology. They worked for 39 (30-40) h
each week, the seniority was 13 (5-40) years and they were paid
on piece rates. They worked in a sitting position and operated the
same type of sewing-machine every day. No rotation among dif-
ferent work stations occurred. The work was composed of short
work cycles, with an average duration of less than 1 min for 70%
of the sewing-machine operators, corresponding to at least 400
pieces of cloth every day. The duration of the morning and after-
noon work cycles was similar, indicating a constant work intensity
during the day. This was tested on a smaller group of 10 sewing-
machine operators. The work stations were individually adjusted
to body size and most of them had their own lighting. Working
height for the hands was just above the working table and the
operators could not relax their arms on the table since their tasks
demanded continuous movements of the hands relative to the ta-
ble.

Procedure

Day 1. Anthropometric data and work station dimensions were
measured. In addition, maximal isometric voluntary contraction
(MVC) during shoulder flexion, shoulder elevation, trunk exten-
sion, and trunk flexion was measured. At least 3 days were al-
lowed between 'day 1 and day 2.

Day 2. When the workers arrived at the factory in the morning,
EMG and electrocardiogram electrodes were mounted and MVC
(shoulder flexion) was recorded simultaneously with maximal
voluntary EMG amplitudes (EMGy,.,). The EMG was recorded
from 21 subjects employed at two of the factories. To evaluate
shoulder muscle load during the working day, EMG signals were
recorded for seven periods of typical work at the sewing-ma-
chines. These recordings were performed, approximately once an
hour, with four recordings before and three after lunch. The first
recording in the morning took place after approximately 20 min

of work. Each recording period had a minimal duration of
10 min. In addition, submaximal isometric test contractions by
the shoulder muscles were performed. Test 1 was performed in
the morning after approximately 30 min of work, test 2 just be-
fore lunch and test 3 at the end of the working day. Finally, a few
rhythmic arm movements in the sagittal plane were performed,
moving the arms from 180° shoulder flexion (forward) to 60°
shoulder extension (backward) with a frequency of approximate-
ly 0.5 Hz.

Blood pressure and rating of the perceived exertion (RPE) in
the shoulder region were measured at the end of work period 1, 4
and 7. In addition, RPE was measured after 1 and 2 min in the
test contractions.

At the end of the working day EMG,,,, and MVC (shoulder
flexion) were remeasured. The total experimental intervention
caused a reduction in working time of 90 min in the normal 8-h
working day.

Anthropometry and work station design

To relate body size to the work station dimensions for each indi-
vidual, the following was measured: body height, sitting height
(from chair to top of head), upper arm length and distance from
seat of the chair to acromion. At the work stations, the height of
the working table, thickness of the working table, chair height
and height of the foot support were measured. In addition, pho-
tographs, in the sagittal plane, of typical work positions were tak-
en. These photographs were used for measuring neck inclination
in relation to the vertical axis and to measure the distance from
the eyes to the needle.

RPE, heart rate, and blood pressure

During sewing-machine work, as well as during the test contrac-
tions, RPE related to the shoulder and neck region was recorded
for the workers, using a 10-level scale (Borg 1982). Heart rate
was measured precordially and continuously sampled on a Me-
molog (Novo). Blood pressure was measured with the cuff tech-
nique at heart level.

Muscle strength and test contraction

The MVC were measured with strain gauge dynamometers. The
best of three trials for each type of contraction was chosen as the
maximal value. Bilateral shoulder elevation strength was per-
formed with the subjects in a standing position while elevating
their shoulders against straps, which were fixed to the floor.
Shoulder flexion strength and test contractions were performed
in a standing position with 90° shoulder flexion, elbows straight
and palms facing the floor. During shoulder flexion a strap was
applied just proximal to the elbow joints at the centre of gravity
of the arms (Pheasant 1986). During test contractions, a 2-kg load
was placed just proximal to each elbow joint and the duration of
each test contraction was 2 min. The relative load during the test
contractions was calculated as (2+a)-9.81-100+[s+(9.814)] ~*.
Arm mass (@) was calculated as 5% of the body mass. The unit of
shoulder flexion strength (s) is given in newtons. The lever arm
was measured as the distance from acromion to the centre of the
strap and used to calculate the external shoulder flexion torque.
Shoulder flexion torque was calculated by adding the shoulder
torque due to the arm mass to the external shoulder flexion tor-
que.

Electromyography

The myoelectric signals were picked up by means of bipolar sur-
face electrodes (Medicotest-A-10-VS, Ag/AgCl) which were



placed above left and right trapezius pars descendens muscle and
left infraspinatus muscle with a distance of 2 cm between the re-
cording areas. The signals were transmitted using commercially
available telemetric equipment (Medinik IC-600-C) and stored
on a tape recorder (Briiel and Kjaer 7005). During recording, the
quality of the signals was checked on an oscilloscope (Leader
LB0-3088S) and later the recorded EMG were displayed on paper
(Siemens-Elema Mingograf 4) for further signal quality control.
Recordings were abandoned if visible noise was present. This oc-
curred especially for recordings from the infraspinatus muscle
due to movements of the skin relative to the muscle.

The EMG recordings from the sewing periods were low-pass
filtered actively at 450 Hz, rectified and smoothed (time constant
0.1s) and finally sampled with a frequency of 128 Hz into a
HP1000 computer. Amplitude probabulity distribution functions
(APDF) were calculated for the seven periods of work. From
each 10-min period, 3-min EMG recordings were analysed when
operating the sewing-machine only. In addition, one 10-min peri-
od was analysed for each operator, when they also performed
other operations for short periods as part of their work, such as
cleaning the machine, picking up things from the floor, and writ-
ing. The amplitude level was expressed relative to EMG,,,, am-
plitude as a percentage of EMGu,ay (% EMGiux). For the APDF,
a probability level of 10% (P=0.1) was considered to represent
the static load. 50% (P =0.5) to represent the mean load, and
90% (P=0.9) to represent the peak load (Jonsson 1978).

For comparison of the sewing-machine work with other kinds
of contractions. APDF was also calculated for the test contrac-
tions and when the workers performed the rhythmic arm move-
ments.

The EMG recordings from the 2-min test contractions were
actively low-pass filtered and sampled with a frequency of
1024 Hz into the HP1000 computer. During the sampling each
test contraction was divided into 25 segments of 2-s duration with
pauses of 2 s in between. Two periods of 10-s duration, one at the
beginning and one at the end of the test contraction were ex-
cluded. Fast Fourier transform algorithm was applied to each seg-
ment to obtain the power spectrum. from which mean power fre-
quency (MPF) was calculated as described by Kwatny et al.
(1970) and power root mean square amplitude (prms,,,) were
calculated as the square root of the total spectrum energy. In ad-
dition, raw EMG was used to calculate zero crossing frequency
(ZF) and root mean square amplitude (rms,mp). Finally, linear
regression lines were fitted to each parameter to describe the
time dependent development during each test contraction.

Statistics

The Wilcoxon matched-pairs signed-ranks test was used to test
differences between the left and right trapezius muscle. The
Mann-Whitney U-test was used to test differences between
groups of subjects. Two-way analysis of variance (the Quade test)
was used to test differences between the fatigue parameters from
the three test contractions and Spearmans p was used to obtain
rank correlations (Conover 1980). In addition, coefficient of cor-
relation (r) was calculated for the muscle load during sewing and
muscle strength as well as for anthropometric data and work sta-
tion dimensions. All statistical comparisons were tested with a
significance level of P<0.05. Changes described in the text, e.g. a
decrease or an increase, are significant.

Results
Muscle strength

The average MVC values are presented in Table 1. No
significant differences were found between the left and
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Table 1. Maximal muscle strengths and shoulder flexion torques
of 29 subjects

Test Mean SD  Range
Trunk flexion 38N 116 170-580N
Trunk extension 451N 140 200-760 N
Shoulder elevation (right) 403N 121 180-610N
Shoulder elevation (left) 367N 107 150-574 N
Shoulder flexion (right) 158 N 34 73-218 N
Shoulder flexion (left) 151N 38 75-222 N
Shoulder flexion (right) 35N'm 9 18- 56 N'm
Shoulder flexion (left) 34N'm 9 19- 49N-m

Table 2. Maximal muscle strengths compared among the 14 sub-
jects in LT and the 15 subjects in HT

Test Mean SD Range

Shoulder elevation (right) (LT) 411N 102 250-600 N
Shoulder elevation (right) (HT) 395N 139 150-610N

Shoulder elevation (left) (LT) 392N 99 250-575N
Shoulder elevation (left) (HT) 344 N°® 112 150-500 N
Shoulder flexion (right) (LT) 173N 30 138-218N
Shoulder flexion (right) (HT) 144 N*® 32 73-202N
Shoulder flexion (left) (LT) 166 N 33 115-215N
Shoulder flexion (left) (HT) 137 N 38 75-202N
Shoulder flexion (right) (LT) 39N'm 9 28 56N
Shoulder flexion (right) (HT) 32N-m* 8 18 40N-'m
Shoulder flexion (left) (LT) 37N'm 8 24~ 49N-m
Shoulder flexion (left) (HT) 30N-m* 9 18- 44N'm

® High trouble group (HT) was weaker than low trouble group
(LT)

® Muscles on the left side are weaker compared to those on the
right side

the right side, either during shoulder flexion or during
shoulder elevation. Significant differences in muscle
strength and torque between the two groups of work-
ers were found during shoulder flexion, HT being
weaker in the left shoulder compared to LT (Table 2).
Within HT a significant difference was found between
the left and the right side during shoulder elevation,
the muscles on the left side being weaker compared to
those on the right side (Table 2). No differences in
muscle strength were found when measured in the
morning and at the end of the working day.

Anthropometry and work station design

Average body height of the sewing-machine operators
was 165 (range 155-176) cm, sitting height was 87
(range 81-94) cm, chair seat to acromion was 58 (range
54-62) cm, and upper arm length was 33 (range 28-37)
cm. Working table height was 79 (range 74-83) cm,
chair height was 56 (range 52-66) cm, the thickness of
the working table was 5 (range 4-7.5) cm and the
height of the foot support was 8 (range 6-11) cm. By
combining the data above, it can be calculated that

1. Average working height was 2 cm less than average
elbow height and
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46°(25°-65")

Fig. 1. Neck angle and distance
from eyes to needle during
sewing

2. Distance from chair seat to the underside of the
working table was 24 cm. In addition, positive and sig-
nificant correlations were found between body height
and height of the table (r=0.6; y=0.26x+29) and be-
tween body height and chair height (»=0.5;
y=0.46x—26). The neck angle in relation to vertical
and the visual distance from eyes to needle is shown in
Fig. 1.

Response to sewing work

During sewing-machine work, mean loads (P=0.5) in
the left and right trapezius muscles were 16% and 14%
EMGy,,.,, respectively. The static contraction level
(P=0.1) in the left and right trapezius muscle was 9%
EMG,,.x- The peak loads (P=0.9) were 25% and 21%
EMG,,.x for the left and right trapezius muscles, re-
spectively. The mean, static and peak load in the infra-
spinatus muscle during sewing were 9%, 4%, and 20%
EMG ax, respectively (Fig. 2). The APDF from the in-
fraspinatus muscle during sewing was based on only 4
operators. They were therefore considered to be addi-
tional measurements. No changes of the static, mean
and peak loads were seen in any of the muscles investi-
gated during the working day. No differences were
found in any of the periods analysed between HT and
LT.

During the 10-min period, including sewing and ad-
ditional kinds of operations, the mean load was similar
to the mean load during sewing, while the static load
decreased from 9% to 8% EMGy,.y in the left trape-
zius muscle and from 9% to 7% EMGy,., in the right
trapezius muscle. Furthermore, the peak load in-
creased from 25% to 29% EMG,.x in the left trapezius
muscle and from 21% to 23% EMG,,., in the right tra-
pezius muscle.

A typical example of an APDF curve calculated
from the EMG recording during sewing is shown in
Fig. 3A. The shape of the APDF profile during sewing
and during the static test contraction (Fig. 3B) was sim-
ilar, although the operators moved their arms when
performing the tasks. A completely different APDF
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Fig. 2. Average values of amplitude probability distribution func-
tions (APDF) from left trapezius muscle (n=17), right trapezius
muscle (n=21) and left infraspinatus muscle (n=4) from seven
periods of work at the sewing-machines. Each bar (numbered 1-
7) represents one work period. (A) shows the static load
(P=0.1), (B) the mean load (P=0.5) and (C) the peak load
(P=0.9). Vertical error bars are SEM. % EMG,.,, Percentage
maximal electromyogram

profile was found during dynamic contractions of the
shoulder muscles performing rhythmic arm movements
(Fig. 30).

A weak, but significant correlation was seen be-
tween the mean load and the maximal shoulder eleva-
tion strength (left trapezius muscle, r=0.5;
y=2730—-0.03x and right trapezius muscle, r=0.6;
y=24.50—-0.02x), whereas the static load was indepen-
dent of the maximal shoulder muscle strength. No dif-
ferences were found between the two groups of work-
ers (Fig. 4).

Systolic blood pressure was 128 (range 105-170)
mmHg [17.1 (range 14.0-22.7) kPa], diastolic blood
pressure 85 (65-100) mmHg [11.3 (range 8.7-13.3)
kPa] and heart rate averaged 86 (range 68-108)
beats-min ~*. Blood pressure and heart rate remained
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Fig. 3. The APDF calculated from a typical EMG recording (tra-
pezius muscle) during sewing (A), during the static test contrac-
tion (B). and dynamic contractions (C). The APDF profile during
sewing shows the static characteristics of sewing-machine work.
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Fig. 5. Rating of perceived exertion (RPE) in the shoulder/neck
region. Filled symbols are average values during sewing period 1,
4. and 7. Small asterisks denote changes in relation to initial val-
ues (Sew 1). The open symbols are average values during test
contractions at 1 min and 2 min. Large asterisks denote changes
during the tests. Vertical bars are SEM
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Fig. 4. The electromyogram (EMG) recorded from left (square
symbols) and right (round symbols) trapezius muscle in relation
to maximal shoulder elevation strength. Open and filled symbols
represent low trouble group and high trouble group, respectively.
(A) Static load. (B) Mean load

unchanged during the working day. Also, EMG,,,, am-
plitudes measured in the morning and at the end of the
working day were unchanged.

The RPE ratings increased during the working day
for both groups of workers from 1 (range 0-4) (very
weak) in the morning to 2 (range 1-4) (weak) just be-
fore lunch and finally to 3 (range 0-7) (moderate) at
the end of the working day (Fig. 5). Also during each
of the three test contractions, the RPE ratings in-
creased. During test 1, RPE was 3 (range 1-5) after
1 min and 5 (range 1-10) (strong) after 2 min. During
test 2 the corresponding values were 4 (range 0-7)
(somewhat strong) and 6 (range 0-10) and during test
3, RPE were 5 (range 0-10) and 7 (range 0-10) (very
strong).

Response to test contractions

The average relative load during the test contractions
was 32% (20-47) MVC. Only 1 subject was unable to
sustain the 2-kg load for 2 min. The relative load for
this subject was 47% MVC.
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Fig. 6. The electromyogram (EMG) during the test contractions.
Open symbols are right trapezius muscle (n=19) and filled sym-
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mean square amplitude; prms,.,, power root mean square ampli-
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Figure 6 shows that EMG signs of muscle fatigue
developed during the working day in the trapezius
muscle. Thus, the average MPF and ZF calculated
from each of the three test contractions decreased
from test 1 to test 2 and remained unchanged from test
2 to test 3 for both the left and right trapezius muscles.
In all three tests MPF and ZF of both the left and right
trapezius muscle were highly correlated (Table 3). In
addition, in the right trapezius muscle the amplitude
(PrmSamp and rms,y,,) increased from test 1 to test 2
and remained unchanged from test 2 to test 3 (Fig. 6).
No differences in the EMG results were seen between
the two groups of workers.

Discussion

Some EMG signs of muscle fatigue developed in the
left and right side of the trapezius muscles of the oper-
ators during the working day. This was found in spite
of the anthropometric data and maximal muscle
strengths being within normal range (Asmussen and
Heebgll-Nielsen 1962; Kilbom and Persson 1985; Nico-
laisen and Jgrgensen 1985; Grandjean 1986).

By comparing the test contractions during the day it
is, however, remarkable that the frequency content of
the power spectrum was shifted towards lower fre-
quencies during the morning, while it remained un-
changed during the afternoon. A similar MPF pattern
during the working day has been found in the triceps

Table 3. Correlation coefficients (p) between mean power fre-
quency and zero crossing frequency during test contractions

Trapezius muscle (left) Trapezius muscle (right)

Test 1 p=0.94 p=0.92
Test 2 p=0.95 p=0.97
Test 3 p=0.97 p=0.97

brachii muscle during 7 h of monotonous intermittent
work at a mean work load of 14% MVC and in the low
back muscles of bricklayers (Jgrgensen et al. 1988,
1991). The RPE scores during sewing work, as well as
the test contractions, increased during the working
day, supporting the findings of EMG signs of muscle
fatigue.

The physiological mechanisms behind the EMG
changes during fatiguing contractions are still a matter
of debate. The possible explanations have included
synchronization of the active motor units and changed
motor unit recruitment patterns (Person and Kudina
1972; De Luca and Forrest 1973a, b; Broman 1977; Lip-
pold 1981; Maton 1981; Kato et al. 1981). Another fac-
tor is a decrease in muscle fibre conduction velocity
due to changes in shape of motor unit action poten-
tials. It has been suggested that the main reason for the
MPF decrease is a decreasing muscle fibre conduction
velocity (Lindstrom et al. 1970, 1977). However, results
from recent studies question the significance of con-
duction velocity decreases at low contraction levels
(Zwarts and Arendt-Nielsen 1988; Krogh-Lund and
Jgrgensen 1991). Therefore, conduction velocity de-
creases may not be of significance for the signs of
EMG fatigue resulting from sewing-machine work.

It has been suggested that not only MPF but also
ZF rate can be used as an index of muscle fatigue. In
this study, simultaneous calculations of the MPF and
ZF rate illustrated a high degree of covariation be-
tween the two parameters and thus comparison of
studies where these two different methods have been
used separately are possible.

In this study the static load in the trapezius muscle
was approximately twice the level which, according to
previous recommendations, should not be exceeded
during an 8-h working day (Jonsson 1978). Over the
last 10 years, some studies have indicated that even a
limit of 2-5% MVC is too high, and that maximally 1%
MVC is acceptable, while others have suggested that
even no static load at all is acceptable if sustained for
hours (Aards 1987; Westgaard 1988).

The variations in muscle activity, indicating the de-
gree of dynamic muscle activity, have been measured
as the difference between peak and static muscle load
(Sundelin and Hagberg 1992). A difference of 27% for
the trapezius muscle has been found in a standardized
repetitive work simulation task where small cylinders
were grasped and then released through a hole in the
table (Sundelin and Hagberg 1992). In the present



study, an even smaller variation of 12% and 14% for
the right and left trapezius muscle, respectively, was
found. When the additional operations were being per-
formed, the variation in muscle activity increased to
16% for the right and 21% for the left trapezius mus-
cle, indicating a more dynamic muscle activity pattern.
However, it has been shown that the EMG signs of
muscle fatigue develop similarly during continuous dy-
namic contractions without any rest periods and during
sustained static contraction at similar contraction level.
In contrast to this, intermittent contractions have been
shown to be less fatiguing than sustained static contrac-
tions (Bjorkstén and Jonsson 1977; Jensen and Sjg-
gaard 1988). It is therefore suggested that rest periods
without muscle activity in the trapezius muscle are of
importance in preventing the development of muscle
fatigue during industrial sewing.

In the present study the static, mean and peak load
in trapezius muscle remained unchanged during the
working day. In accordance with this, the duration of
the work cycles was similar in the morning and in the
afternoon, indicating that the work intensity was con-
stant during the day, as measured on a subgroup of 10
sewing-machine operators.

Elevation of the arms and stabilization of the
shoulder region imposed a static shoulder muscle load
during work. It is noteworthy that the static load dur-
ing sewing was independent of muscle strength. This
would indicate that not only the body posture but also
other factors are of significance for the static muscle
load during industrial sewing. It has previously been
demonstrated that muscle tension in the trapezius mus-
cle may be provoked by nonpostural loads, such as ac-
curacy, increased speed of work, and stress (Westgaard
and Bjgrklund 1987; Wersted et al. 1987). It is, there-
fore, likely that the static load as measured during in-
dustrial sewing was caused by a combination of a
working posture with elevated arms and additional de-
mands, such as high precision, visual and mental de-
mands.

The present work station dimensions and anthro-
pometric data were evaluated in relation to recom-
mended dimensions in work place design (Grandjean
1986). The distance from elbow to work table is recom-
mended to be a few centimetres for sedentary work. In
the present study, this distance was 2 cm. Also, work
table and chair height, distance from chair seat to the
top of and underside of working table were in accor-
dance with the recommended guidelines. Furthermore,
at an individual level, fitting the work station dimen-
sions to the worker’s anthropometry is of importance.
In the present study a significant relationship was
found between body height and height of the working
table and between body height and chair height. Thus,
the results show that the work stations were adjusted
to the sewing-machine operators. This was also sup-
ported by direct observation of the work stations. It
would therefore seem unlikely that any design improv-
ements for the work stations could further reduce the
static shoulder muscle load to any great extent. How-
ever, the average neck inclination of 46° was much
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larger than that recommended (Andersson et al. 1983;
Grandjean 1986) and close to the maximal range of
flexion motion in the cervical spine (Bennett et al.
1963; Lind et al. 1989). The posture of the cervical
spine has been shown to be related to the load on the
neck and shoulder muscles (Schiildt et al. 1987; Hag-
berg and Hagberg 1989). Biomechanical calculations
have shown that an inclination of 46° as measured in
this study corresponds to 15%-20% of the maximal
neck extension strength (Hagberg and Hagberg 1989).
This may be of significance for the development of
muscle fatigue and neck disorders since the position of
the head is maintained for hours.

Although the shoulder muscle strength of the oper-
ators was within normal range, the present investiga-
tion showed that HT was slightly but significantly
weaker than LT. It has previously been shown by
Kvarnstrom (1983), that workers with shoulder/neck
troubles in the manufacturing industry had a lower
shoulder muscle strength compared to healthy work-
ers. The question is, then, whether a low shoulder mus-
cle strength increases the risk for developing shoulder/
neck troubles or if, on the contrary, work related
shoulder/neck troubles may result in a lowered should-
er muscle strength. A prospective study has shown that
a high shoulder muscle strength does not prevent the
development of work related shoulder/neck troubles in
the electronics industry (Kilbom and Persson 1985; Kil-
bom 1988). Furthermore, it has been shown that
shoulder muscle strength capability does not affect the
fatigue or discomfort perceived during longterm manu-
al performance tasks where strength demands are low
(Wiker et al. 1990). Based on these findings it is likely
that the development of shoulder/neck troubles results
in a decreasing shoulder muscle strength, which may
be due to acute pain reflex inhibition and/or more
chronic morphological changes in the soft tissue (Harg-
ens et al. 1981; Lindman et al. 1991).

A history of shoulder/neck troubles for more than 7
days within the last 12 months was not reflected in the
surface EMG recorded from the trapezius muscle. The
cause may be the small differences with respect to
shoulder/neck troubles between the two groups of sub-
jects in this study. Therefore, this study does not rule
out the possibility that acute and/or more severe symp-
toms may change the surface EMG relative to a group
without such symptoms as has been indicated by Suur-
kiila and Hagg 1987.

In conclusion, repetitive precision work, such as op-
erating sewing-machines, imposes a high static load on
shoulder muscles and EMG signs of muscle fatigue de-
velop during the work day, although the present study
would indicate that the work stations were adjusted to
each individual. Furthermore, the static load was inde-
pendent of muscle strength, indicating that factors oth-
er than working posture are of significance for the stat-
ic load. Prevention of work-related musculoskeletal
disorders call for work-organizational changes in the
jobs, which would ensure more variation in working
movements and thus distribute the load over more
muscles during the working day.
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