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Objectives   This study focused on determining whether musculoskeletal and psychological complaints reported
monthly over a 4-month period predicted muscular activity during and immediately after standardized worktasks
and whether muscular activity during and immediately after these tasks predicted changes in complaint severity
in the following 12 months.
Methods   Surface electromyography (EMG) was recorded bilaterally from the upper trapezius, middle deltoid,
and forearm extensor muscles of 45 postal workers (30 women) during sustained submaximal (25% of peak
force) isometric contractions (wrist extension and shoulder abduction). Self-reported health complaints were
recorded monthly. Musculoskeletal and psychological complaint-severity indices (MSI and PI, respectively)
were computed from complaint-severity scores (intensity score × duration score). The history of complaints over
the previous 4 months was included in adjusted regression models to predict muscular activity during and
immediately after submaximal contractions. Muscular activity was included in adjusted models to predict
changes in the complaint severity over the subsequent 12-month period.
Results   A higher MSI predicted a lower EMG level in the trapezius muscle during submaximal contractions
(P<0.014), whereas the PI did not predict the level of EMG in any of the muscles studied (P>0.194). The EMG
activity did not predict changes in the complaint severity over the subsequent 12 months.
Conclusions   These findings may support the hypotheses of pain adaptation or the dysfunction of synergistic
muscular control in relation to musculoskeletal complaints. However, the findings did not indicate that increased
or decreased muscular activity is a risk factor for heightened levels of complaints in the subsequent 12 months.
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The main objective of our study was to determine
whether the severity of musculoskeletal or psychologi-
cal complaints is related to muscular activity during
standardized submaximal isometric work. The relations
were studied in prospective designs.

Epidemiologic evidence suggests that static work is
among the most common risk factors for musculoskeletal
complaints (1, 2). The pathogenesis of musculoskeletal
complaints is still largely unknown (3–7), although it is
likely to involve a multifactor etiology that varies from
person to person. It has been assumed that muscular pain
and increased muscular activity or stiffness are related.
[For definitions see the article by Simons & Mense (8).]
This view seems to stem from the hyperactivity model,

which proposes that “pain is a consequence of a sustained
spasm of skeletal muscle [p 422]” (9). Later models have
proposed a self-perpetuating vicious circle in which pain
and muscular activity or stiffness amplifies each other (10,
11). Lund and his co-workers (12) questioned vicious cir-
cle models and suggested the pain-adaptation model, in
which reflex adaptations associated with pain involve de-
creased motoneuron output to nearby muscles that act as
agonists and increased motoneuron activity to nearby an-
tagonists. The pain adaptation may serve the purpose of
immobilizing the painful, affected body part. According
to the neuromuscular activation model, pain causes inhi-
bition or delayed activation in specific muscles or muscle
groups with key synergistic functions (13).
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Building on the proposed mechanisms and on pre-
viously published epidemiologic evidence, we used a
prospective design to investigate whether the average
severity of musculoskeletal complaints over an extend-
ed period and muscular activity during and immediate-
ly after submaximal contractions are related. We chose
to assess the activity of the trapezius, deltoid, and fore-
arm extensor muscles by electromyography (EMG) to
examine muscles of body regions with a high prevalence
of complaints (14, 15). Furthermore, we were interest-
ed in investigating responses in a working population
including workers with and without complaints. The par-
ticipants were thus typical of those often used as con-
trols in case–control studies.

From prospective studies on neck and back pain,
Linton (16) concluded that anxiety, depression, distress,
and related emotions are strongly associated with pain
and disability. However, no link between psychologi-
cal complaints and muscular activity has been estab-
lished, even though experimental studies [eg, that of
Wærsted & Westgaard (17)] have found increased mus-
cular activity in association with mental stressors. There
is a shortage of studies on the relation between psycho-
logical factors and muscular activity during sustained
submaximal contractions. We were interested in whether
the heightened levels of muscular activity during cog-
nitive tasks in sedentary work situations (17) also occur
during submaximal contractions in workers with psy-
chological complaints. In addition, we sought to de-
termine whether muscular activity during and immedi-
ately after submaximal contractions predicts changes in
the severity of psychological and musculoskeletal com-
plaints over time. The postcontraction relaxation abili-
ty is thought to be important in the development of mus-
culoskeletal disorders (18). In chronic pain patients, in-
creased muscular activity has been observed [eg, by El-
ert et al (19, 20) and Fredin et al (21)] during relaxation
phases in dynamic activity, which also indicates a rela-
tion between complaints and the ability to relax the mus-
cles.

Standardized sequences of muscular contractions al-
low more control than normal occupational settings over

biomechanical challenges or other external conditions
likely to cause variability in muscle responses. Hence
we subjected workers to standardized laboratory se-
quences of shoulder abduction and wrist extension con-
tractions until exhaustion. With this type of work, the
initial phase may represent the response to the workload,
and the final phase may represent the physiological re-
sponse to fatigue. We therefore examined both the mus-
cular activity in the first 40 seconds and final 5 seconds
before exhaustion and how these measures of muscular
activity related to complaints.

In designing this study, we asked the following two
questions: (i) do musculoskeletal or psychological com-
plaints during a 4-month period predict the subsequent
endurance time of sustained submaximal contractions
and muscular activity levels during and immediately af-
ter subsequent contractions and (ii) do the levels of mus-
cular activity during or immediately after submaximal
contractions predict changes in the severity of muscu-
loskeletal or psychological complaints over the subse-
quent 12-month period?

Study population and methods

Study design

The study was part of a large prospective study on postal
workers, in which data were collected over almost 3
years (22). The present data (figure 1) were obtained
from one laboratory work session performed for each
participant in the period July to September 1997 (force,
endurance time, and EMG measurements) and monthly
health-complaint reports collected over 16 consecutive
months (4 months preceding and 12 months after the
laboratory work session). The forms used for the health-
complaint reports were distributed at the workplaces
each month. They were mailed to those on long-term
sick leave and to those who left the post offices during
the study period. The Regional Ethical Committee for
Medical Research approved the study.

Figure 1. Flowchart of the categories used in
the study. (EMG = electromyography)
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Study population

All counter staff in 11 post offices in Oslo were invited
to participate in the main study. The inclusion criteria
were permanent employment at a post office, working
at least 19 hours a week, counter service as the main
work function, and age less than 61 years. The exclu-
sion criteria were any known systemic disease, pregnan-
cy, or participant’s self-reported inability to maintain a
seated position for 3 hours. Experiments were conduct-
ed only when the workers had no vacation or sickness
absence in the preceding week and had been at work
for the preceding 3 days.

Written, informed consent was acquired from 104
subjects (67 women) of the 116 employees who met the
inclusion criteria. During the interval between the work-
er inclusion and the laboratory experiment in 1997, some
workers were excluded because of altered employment
or work functions (28 persons), pregnancy (7 persons),
sick leave certified by a physician (6 persons), or lower
back pain (2 persons); 1 person also withdrew. Of the
60 remaining workers, we included 45 (30 women) who
worked at the nine post offices nearest the laboratory.
Eight persons (7 women) participating in the experi-
ments dropped out during the following 12 months, six
due to altered employment or work functions, one be-
cause of unease with the experiments, and one due to
pregnancy.

The 30 women had a median age of 34 (range 27–
56) years, a median body weight of 66.5 (range 47–107)
kg, a median body height of 165 (range 157–180) cm,

and a median body mass index (BMI) of 23.3 (range 16.9–
34.5) kg/m2. For the 15 men, the respective medians were
34.5 (range 29–49) years, 80 (range 65–110) kg, 180
(range 170–190) cm, and 24.2 (range 20.1–34.7) kg/m2.

Monthly health-complaint reports

At the end of each month, the participants rated the in-
tensity and duration of 30 health complaints during the
preceding 14 days. Each of the complaints was rated on
a 4-point scale for intensity (0 = not troubled, 1 = a lit-
tle troubled, 2 = quite troubled, 3 = seriously troubled)
and a 3-point scale for duration (1 = 1–5 days, 2 = 6–10
days, 3 = 11–14 days). A complaint-severity score was
constructed for each of the complaints by multiplying
the intensity score by the duration score, yielding a score
range from 0 to 9. Six compound complaint-severity in-
dices were computed as a mean of different complaint-
severity scores (index range 0 to 9), two of which we
investigated in this study: a musculoskeletal complaint-
severity index (MSI) and a psychological complaint-se-
verity index (PI) (table 1).

The level of physical activity during the previous 14
days was rated on a 6-point scale. The participant rated
exercise, sports, and activities that caused breathlessness
(0 = not at all, 1 = 0.5–1 hours/week, 2 = 1–2 hours/
week, 3 = 2–3 hours/week, 4 = 3–4 hours/week, 5 = 4–
5 hours/week, and 6 = >5 hours/week).

The intraindividual variability of complaint severity
was large, as presented elsewhere (22). According to our
findings (22), more than two reports are required when
the aim is to obtain representative data for the averag-
ing of complaints over time.

Protocol

The experiments started between 0800 and 0900 or 1200
and 1300, depending on the participant’s work sched-
ule, and lasted 3 to 4 hours. At least 1 week before the
day of the experiment, each participant was informed
and trained to perform the shoulder-abduction and wrist-
extension contractions. On the day of the experiment,
the information and instructions were repeated.

The participant performed reference contractions,
followed by a series of standardized cognitive and mo-
tor tasks, sustained submaximal wrist extension until
exhaustion, sustained submaximal shoulder abduction
until exhaustion, and a second series of the cognitive
and motor tasks (figure 1). Muscular activity during the
cognitive and motor task series has been described else-
where (23).

Experimental work conditions. The room temperature
during the experiments was 24 (SD 1) ºC. The partici-
pants were seated in an upright position, with their hips

Table 1. Items of the musculoskeletal complaint-severity index
(MSI) and psychological complaint-severity index (PI). Each com-
plaint-severity index (index range 0 to 9) was computed as the
mean of the complaint-severity scores (score range 0 to 9). Cα

represents the internal consistency of the indices (given as
Cronbach’s alpha).

Complaint-severity index Items with complaint-severity scores
(intensity score × duration)

MSI (Cα = 0.75) Headache
Neck pain
Pain in left shoulder or upper arm
Pain in right shoulder or upper arm
Pain in left forearm
Pain in right forearm
Pain in left wrist or hand
Pain in right wrist or hand
Pain in upper back
Pain in lower back
Chest pain
Pain in lower extremities 

PI (Cα = 0.84) Sleep disturbances
Fatigue
Vertigo
Depressed mood or depression
Anxiety or restlessness
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and knees flexed approximately 90 degrees and their
ankles in a neutral position. The chair in which each
participant sat was equipped with adjustable supports for
the feet and lower back. During wrist extension, the
chair was also equipped with adjustable supports for the
arms. The experimenters adjusted the supports, and
when comfortable to the participant, fixed the positions.
All contractions were performed bilaterally.

Reference contractions. To determine reference values
for the peak force and peak voluntary electrical activity
(EMGpeak), we asked the participants to make three at-
tempts at maximal muscular contraction, for both wrist
extension and shoulder abduction. Each contraction last-
ed approximately 4 seconds, followed by 2 minutes of
rest, during which the participants were told to relax.
Experimenters gave verbal encouragement and visual
force feedback to the participants to obtain contractions
as near maximal as possible, and extra contractions were
performed if the experimenters had any doubt about the
quality of the first three contractions.

For the wrist extension measurements, both upper
arms were held in a neutral position in the scapular plane
with the elbows flexed at approximately 90 degrees and
the forearms fully pronated and resting (proximal to the
wrists) on the chair’s arm supports. The participants
pulled force transducers through wires that were at-
tached vertically (approximately 90 degrees to the fore-
arms) in fasteners on the cuffs distal to the wrists. Dur-
ing the contractions, the participants held their wrists
steady in a neutral position, with their fingers relaxed.
Contractions were used to obtain reference values for
the forearm extensors.

For the shoulder abduction measurements, both up-
per arms were abducted 45 degrees in the scapular plane
with the elbows flexed 90 degrees, the forearms semi-
pronated, the wrists in a neutral position, and the fin-
gers in a relaxed position. The participants pulled force
transducers through wires that were attached diagonal-
ly (approximately 90 degrees to the upper arms) in fas-
teners on adjustable cuffs proximal to the elbow joints,
ensuring 45-degree shoulder abduction. Contractions
were used to obtain reference values for the upper tra-
pezius and the middle deltoid muscles.

Submaximal isometric contractions. The participants were
positioned as for the maximal contractions, and they then
performed sustained bilateral wrist extension at 25% of
their extension peak force. After 4 minutes of rest they
performed sustained bilateral shoulder abduction at 25%
of the abduction peak force. Visual feedback helped the
participants maintain a steady force during the sustained
isometric contractions. The participants were encouraged
to maintain the contractions until exhaustion. Contractions
were terminated simultaneously in both arms.

Measurements and data acquisition

The participants pulled force transducers (load cell 0–
200 kg, Tokyo Sokki Kenkyujo Co., Ltd, Japan) con-
nected by wires to adjustable cuffs. Bipolar surface
EMG (type E-10-VS, Medicotest A/S, Ølstykke, Den-
mark, 20 mm inter-electrode distance) were recorded
bilaterally from the upper trapezius muscle (60% later-
al to C7 on the line from C7 to the lateral edge of the
acromion), the middle deltoid muscles (40% distal to the
acromion on the line from the lateral edge of the acromi-
on to the muscular insertion), and the forearm extensors
(25% distal to the radius head on the line from the radi-
us head to the styloid process of the radius). Because of
the known problems of EMG selectivity in forearm mus-
cles, we investigated the responses in the extensors as a
group of muscles instead of a single muscle.

The electrodes were taped onto shaved and cleaned
(70% ethanol) skin. Signals were amplified 216 times
for the deltoid muscles, 448 times for the trapezius mus-
cles, and 1009 times for the forearm muscles [Pream-
plifiers, Premed, Oslo, Norway; bandwidth of 10–3000
Hz, common mode rejection ratio (CMRR) >100 dB, in-
put impedance >5 GΩ]. The signals were then ampli-
fied twice.

To avoid possible alias signals (ie, external signal
noise), a low-pass filter of 1000 Hz should be used in
the recordings. Such a filter was not applied in 1997,
but only in later recordings (10–1000 Hz band-pass fil-
tering). Fast Fourier (FFT) analyses were undertaken for
all the workers on the present EMG data and EMG data
recorded in identical experiments in 1998. Two experi-
enced researchers blinded for the recordings inspected
and compared the data (in the bandwidth 0–500 Hz).
They saw no differences in signal content or quality.

Force and EMG recordings were converted (16-bit
analogue-to-digital card, AT-MIO 16x, National Instru-
ments, Austin, TX, USA) with a sampling frequency of
2000 Hz using a Labview system (National Instru-
ments).

Data analyses

The peak force for wrist extension was determined as
the highest of the three maximal isometric wrist exten-
sion contractions, and the peak force for shoulder ab-
duction was similarly determined for the three maximal
isometric shoulder abductions. For each contraction,
peak force was determined as the highest average value
over 0.1 second.

The raw EMG signals were corrected for baseline
changes (direct current level) and were digitally band-
pass filtered in the frequency range of 10–350 Hz. The
root mean square (rms) values of the signals were cal-
culated over 0.1 second. To avoid artifacts caused by
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signals from the heart, we eliminated the rms-EMG am-
plitudes recorded simultaneously as the R in the QRS-
complex, and the two closest EMG values. Noise levels
were defined for each EMG channel as the lowest me-
dian rms-EMG amplitudes over 0.7 seconds, and then
subtracted from all respective data.

The EMGpeak was defined for each muscle as the
highest median rms-EMG amplitude over 0.7 seconds.
In the analyses of rms-EMG during sustained submaxi-
mal contractions, the first and the last 2.5-seconds of
the contractions were omitted before further calcula-
tions. Then, the median rms-EMG values of the initial
40 seconds and the final 5 seconds of the contraction
time were obtained, and they are subsequently referred
to as EMGsub40 and EMGsub5. The EMGpost was calculat-
ed as the median rms-EMG from 1 to 2 seconds after
the end of the submaximal contractions. All the EMG
values during and immediately after the submaximal
contractions are given relative to EMGpeak.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS
9.0 to 11.5, Chicago, IL, USA) and the Confidence In-
terval Analysis (CIA 2.0, Trevor Bryant 2000, Univer-
sity of Southampton, Southampton, UK) were used for
the analyses. The regression coefficients and the mean
or median differences are reported with 95% confidence
intervals (95% CI). Other data are reported as means and
standard deviations. The differences were considered
significant at the 5% level.

Regression modeling. The contribution of the variables
included in each regression model was determined
through manual backward stepwise regression. After
computing the crude estimates, we put all the independ-
ent variables into the full model and, through exclusion
of the independent variables with the smallest and most
insignificant contribution to the model (the largest P-
values), selected the best subsets of the significant pre-
dictors. The final adjusted models were computed us-
ing variables with significant contributions (P<0.1 used
as an inclusion criteria in the adjusted models).

Prediction of endurance time and muscular activity dur-
ing and immediately after the contractions. The depend-
ent variables of the various multiple regression models
were the endurance time of the submaximal contractions
and the EMGsub40, EMGsub5, and EMGpost.

The independent variables were the health com-
plaints (MSI and PI) during the 4 months preceding the
laboratory experiment, age, gender (women = 0, men =
1), and the level of physical activity (scale 0 to 6). The
effects of the interaction between the physical activity
level and the complaint variable, the interaction between

age and the complaint variable, and the interaction be-
tween the MSI and the PI in the full models were ex-
amined. Analyses were performed independently for
each of the three muscles.

In addition, we used similar regression models to
examine whether the presence of complaints (mean of
last 4 months; categorized as 0 if no complaints, and 1
if any complaints) in the neck, the ipsilateral shoulder
or upper arm or in the ipsilateral forearm, wrist and hand
predicted the EMGsub40 or EMGsub5 in the trapezius (dur-
ing abduction) or forearm extensors (during extension).
The analyses were performed independently for each
muscle and each complaint.

Prediction of changes in complaint severity over a 12-
month period. The dependent complaint variables were
either the MSI or the PI over the 12-month period fol-
lowing the laboratory experiments (mean of 12 months)
and of the mean of the 2 months with highest complaint
severity within that 12-month period. The changes in
MSI or PI were examined, with the inclusion of the MSI
or PI over the preceding 4 months as independent vari-
ables. The other independent variables of the regression
models were EMGsub40, EMGsub5, and EMGpost. These
were calculated, as already described, and adjusted for
age, gender, and the level of physical activity during the
previous 4 months. We examined the effects of the in-
teraction between physical activity and the EMG lev-
els, and the interaction between age and the EMG lev-
els in the full models. The effect of the EMG of each of
the three muscles on the changes in the MSI and PI were
investigated separately.

Results

Complaint severity

The medians of the musculoskeletal and psychological
complaint-severity indices ranged between 0.14 and
0.20 during the 4 months before and the 12 months af-
ter the laboratory experiments (figure 2). Some of the
workers appeared to be more afflicted than others, ex-
hibiting scores between 2 and 3 on the 0 to 9 scale. None
of the indices differed statistically significantly between
the men and women (P>0.26).

Maximal and submaximal contractions

The mean peak force of the maximal contractions was
147 (SD 49) N for wrist extension and 173 (SD 55)
N for shoulder abduction. The mean EMGpeak was
454 (SD 212) µV for the forearm extensors, 933 (SD
358) µV for the trapezius, and 573 (SD 266) µV for
the deltoid muscle.
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as during the first 40 seconds. We observed no differ-
ences between the men and women for the trapezius
(P>0.12) or deltoid (P=0.98) muscles in the final 5 sec-
onds although the women exhibited a higher mean
EMGsub40 for the deltoid muscles (P=0.028). The EMG
values of the forearm extensors during shoulder abduc-
tion were about 3% of the EMGpeak.

Postcontraction muscular activity
The mean EMGpost of the forearm extensors was 5.6 (SD
5.9)% of the EMGpeak during the 2nd second after the

Figure 2. Box plot of the musculoskeletal complaint-severity index
(MSI) and the psychological complaint-severity index (PI) for the 4
monthly reports preceding the laboratory experiment (4 months pre;
N=45) and the following 12 monthly reports (12 months post; N=37).
The boxes represent the 25th to 75th percentiles, the solid lines within
the boxes are the median values, the dotted lines within the boxes are
the mean values, the whiskers are the 10th and 90th percentiles, and
the points represent outliers. The broken line represents 0.

Figure 3. Root mean square–electromyog-
raphy (rms-EMG) of the left forearm exten-
sors, left upper trapezius, and left middle
deltoid muscles during sustained submaxi-
mal isometric wrist extension and sustained
submaximal isometric shoulder abduction
contractions. EMG signals from one partic-
ipant are shown. The vertical dotted lines
represent the beginning and end of the con-
tractions. See the methods section for more
details.

The endurance time of the wrist extension and shoul-
der abduction was 183 (SD 69) and 165 (SD 88) seconds,
respectively. The average forces during the contractions
were slightly higher than targeted, 28 (SD 2)% for both
the wrist extension and the shoulder abduction. The rel-
ative force was similar for the men and women during
the wrist extension (P=0.99), and the endurance times
did not differ significantly (P=0.38). During the shoul-
der abduction, however, the women worked with slight-
ly higher relative force than the men (mean difference
2.4%, P=0.03, 95% CI 0.1–2.7), and the men had long-
er endurance times than the women [women 146 (SD
75) seconds, men 205 (SD 101) seconds, P=0.03].

Typical EMG recordings are shown for one partici-
pant in figure 3. Nearly identical EMG responses were
recorded from the left and right sides of the body (Røe
et al, submitted). Therefore, only the  analyses of the
data from the left side are presented.

During the first 40 seconds of submaximal wrist ex-
tension, the mean EMG level of the forearm extensors
was 25 (SD 8)% of the EMGpeak (EMGsub40 in figure 4A).
The EMG level was higher in the final 5 seconds, reach-
ing 39 (SD 12)% of the EMGpeak (EMGsub5 in figure 4B).
There was no difference between the men and women
in the activity of the extensors (P>0.14). The mean EMG
levels of the trapezius and deltoid muscles during wrist
extension were less than 5% of the EMGpeak.

During submaximal shoulder abduction, the EMGsub40

values were 21 (SD 7) and 23 (SD 9)% of the EMGpeak

(figure 4A) for the trapezius and deltoid muscles, re-
spectively. For the trapezius muscle, a slightly higher
EMG value was observed in the final 5 seconds, reach-
ing 32 (SD 13)% of the EMGpeak (EMGsub5 in figure 4B).
The deltoid muscle showed about the same value in the
final 5 seconds [EMGsub5 23 (SD 11) % of the EMGpeak],
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end of the submaximal extension. The level was 7.1 (SD
7.1)% of the EMGpeak in the trapezius muscle and 2.4 (SD
3.0)% of the EMGpeak in the deltoid muscle (figure 5).

Predictors of endurance time and muscular activity
during and immediately after submaximal contractions

A higher level of physical activity in the previous
months predicted a longer endurance time for shoulder

abduction (β=19.9, P=0.047, 95% CI 0.3–40)
but not for wrist extension (P=0.79). Neither the
MSI nor the PI predicted the endurance time or
the EMGpost (P>0.09).

The crude estimates of the relations between com-
plaint severity and muscular activity during the submax-
imal contractions were not statistically significant. How-
ever, after adjustment for the level of physical activity
(PA) and an interaction between the MSI and the level
of physical activity (MSI × PA), a higher level of mus-
culoskeletal complaint severity predicted a lower
EMGsub40 in the trapezius muscle during wrist exten-
sion (MSI: β=-4.11, P=0.005, 95% CI -6.9– -1.3; PA:
β=–0.73, P=0.061, 95% CI -1.5– -0.0; MSI × PA:
β=1.95, P<0.001, 95% CI 1.1–2.8), whereas the psy-
chological complaint severity did not. Neither mus-
culoskeletal nor psychological complaint severity
was a statistically significant predictor of the mus-
cular activity level of the forearm extensors or the
deltoid muscle during the first 40 seconds of wrist
extension (P>0.09).

More severe musculoskeletal complaints also pre-
dicted a lower EMG level in the trapezius muscle dur-
ing the first 40 seconds of shoulder abduction (table 2).
However, the severity of musculoskeletal or psycholog-
ical complaints did not predict the EMG levels of the
deltoid muscle or of the forearm extensors during the
abduction (P>0.10).

To examine whether muscular activity at the end of
the contraction was predicted by the severity of com-
plaints, we performed the same analyses with EMGsub5

as the dependent variable. The MSI in the previous 4
months predicted a lower EMG in the upper trapezius
muscle (P=0.04) in the final phase of shoulder abduction.
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are the 10th and 90th percentiles, and the
points represent outliers. The broken line repre-
sents 0. (EMGpeak= peak voluntary electrical
activity, EMGsub40 = EMG during the first 40
seconds of submaximal contraction, EMGsub5 =
EMG during the last 5 seconds of submaximal
contraction)
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Figure 5. Box plot of the electromyographic (EMG) levels (as the
percentage of EMGpeak) at rest and during the 2nd second after
completed sustained submaximal contractions in the left forearm
extensors, left upper trapezius, and left middle deltoid muscles (N=45
in extension and N=44 in abduction). Data for the forearm extensors
were obtained after wrist extension, data for the trapezius and deltoid
muscles were obtained after shoulder abduction. The boxes represent
the 25th to 75th percentiles, the solid lines within the boxes show the
median values, the dotted lines within the boxes represent the mean
values, the whiskers are the 10th and 90th percentiles, and the points
represent outliers. The broken line represents 0. (EMGpeak = peak
voluntary electrical activity, EMGrest = lowest EMG 0.1-second values at
rest, EMGpost = EMG values 1st to 2nd second postcontraction)
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The analyses showed no other statistically signifi-
cant predictions (P>0.14).

Because the MSI is calculated as an average of
musculoskeletal complaints from the entire body, it
is of importance to examine whether similar associ-
ations were found between pain and the EMGsub40

determined for the same area. The presence of pain
in the shoulder and upper arm during the preceding
4 months predicted a significantly lower EMGsub40 for
the trapezius muscle during shoulder abduction (ta-
ble 3) and wrist extension (P=0.03). No other statis-
tically significant predictive effects on EMGsub40

were found (P>0.24).

Table 3. Prediction of the electromyographic (EMG) values, as
the percentage of peak voluntary electrical activity (EMGpeak), in
the left upper trapezius during the first 40 seconds of sustained
submaximal shoulder abduction (EMGsub40). Pain in the ipsilateral
shoulder or upper arm and pain in the ipsilateral forearm, wrist
and hand from the previous 4 monthly reports (categorized as 0 if
no complaints and 1 if any complaints) were included as the main
predictors in the multiple regression models. The main predic-
tors were adjusted for gender, age, physical activity (PA) during
the previous 4 months, and the interaction between the complaint
variables and physical activity.

Independent EMGsub40 (% of EMGpeak) in the left upper
variables trapezius during shoulder abduction

Crude estimates Adjusted estimates

β P-value 95% CI β P-value 95% CI

Pain in shoulder -3.24 0.138 -7.6–1.1 -9.44 0.015 a -17.0– -1.9
or upper arm

Gender -3.43 0.123 -7.8–1.0 · · ·
Age 0.02 0.905 -0.3–0.3 · · ·
PA -1.04 0.202 -2.7–0.6 -2.45 0.024 a -4.6– -0.3
Pain shoulder or 
upper arm × PA · · · 3.07 0.051 -0.01–6.2

Pain in forearm, -1.03 0.671 -6.0–3.8 -11.2 0.008 a -19.4– -3.0
wrist and hand

Gender -3.43 0.123 -7.8–1.0 · · ·
Age 0.02 0.905 -0.3–0.3 · · ·
PA -1.04 0.202 -2.7–0.6 -2.83 0.005 a -4.7– -0.9
Pain forearm, 
wrist and hand ×
PA · · · 4.82 0.003 a -1.7–7.9

a P<0.05, N=44.

Table 4. Prediction of the musculoskeletal complaint-severity index (MSI) over the 12-month period following the laboratory experi-
ment. Electromyographic (EMG) values, as percentage of peak voluntary electrical activity (EMGpeak), in the left upper trapezius muscle
during the first 40 seconds of sustained submaximal shoulder abduction (EMGsub40) was included as the main predictor in the multiple
regression model. The MSI, the psychological complaint-severity index (PI), and physical activity (PA) over the 4 months preceding the
experiment, gender, and age were entered to adjust the prediction.

Independent variables MSI over a 12-month period following the laboratory experiment 

Crude estimates Adjusted estimates

β P 95% CI β P 95% CI

EMGsub40 (% of EMGpeak) in the left trapezius during shoulder abduction -0.01 0.644 -0.05–0.03 -0.01 0.295 -0.03–0.01
MSI over the 4 months preceding the laboratory experiment 0.88 <0.001 a 0.7–1.1 0.39 0.008 a 0.1–0.7
PI over the 4 months preceding the laboratory experiment 0.99 <0.001 a 0.8–1.2 0.68 <0.001 a 0.4–1.0
Gender 0.05 0.828 -0.4–0.5 · · ·
Age -0.02 0.166 -0.1–0.01 · · ·
PA 0.14 0.102 -0.03–0.3 · ·  ·

a P<0.05, N=44.

Muscular activity as a predictor of changes in
complaint severity over a 12-month period

None of the measures of muscular activity (EMGsub40,
EMGsub5, EMGpost) predicted changes in the severity of
musculoskeletal or psychological complaints over a 12-
month period (P>0.10) or when the mean of the 2
months with the highest complaint severity was used
(P>0.06). Table 4 shows the results of the analysis to

Table 2. Prediction of the electromyographic (EMG) values, as
percentage of peak voluntary electrical activity (EMGpeak), in the
left upper trapezius during the first 40 seconds of sustained
submaximal shoulder abduction (EMGsub40). The musculoskeletal
complaint-severity index (MSI) and psychological complaint-se-
verity index (PI) from the previous 4 monthly reports were in-
cluded as the main predictors in the multiple regression model.
The main predictors were adjusted for gender, age, physical ac-
tivity (PA) during the previous 4 months, the interaction between
the MSI and the PI, the interaction between the MSI and physical
activity, and the interaction between the PI and physical activity.

Independent EMGsub40 (% of EMGpeak) in the left upper
variables trapezius during shoulder abduction

Crude estimates Adjusted estimates

β P-value 95% CI β P-value 95% CI

MSI -0.97 0.549 -4.2–2.3 -9.09 0.015 a -16.3– -1.9
PI -0.14 0.937 -3.7–3.4 · · ·
Gender -3.43 0.123 -7.8–1.0 · · ·
Age -0.02 0.905 -0.3–0.3 · · ·
PA -1.04 0.202 -2.6–0.6 -2.74 0.011 a -4.8– -0.7
MSI × PA · · · 2.81 0.009 a 0.8–5.0

a P<0.05, N=44.
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predict changes in the MSI using EMGsub40 in the
trapezius as an independent variable.

Discussion

This study showed that, in a working population, a
history of musculoskeletal complaints or shoulder
pain predicted lower trapezius muscular activity,
as measured by EMG during submaximal
contraction. However, the EMG levels did not
predict changes in the severity of musculoskeletal
complaints over a subsequent 12-month period. No
relation was found between a history of psycho-
logical complaints and muscular activity. The com-
plaint-severity indices were generally low, and,
therefore the possibility of detecting differences in
muscular activity in relation to the complaints may
have been decreased.

Our study was designed to obtain an adequate
measure of the complaint severity of the
participants and to relate this measure to muscle
responses. Because complaint severity may vary
considerably in time and between body regions (22,
24), our indices were computed as averages of
different areas and over 4 or 12 months. We have
shown that this procedure produces a reliable meas-
ure of the MSI and PI (22). The approach may
conceal associations between muscle responses and
local pain; hence additional analyses were carried
out without averaging across body regions. Almost
the same findings were obtained with the two
methods of assessing complaints.

Previous data on the relation between muscular
complaints and muscular activity are inconsistent.
In some of the recent literature, reduced muscular
activity related to experimentally induced muscular
pain or disabling clinical pain has been documented
during different types of muscular work with
different contraction levels (25–29). Findings of
reduced muscular activity with pain were the basis
for the pain-adaptation hypothesis of Lund and his
co-workers (12). In a prospective study of people
with whiplash injury, Nederhand and his co-work-
ers (29) showed a lower level of isometric muscu-
lar activity in people with more extensive disability
6 months after the accident. The lower activity level
was seen at all the postaccident measurement times
(1, 4, 8, 12, and 24 weeks) (29). A possible
explanation for reduced activity in both acute and
chronic states is that musculoskeletal complaints
result in an altered motor activity pattern as a
response or adaptation to pain. This occurrence
would require more “help” from synergistic mus-

cles or from other structures of the musculoskeletal
system to maintain work effort. Studies of motor
control show that muscular forces are redistributed
in certain situations and that trapezius muscular
activity can be reduced while a static posture is
maintained (30, 31). Our findings that
musculoskeletal complaints predict reduced
muscular activity in the trapezius muscle during
sustained submaximal work support the hypotheses
of inhibited muscular activation or altered
coordination in acute and chronic pain situations
(12, 13). It may be possible to observe the
hypothesized altered pattern of muscular activity
in studies of experimentally induced pain, in
patients with disabling complaints, and in popula-
tions with a low level of complaint severity. Yet a
low level of complaint severity may still be related
to the degree of complaints, as shown for the
workers in our study. A similar pattern of muscular
activity was observed in the relations between
complaint severity and muscular activity during the
first 40 seconds and the final 5 seconds of an
exhausting isometric contraction. Thus fatigue does
not appear to be the cause of reduced muscular
activity with a higher level of complaints.

Previous studies from our laboratory, using
models of sustained isometric abduction (32), did
not suggest an association between myalgia and
altered muscular activity during isometric
contractions. There were, however, several
differences in the design between the previous and
present studies. First, the present study is a
prospective one, whereas Røe and her co-workers
(32) used a cross-sectional design. Second, joint
stability requirements differed between the studies
(eg, different forearm and upper arm support during
shoulder abduction). This difference may have
caused different co-activation of the synergists (33).
These studies may provide dissimilar information
about the relation between muscular activity and
pain.

Our study did not show any relation between a
history of psychological complaints and the
investigated muscle responses. Cross-sectional
studies show that emotional and cognitive load is
accompanied by muscular activity (17, 34–36) and
that reported complaints are related to muscular
activity during low-intensity mechanical load or in
nonengaged musculature (23, 37, 38). Less is known
about the relationship between psychological
complaints and muscular activity during a higher
work intensity (eg, 25% of maximal performance
as in the current study). It is possible that, during a
higher work intensity, musculoskeletal pain, even
of low severity, may have a greater effect on
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muscular coordination than psychological
complaints of low severity. It would be interesting
to investigate whether similar results occur in groups
with a high severity of musculoskeletal and
psychological complaints, where the individual and
combined effects of each complaint can be
evaluated in a regression model. In our study, we
observed no statistically significant interaction
between muscular activity and musculoskeletal or
psychological complaints. Hence, there was no
evidence of a concurrent psychogenic increase in
muscular activity (eg, in relation to fear avoidance)
(16).

Neither the EMG levels during the sustained con-
tractions nor those immediately after predicted
changes in the severity of health complaints in the
following 12-month period. These findings do not
support those of Veiersted (18), who showed that a
higher activity level in the trapezius muscle during
accidental machine-stops of an assembly line
predicted a risk of trapezius myalgia. In our study,
however, the possibility of detecting altered
complaint severity in relation to muscle physiolo-
gy may be limited due to a relatively small study
group with low-level complaints.

Men exhibited longer endurance times than
women during shoulder abduction, whereas no
gender differences were found for the endurance
times of wrist extension. It has been documented
that women have better endurance than men when
performing static contractions of low or moderate
intensity (39–42). Hence the gender difference in
endurance times during shoulder abduction is
probably caused by the slightly higher relative force
of the women.

In conclusion, musculoskeletal complaints
reported during a 4-month period predicted reduced
EMG activity in the trapezius muscle during
submaximal muscular contractions. A history of
psychological complaints was not related to
muscular activity. These results may support the
pain-adaptation hypothesis or the neuromuscular
activation model, both of which suggest a dysfunc-
tion of synergistic muscular control. Our findings
did not indicate that the level of muscular activity
predicts changes in complaint severity in the
subsequent 12 months.
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