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Objectives This study extends the concept of tension, in part by observing changes in tension during the
workday, to identify episodes causing elevated tension and relate them to bodily responses.
Methods Both questionnaires and qualitative interviews were used to describe the tension concept. Tension was
scored on a visual analogue scale (VAS) every hour, and trapezius muscle activity and heart rate were recorded.
Ninety-four female workers from four service occupations participated.
Results Tension was described as a musculoskeletal activation response involving the upper body regions, but
also autonomic activation responses were described. The cause of elevated tension comprised a variety of
situational demands; however, contact with other people causing negative emotions was a common factor.
Averaged muscular activity and heart rate responses did not correlate with prolonged perceived tension, but the
differential tension score between high- and low-tension periods correlated with the corresponding differential
trapezius activity responses. The regression line indicated no effect of short-term variation in perceived tension
on median muscle activity for differential VAS scores of ≤2 cm. An increase of 2% of maximal electromyographic activity for a differential VAS score of 4–5 cm was indicated.
Conclusions This study identifies work exposures that cause tension, and it demonstrates a physiological
correlate with the subjective perception of tension in the short term. The low recorded muscle activation response
does not represent a risk factor for pain by the traditional standards used for recording and evaluating muscle
activity responses, but it may point to underlying pain-inducing mechanisms, such as low-threshold overexertion
of motor units.
Key terms electromyography, psychosocial factors, service occupations, stress, trapezius.

The variable “perceived general tension”, describing a
prolonged sensation of tension, has shown a strong and
consistent association with pain in the shoulder and neck
in several studies from this laboratory (1–3). Often this
was the only variable to be associated with shoulder and
neck pain. Similar results have been reported by others; the variable “muscle tension”, integrating questions
on raising shoulders and contracting neck muscles, was
significantly associated with pain in the neck and shoulders and with emotional and mental stressors (4). Likewise, the variable “tense” has been shown to be associated with shoulder and neck pain (5). In one study the
subjective tension level correlated significantly with

1

some of the variables quantifying trapezius activity during work (6); however, this association was not observed
in other studies (7, 8).
The cited results show that a sensation of tension is
often associated with shoulder and neck pain, although
the temporal and causal relationships between the two
variables are unclear. In an earlier report dealing with
the same cohort of service workers that was used in this
study, perceived general tension was again higher for
workers with shoulder and neck pain than for pain-free
workers (9). Short-term perceived tension (ie, the mean
of hourly scored tension over the workday) also distinguished between workers with and without shoulder and
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neck pain (10). Both pain-afflicted and pain-free workers reported an increase in tension during workhours that
receded during leisure time. These results showed that
the tension concept is meaningful over shorter time periods. However, a sensation of tension that fluctuates
over short periods is probably normal and does not necessarily represent a risk for the development of pain in
the shoulder and neck.
In an earlier publication, we hypothesized that perceived general tension is an intermediate response variable between environmental stress and shoulder and
neck pain (7). Tension can be described both as an immediate or rapidly changing perception and as a longduration state; however, we know in little systematic
detail what this commonly used term entails. Therefore
in our present study, we hypothesized that perceived
general tension, extending over long periods, and the
short-duration tension response represent a similar response mechanism and respond to the same stressors.
A corollary is that perceived general tension, which we
have used to express an averaged, long-term sensation
of tension, can be meaningfully explored by studying
the dynamic tension response pattern over a day. Information about personal factors and work exposures that
may be associated with perceived general tension was
collected by questionnaires. Verbal descriptions of sensations and environmental factors (exposures) perceived
to be associated with tension were obtained. Trapezius
muscle activity and heart rate were recorded over a
workday. The aim of this study was to investigate workers’ perception of tension in terms of other sensations
and identify work exposures that cause long- or shortterm elevation of tension. We further examined whether short-term tension responses are associated with trapezius muscle activity or heart rate.

Subjects and methods
Study design
The study combined a case study design using qualitative methods with a cross-sectional study design using
quantitative questionnaires. Data were further collected
through a semi-experimental design with physiological
recordings and repeated measurements of perceived exposures over the workday. Figure 1 presents an overview of the study design and the material collected for
this report. Other results from this study, in part based
on material not shown in figure 1, have been presented
in other reports (9–11). The case study design was useful, as we aimed to explore how the informants perceived tension and why they perceived elevated tension.
According to Yin (12), a case study is the preferred strategy when “how” or “why” questions are posed when
the investigator has little control over events and when
the focus is on a contemporary phenomenon within a
real-life context.

Tension concept and nomenclature
In this study the tension concept was explored in different ways that put different factual meaning to the term.
Tension is a commonly used expression in everyday language, and the term “tension” is used when referring to
the perception of bodily tension in general. This was
also the starting point of the qualitative interviews (ie,
the respondents were asked to clarify their conceptualization of the term without keywords or other delineators). The respondents were also asked to score their level of tension on a visual analogue scale (VAS), both as
an average over the last two months (“perceived general

Figure 1. Graphic representation of the
study design shown by a time line. Physiological recordings and hourly VAS scoring continued in the leisure period, but
was not part of the material for this study.
(EMG = electromyography, HR = heart rate,
VAS = visual analogue scale)
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tension”) and as an average of the last hour (“hourly tension”). Perceived daily tension (daily tension) was calculated as the mean of the hourly responses during work.
Perceived general tension and hourly tension during
work were scored before the qualitative interview, on
the basis of the respondents’ intuitive understanding of
the tension term.

Subjects
The study group comprised 94 women in health care
(N=20), banking (N=26), retail (N=22), and secretarial
work (N=26). Their mean age was 43 (SD 9) years, and
the mean of their employment time was 9 (SD 8) years.
The health care workers were recruited from two health
service centers for elderly people with nursing homes,
day-care centers (also for dementia sufferers), and units
for home-based service. Nurses, auxiliary nurses, home
care, and administrative personnel were represented in
the material. The bank workers were cashiers and customer consultants. The cashiers performed routine tasks
such as payment of bills, money transferal, establishment of new accounts, and the like. Customer consultants handled loan applications and economic planning.
The retail workers carried out sales work in two small
shopping centers. Their main work duty was to serve
customers and induce sales. The university secretaries
were employed in university administration. They assisted students and the administrative and scientific staff
of the university. A detailed description of work duties
has been given elsewhere (10).

Questionnaires
A package of self-constructed questionnaires, including
questions on biographical data (weight, stature, number
of children), general health (exercise, sleep), psychological profile (perceived general tension, general mood,
mental health), subjectively reported physical and psychosocial exposure factors at work (load variation,
workplace design, indoor environment, workload or
workpace, job control, job satisfaction, social support,
self-realization, job instruction) and general psychosocial stress factors (off-work duties, personal economy,
family relations) was presented to the subjects. The
questions on physical and psychosocial exposure were
phrased in terms of satisfaction with the given exposure
factor, and the responses were scored on 10-cm visual
analogue scales (VAS) with the end phrases “very dissatisfied” and “very satisfied”. The variable mental
health was a self-evaluation on a VAS from “very poor”
to “very good”. A detailed description of the questionnaires has been given elsewhere (2). The questionnaires
also included the neuroticism index (EPQ-N) of the Eysenck Personality Questionnaire (13). The reliability of
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the self-constructed questionnaires has been tested and
found acceptable (3).
On the day of the recordings the subjects scored perceived tension (hourly tension), pain in the shoulder and
neck, perception of a stressful work environment, and
mental and physical fatigue every hour as a mean of the
preceding hour (VAS, end points “very low” and “very
high”). Physical fatigue was scored on a 10-division
Borg scale (14).

Interview
Sixty-four informants were interviewed regarding the
tension concept and causes of tension, all the interviews
were carried out by the same researcher. The qualitative interview was not carried out for 11 of the bank
workers in the beginning of the study. Nineteen secretaries were interviewed by phone towards the end of the
series, and questions on tension were left out. The interview was carried out at the end of the workday, supported by use of an interview guide. In the part of the
interview covering the tension concept, the informants
were first asked about their interpretation of perceived
tension, presumably reflecting perceived general tension. In a few cases in which the subjects had difficulties in describing this experience, key words related to
muscles, body location, pain, and responses in the body
were given. During the interview the scores of hourly
tension and perceived stressful work environment were
examined. If a marked difference between the highest
and lowest scores was found, the subject was asked why
periods of elevated tension and work stress had occurred, posed as two separate questions.
All the interviews were tape-recorded and later transcribed to text files. The text analysis was carried out
by open coding whereby key words or phrases were
noted and labeled (15). The labels were grouped into
categories that developed naturally. Each interview was
thereafter repeatedly checked to ensure that the classification of the responses was consistent.

Physiological recordings
Muscle activity in the upper trapezius was quantified by
a bilateral recording of surface electromyography
(EMG) (Physiometer PHY-400, Premed A/S, Oslo, Norway). Bipolar electrodes, 6 mm in diameter (Blue
Sensor, E-10-vs or Neuroline 725-01-K, Medicotest
A/S, Ballerup, Denmark), with a center-to-center distance of 20 mm, were placed at a point two-thirds of
the distance from the spinous process of the seventh
vertebra (C7) to the lateral edge of the acromion (16).
The signal was sampled at 1600 Hz and band-passed filtered at 20–800 Hz. An artifact detection procedure sensitive to sharp transients and slow deviations from the
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signal baseline (400-ms period) was performed on the
raw electromyogram (EMG). The signal was analogue/
digital converted, and the root-mean-square (RMS) value was calculated and transmitted at 10 Hz (100-ms time
window) on a serial interface to a palmtop personal computer carried by the subject (HP 200LX, Hewlett-Packard, Palo Alto, CA, USA). The processed EMG signals
were later analyzed in the laboratory on a personal computer by use of Physiometer software (Premed A/S,
Oslo, Norway). A time resolution of 0.2 seconds was
used in the analysis. The signal was calibrated by the
highest EMG amplitude of three maximal arm abductions at 90 degrees (%EMGmax), performed both before
and after the recordings (17).
The static and median muscle activity levels, defined
as the 10 and 50 percentile of the cumulative distribution curve of the EMG activity over the period considered, were determined (18). The EMG rest time was
quantified as the total time with the EMG level lower
than 0.5% EMGmax, previously termed “gap time” (19).
The side with the highest EMG response of the right and
left trapezius (for static and median activity level) and
the least rest time (for EMG rest time) was considered
most at risk of musculoskeletal complaints and used in
the analyses (ie, different sides of the same subject could
be represented in the analysis, depending on the EMG
variable considered). Heart rate (beat-to-beat interval)
was recorded simultaneously with the EMG signals and
stored on the same recording unit.

visual inspection of the time series and the associated
physiological variables were calculated). Finally, differential heart rate was compared with the differential VAS
scores.

Statistics
When evaluating the univariate association between perceived general tension or hourly tension and the continuously distributed variables from the questionnaire and
the hourly VAS scores, respectively, the Pearson correlation coefficient was calculated. The significant questionnaire variables in the univariate correlations with
perceived general tension were fed into a stepwise multiple linear regression analysis to examine their multivariate association with perceived general tension (dependent variable). The Spearman rank correlation coefficient (ρ) was calculated in the comparison between
tension and the EMG variables, in compliance with the
data distribution. The association between the differential hourly tension and work stress VAS scores on the
one hand and the differential EMG responses on the other was primarily tested by Spearman rank correlation;
the Pearson correlation analysis was used to establish
regression lines. A P-value of <0.05 (two-tailed) was
considered to indicate statistical significance.

Results
Analysis of hourly scores and associated physiological
recordings

Questionnaires and interview

The physiological recordings were partitioned into 1hour periods that preceded the times of the VAS scoring. The time series of the hourly tension scores were
visually inspected, and those showing a variation of 25
mm or higher during the work period were selected. The
periods of high and low hourly tension often extended
over several hours and the mean score of the extended
periods was calculated (mean duration of 1.9 hours for
the high score periods and 1.6 hours for the low score
periods). The variation in the tension score was <15 mm
for the high-score periods and <11 mm for the low-score
periods, and a clear delineation of the high and low
tension periods was observed. The researcher deciding on the duration of the high- and low-tension periods was blind to the results of the physiological recordings. Mean tension in the high- or low-tension periods and the corresponding mean values of muscle activity and heart rate were determined. Covariation was
examined in correlation analyses. High and low periods
of the variable “stressful work environment” were determined by the same procedure (ie, the duration of periods with high and low stress scores was decided by

Most of the subjects had an intuitive understanding of
the “tension” concept (corresponding to “perceived general tension”) and described tension as a bodily response
(table 1). Fifty-two subjects (81%) offered descriptions
considered to represent an activation of the musculoskeletal system. A typical description of tension as a musculoskeletal activation response was given by a retail
worker (45 years): “… tense? I can be tense the whole
day and then I have elevated shoulders. If something
special happens I elevate [the shoulders] even more.
Don’t know why I do this and it is often subconscious.
Cannot relax. I notice I elevate my shoulders when I
watch television and then I think now I must lower my
shoulders.” A common statement in this group was the
inability to relax. Forty-two subjects (65%) located their
musculoskeletal response to the upper body, often specified as elevation of the shoulders. The rest related their
description to whole-body responses. Muscle pain or
headache was described as a consequence of feeling
tense over a long time. Headache could develop when
they tried to relax. Autonomic activation responses (ie,
abdominal, respiratory, perspiration, or circulatory
Scand J Work Environ Health 2003, vol 29, no 2
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Table 1. Bodily responses that the subjects associated with the term “tension”, as categorized by the physiological system activated (64
subjects presented 89 entries).
Category

Distribution

Musculoskeletal activation
Autonomic activation
Abdominal
Respiration or perspiration
Circulatory
Other

Common statements

N

%

52

81

Not being able to relax; tensing up (ie, as in muscle activation); tense muscles

11
12
4
10

17
19
6
16

Stomach pain; dyspepsia
Do not breathe properly; forget to breathe; clammy hands; sweating
Pounding heart; red flushes
Exhaustion; pain; restlessness; mental reaction; unknown

Table 2. Univariate correlations between “perceived general tension” and the questionnaire variables, as grouped in the general
health and workplace factors. Pearson correlation coefficients and
P-value are shown (N=94). (NS = not significant)
Variable

Pearson correlation
coefficient

Personal or general health factors
Mental health
EPQ-N a
Sleep quality b
General mood
Family relations
Exercise b
Off-work duties
Personal economy
Workplace factors
Job satisfaction
Workplace design
Load variation
Self-realization
Job instructions
Social support
Job control
Workload or pace
Indoor environment
a
b

P-value

0.44
0.33
0.34
0.30
0.27
–0.27
0.12
0.07

0.00002
0.002
0.003
0.01
0.02
0.02
NS
NS

–0,33
–0.31
–0.29
–0.28
–0.23
–0.20
–0.17
–0.12
–0.12

0.004
0.009
0.01
0.02
0.05
NS
NS
NS
NS

Neuroticism index of the Eysenck Personality Questionnaire (11).
Categorical scale.

responses) were described by 27 subjects (42%), including some who also identified a musculoskeletal response. Finally, 10 subjects (16%) were difficult to categorize, including three who were not familiar with the
tension term.
Many of the subjects spontaneously offered examples of everyday situations inducing elevated tension.
Ten described worry about an anticipated situation
ahead of time. Thirty-three described short- and longlasting situations that caused tension at the time, in most
cases episodes of psychosocial stress. Both work and
off-work experiences were described, including time
pressure (19 subjects), exchanges with other people (9
subjects), and various challenging deviations from work
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routines (5 subjects). Such deviations could be task-oriented or emotional, involving other people. Four subjects described tension as a mobilization or fatigue response when they performed physical worktasks. Another four described tension as something they experienced after active periods, when they should be unwinding.
Table 2 presents the univariate correlations between
perceived general tension and the variables from the
questionnaire. The variables are grouped into the following two main categories: personal factors plus general health and workplace factors. Mental health and job
satisfaction (ie, the most significant variable in each
group) were the only variables retained in the multivariate regression equation (r=0.59). This result indicates
that both work environment and personal factors contributed to the perception of tension.

Perceived tension on the day of the physiological
recordings
Forty-five informants scored a difference of more than
25 mm between the high and low tension periods and
were asked about their reasons for the elevated hourly
tension. Table 3 presents a summary of the responses
by category. Emotional dimensions are listed and exemplified by citations. Eighteen subjects identified client or customer behavior as a cause of elevated tension.
Duties independent of clients and customers, but often
involving colleagues, were the cause of elevated tension
for nine subjects. Twelve subjects identified time pressure or workload, pointing to work-intense periods with
customers or clients. In descriptions of specific events,
words indicating negative emotional involvement were
used, like “irritated”, “angry”, “nervous”, or “resigned”.
In addition to the 12 subjects only stating time pressure,
another 13 identified time pressure as an aspect of the
stressful experience even though other demands were
considered the main stress, as listed in table 3. Only
three subjects identified biomechanical exposure as a
cause of elevated tension.

Holte et al

Table 3. Self-reported reasons for elevated “hourly tension” during work for the subjects with a difference of 25 units between the
highest and lowest hourly score on a visual analogue scale. Forty-five subjects presented 48 entries, including 4 subjects who were
unable to identify a specific reason.
Category

N

%

Emotional dimension a

Comment (examples of citations)

Time pressure

12

27

Not specified

Too much to do; we had to hurry; the worktasks accumulated during
the workday

Interpersonal relations

22

49

Response to unanticipated
behavior (9)

I visited a client that fainted, I had to call the physician; the client did
not want to cooperate; customers arrived unexpectedly; customers
expected feedback on short notice

Threatening behavior of
customers (2)

Many of the drug addicts and alcoholics came in from outside the
store this morning . . . . Got nervous . . . . Some can be threatening –
I got hit in my stomach once; the customers who pass the line and go
directly to the cashier – they come close to you in a way you don’t
like

Irritation and frustration with
customers (7)

I had to spend much time discussing – I became exhausted and
resigned; customers fussing; many kids – they quarreled and threw
goods all around – I got angry; got irritated with a customer who
showed up right before closing time; during a day I call people that
do not pay on their loan – I had three calls like that today

Irritation and frustration with
colleagues (4)

Got irritated with my colleague – she had so many phone calls; I
worked on a case where I had to make some effort thinking through
and discussing with my colleagues; I had to follow up something that
other colleagues did not do

Worry or concern

I was in a different group today … do not know the routines … and you
do not know how the other person works with you and if you can
finish the job; today the computer system has been down – more
stressed because you do not know what to do and must ask others
for help

Deviation from regular work

5

11

Biomechanical

3

7

When we get the clients to bed – that is when we do the body work

Other

2

4

Get more exhausted in the evening; headache

No specific reason

4

9

a

Number of respondents in parentheses.

Perceived work stress was separately probed at the end
of the work period regarding reasons for an elevated
VAS score. The questions on perceived work stress and
tension were distinguished by pointing to a work exposure (“stressful environment”) and a bodily response
(“tension”), respectively. There was considerable overlap in the responses to the two questions; however,
the perceived causes of elevated tension and work stress
were distinctive for 15 subjects. Of these, 11 subjects
associated elevated tension with a negative emotional
situation involving other persons. Twelve subjects
associated elevated work stress with time pressure
or high workload without mentioning any emotional
qualities.
Mental fatigue was the only hourly scored variable
that co-varied with hourly tension (r=0.40, P=0.02)
when the designated high- and low-tension periods were
compared. The recordings of shoulder and neck pain,
work stress, and physical fatigue did not correlate with
hourly tension. Daily tension and perceived general tension were compared, and they showed a clear correlation, but with considerable scatter from the regression
line (figure 2). The subjects with low perceived general
tension had, on the average, higher scores for daily tension, while the reverse association was true for those
with high perceived general tension.

Figure 2. Scatter plot of perceived general tension the last two months
(PGT) versus mean tension on the recorded workday (daily tension).
Scoring on a visual analogue scale (VAS) was used for both variables;
daily tension is the mean of the hourly tension score during work. The
Spearman and Pearson correlation coefficients were equal.

Physiological recordings
Large interindividual variation was observed in the
EMG responses; this occurrence improved the sensitivity in detecting associations between the EMG variables
Scand J Work Environ Health 2003, vol 29, no 2
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and tension. Nevertheless, perceived general tension,
hourly tension, and daily tension did not correlate with
static or median EMG activity or with EMG rest time
in the corresponding time periods. In contrast, the increase in hourly tension from the low to high periods
was associated with increased median EMG activity
(figure 3A) and reduced EMG rest time (figure 3C). The
regression line indicates that an increase of 4 to 5 cm in
hourly tension is associated with an increase in EMG
activity of about 2% EMGmax. If one outlying data point
in the two scatter plots is removed (arrows in figure 3A
& C), the correlation was strengthened for the median
EMG activity (ρ=0.45, P=0.001), but was reduced and
no longer significant for rest time (ρ= –0.20, P=0.09).
The same procedure of comparing changes in a per-

ceived stressful work environment with the corresponding changes in the EMG variables showed no significant associations (figure 3B & D). Heart rate was elevated in the high-tension versus low-tension periods (88
versus 85 beats/minute, P<0.01), but did not show a differential association with hourly tension.
Some workers described worktasks with a biomechanical exposure component (eg, putting patients to
bed) in their high-tension period; others described situations with predominant mental or emotional stress (eg,
participating in meetings or dealing with difficult customers). If only those with elevated tension due to mental or emotional stress were included, the correlations
between tension and muscular activity strengthened
(median EMG activity: ρ=0.59, P< 0.001; EMG rest

Figure 3. Difference between the periods of high and low perceived tension during the workday versus the corresponding difference in median
trapezius electromyographic ( EMG) level (A) and EMG rest time (C). Arrows mark data points considered outliers. Similar scatter plots of the
differential score between the highest and lowest periods of a stressful work environment versus the corresponding difference in median EMG level
(B) and EMG rest time (D). Spearman rank correlation coefficients (ρ) are shown in boxes. The regression lines are based on a Pearson correlation
analysis. The Pearson correlation coefficients were 0.34 (P<0.02, median EMG activity) and –0.40 (P<0.005, EMG rest time) for the tension plots
(A, C) and 0.06 (P=0.69, median EMG activity) and –0.19 (P=0.18, EMG rest time) for the “stressful environment” plots (B, D).
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time: ρ=–0.48, P=0.007; N=29). There was no improvement in the correlation between a stressful work environment and muscular activity if the workers indicating
a biomechanical exposure component in their high-stress
period were excluded (work stress versus median EMG
activity: ρ=–0.02, P=0.92; work stress versus EMG rest
time: ρ=0.02, P=0.91; N=30).

tion approaches focusing on the individual worker
should be considered. Coping with stress seems to be
important in this respect; the processing of external stimuli and the expectancy of the outcome determine whether a stimulus is “stressful” or not (21). Coping is defined
as expectancy of a positive response outcome, and it is
important for subjective health complaints, in particular
muscular pain (22).

Discussion

Tension as a musculoskeletal activation response

Tension as a critical response variable to psychosocial
stress
The association between perceived general tension and
the questionnaire variables indicates that both the work
environment and personal characteristics contribute to
workers’ state of tension. The specific descriptions of
exposure situations that cause high tension reflect the
study setting, comprising an all-female study population
of service workers; however, the impression of tension
as an emotional stress response caused by close contact
with other people in combination with a demand for
good performance was noted. The significant relationship between muscle tension and emotional states like
worry and anger in a Swedish study, based on six different occupations, indicates that negative emotions are
generally causative in tension development (4). Tension
appears to be distinguished from a “stressful environment” as a putative risk factor for shoulder and neck
pain. Tension, more than a stressful environment, was
associated with negative emotional responses in the interviews. A differential association of the two variables
with shoulder and neck pain was observed: pain-free and
pain-afflicted workers perceived their work environment
as equally stressful, but the pain-afflicted workers reported higher tension during work (10).
The descriptions of reasons for elevated tension in
the qualitative interview were supported and elaborated
in the description of events causing tension the same
day. The variety in such situations is striking. From a
work environment perspective, it appears that simply
scoring stress level or using simple checklists to evaluate the psychosocial work environment is likely to be
inadequate as a basis for psychosocial intervention. Furthermore, tension arises in the interaction between a
person and his or her surroundings. An intervention effort that aims to lower tension, and thereby potentially
reduce the occurrence of shoulder and neck pain, must
consider this interaction for the best result. Primary interventions to reduce work-related musculoskeletal disorders traditionally aim to improve the work environment independently of the worker (20). The problem for
these workers is related to the nature of their work,
which is not easily changed, and alternative interven-

We have previously found an inconsistent association
between perceived general tension and muscular activity. Some evidence was found for a correlation between
perceived general tension and muscular activity in a
group of workers performing predominantly manual
work, but this was not the case for another group of office workers (7). Our present study shows the same lack
of association between average muscular activity at work
and perceived general tension, hourly tension, or daily
tension (see also reference 8), but it extends the previous results by showing an association of trapezius activity with hourly tension in intrasubject comparisons of
high- and low-tension periods on the same day. The low
activation response of the muscle (≤2% EMGmax), relative to the individual variation in upper trapezius usage
(typically 2–10% EMGmax in these work situations) helps
to explain why no association was found between tension and trapezius activity in straight comparisons. The
EMG response is consistent with the perception of tension as an elevation of the shoulders, and the statistical
significance of this association is strong, especially
when subjects experiencing evident biomechanical exposure in the high-strain period were excluded. However, variation in EMG activity within the high- and lowtension periods was observed, and the differential tension and EMG responses were no longer significantly
correlated if the high- and low-tension periods were restricted to the 1 hour of the extreme score. The association between perceived general tension and the EMG
variables is therefore at best an indication of a low-level physiological response that should be confirmed by
other studies. The contrasting behavior of “perceived
tension” (highly significant association) and “stressful
environment” (no association) with respect to EMG activity is nevertheless interesting. A possible interpretation is that the “objective” description of the environment is a less precise pointer to a physiologically relevant response and, potentially, harmful health effects in
the longer term.
The indication of stress-induced muscular activity in
ambulatory recordings is consistent with laboratory studies, which first demonstrated muscular activation responses to cognitive and emotional stress early in the
last century (23–25). Such responses were later
Scand J Work Environ Health 2003, vol 29, no 2
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demonstrated in simulated work situations (26–28). The
contrasting findings of a low muscular activation response and a high consistency of perceived general tension in association with shoulder and neck pain can be
resolved in at least two ways, disregarding central
mechanisms in pain induction and the possible contribution of other shoulder and neck muscles to pain. The
physiological risk factor may be sustained activation of
low-threshold motor units not quantified by surface
EMG, compare the “Cinderella” hypothesis (29), or a
parallel activation of other physiological systems that
is more critical to pain development (30). Tentative evidence exists in support of either alternative. Sustained
activation of low-threshold motor units during stress has
been demonstrated (31) and stress-induced shoulder
pain has been associated with low-level trapezius activity in the laboratory (32). Conversely, stress activates
many physiological systems (33, 34), and the subjects
in our present study described autonomic activation responses during high-tension periods. Localized physiological responses in patient groups with shoulder pain,
possibly involving sympathetic activation of muscle
spindles, have been reported (35). Currently, no definite conclusion can be drawn regarding the physiological mechanisms that induce or exacerbate stress-induced shoulder and neck pain.

Tension as state or trait
Perceived general tension is elucidated in this report
through an examination of the causes of hour-to-hour
changes in a similar descriptive variable, hourly tension.
Tension, as a short-lasting stressor response, is not a
threat to health; such responses are a healthy and necessary aspect of life (36). Hour-to-hour observations of
changes in tension may, however, still be a valid pointer to harmful psychosocial exposures in the longer term,
by analogy with the concepts of allostasis and allostatic load. Allostasis is defined as the ability of the body
to increase or decrease vital functions to meet a new
steady state of challenge, while long-term effects of
physiological responses to stress are referred to as allostatic load (37, 38). The pathway from allostasis to allostatic load is associated with frequent stress, no adaptation to repeated stressors, inability to shut off allostatic responses after stress is terminated, and compensatory increases in one physiological system due to inadequate responses in other systems (38, 39). The transfer from a short-lasting tension response to a chronic
tension state may follow one of several physiological
response pathways; however, an activation mechanism
involving shoulder girdle muscles seems prominent.
A future research question is whether and how work
organizational and psychosocial factors are causal with
respect to musculoskeletal disorders. It is suggested that
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new research paradigms are needed to study dynamic
processes associated with these factors (40, 41). The
monitoring of tension can be a useful intermediate response variable in this respect. Likewise, it appears that
a study design that includes qualitative methods can be
a useful supplement to traditional epidemiologic methods.
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