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Abstract

Background: Repetitive and stressful work tasks have been linked to the development of pain in
the trapezius muscle, although the underlying mechanisms still remain unclear. In earlier studies, it
has been hypothesized that chronic muscle pain conditions are associated with imbalance in the
autonomic nervous system, predominantly expressed as an increased sympathetic activity. This
study investigates whether women with chronic trapezius myalgia show higher muscle activity and
increased sympathetic tone at baseline and during repetitive low-force work and psychosocial
stress, compared with pain-free controls.

Methods: Eighteen women with chronic trapezius myalgia (MYA) and 30 healthy female controls
(CON) were studied during baseline rest, 100 min of repetitive low-force work, 20 min of
psychosocial stress (Trier Social Stress Test, TSST), and 80 min recovery. The subjects rated their
pain intensity, stress and energy level every 20 min throughout the experiment. Muscle activity was
measured by surface electromyography in the trapezius muscle (EMGtrap) and deltoid muscle
(EMGdelt). Autonomic reactivity was measured through heart rate (HR), skin conductance (SCL),
blood pressure (MAP) and respiration rate (Resp).

Results: At baseline, EMGtrap, stress ratings, and HR were higher in MYA than in CON. Energy
ratings, EMGdelt, SCL, MAP and Resp were, however, similar in the two groups. Significant main
group effects were found for pain intensity, stress ratings and EMGtrap. Deltoid muscle activity and
autonomic responses were almost identical in MYA and CON during work, stress and recovery.
In MYA only, pain intensity and stress ratings increased towards the end of the repetitive work.

Conclusion: We found increased muscle activity during uninstructed rest in the painful muscle of
a group of women with trapezius myalgia. The present study could not confirm the hypothesis that
chronic trapezius myalgia is associated with increased sympathetic activity. The suggestion of
autonomic imbalance in patients with chronic local or regional musculoskeletal pain needs to be
further investigated.
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Background

Chronic myalgia is a complex and multifactorial condi-
tion, affecting significantly more females than males,
whose etiology and pathophysiology are sparsely known.
Musculoskeletal pain is often exacerbated by mental and
social stress and it is suggested that psychophysiological
mechanisms play an important role in the development
and maintenance of chronic pain states [1]. Passatore and
Roatta [2] advocate that stress may facilitate the develop-
ment of chronic pain states, irrespective of their origin.

There is a growing body of evidence for high quantitative
demands, lack of support from colleagues, low job control
and low influence being related to the development of
neck pain [3]. Evidence for a relation between mental
stress at work and upper extremity complaints has been
reported by Malchaire et al. [4] and Bongers et al. [5].
Mental stressors are thought to increase the risk of devel-
oping a musculoskeletal disorder in the neck/shoulder
region, particularly so in occupations of low physical
demand [6].

It has been proposed that low load repetitive work pro-
motes over-activity of low threshold motor units resulting
in muscle morphological changes, fatigue and pain [6].
Surface electromyography (EMG) can be used to investi-
gate force and endurance (fatigue) aspects of muscles.
Altered neuromuscular control in patients with pain has
been a focus both in research and in clinical practice dur-
ing several years. Using EMG, certain aspects of the neu-
romuscular control such as muscle relaxation and
synchronization of activity between muscles have been
investigated [7]. For example, based on clinical observa-
tions that patients with myalgia have tender muscles it is
often assumed that a vicious circle of pain and hyperactiv-
ity exist in chronic pain. The supposed increased muscle
tension is clinically targeted for intervention with the pur-
pose of reducing pain. However, research using EMG
shows a more complex situation.

Acute nociception/pain can lead to altered sharing between
muscles within an anatomical region, but also to a
changed spatial distribution of EMG activity within a mus-
cle, i.e., trapezius [8,9]. During dynamic muscle contrac-
tions, increased EMG activity has generally been found in
parts of the contraction cycle [10-16]. Several of these
studies relate their results to the pain-adaptation model
[17]. According to this model, a decrease in agonist mus-
cle activity and an increase in antagonist muscle activity
will be found as a consequence of nociception. There are,
however, indications that during maximal contractions
local pain inhibits activity specifically of painful muscles
but not activity of pain free synergistic muscles [18].

Previous studies have investigated the influence of mental
stress on EMG activity of the trapezius muscle, and a sig-
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nificant increase in trapezius EMG activity has been found
during mental stress and cognitive task performance
[6,19]. Moreover, Lundberg et al. [20] found higher levels
of trapezius muscle activity during mental and physical
work stress in people with trapezius myalgia and substan-
tial neck/shoulder pain than in pain-free individuals.

Several models of the pathophysiology of chronic pain
pay attention to the autonomic involvement in the patho-
genesis [2,21]. Altered activity in the sympathetic nervous
system, i.e., increased or decreased reactivity in response
to stimuli, has been implicated in the genesis of muscle
pain [22]. Sympathetic involvement in the activation of
muscle fibers is a potential explanation for the association
between altered autonomic activity and the development
of musculoskeletal pain. A recent study [23] has shown
that the sympathetic nervous system modulates the con-
tractility of skeletal muscle fibers, providing evidence for
a link between the autonomic and motor systems. Fur-
thermore, the autonomic nervous system is believed to
undergo plastic changes in chronic pain states [24]. There
is evidence that the autonomic state of patients with fibro-
myalgia, i.e., persistent generalized pain and hyperalgesia,
is characterized by increased sympathetic and decreased
parasympathetic tone at baseline [25], with concurrent
sympathetic hyporeactivity to various stressors [26]. How-
ever, little is known about the autonomic regulation in
patients with local or regional pain. Previous studies of
whiplash associated disorders and chronic low back pain
have shown indications of increased sympathetic and
decreased parasympathetic activity, which could be a sign
of autonomic imbalance [22,27].

Although several studies have been published on the
topic, mainly focusing on widespread pain, the mecha-
nisms behind initiation and maintenance of chronic mus-
culoskeletal pain still remain unclear. The potential link
between muscle over-activity and development of pain in
the neck/shoulder region is yet to be confirmed. Earlier
laboratory studies have used functional tests, low-grade
mental stress or repetitive tasks of short duration to inves-
tigate if muscle activity or sympathetic activity is altered in
patients with chronic musculoskeletal pain. Contradic-
tory results have been reported and in order to explore
potential alterations/dysfunctions further, we used repeti-
tive work tasks of longer duration and a powerful psycho-
social stressor in this study.

The aim of this study was to assess whether women with
chronic trapezius myalgia show different physiological
reactions, compared with pain-free controls, during exper-
imental repetitive low-force work and a standardized psy-
chosocial stress test. Although the study was mainly
explorative, it was hypothesized that the chronic pain
patients would show higher trapezius muscle activity and
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increased sympathetic tone at baseline and in response to
repetitive work tasks and psychosocial stress.

Methods

Subjects

Subjects with trapezius myalgia

In order to recruit subjects with trapezius myalgia
(denoted MYA), the medical reports of former female out-
ward patients who had been referred to the multidiscipli-
nary Pain and Rehabilitation Centre at Linkoping
University Hospital due to: neck myalgia and with the
international classification of diseases (ICD) number M
79.1, or cervicalgia ICD number M 54.2, or cervico-bra-
chial syndrome ICD number M 53.1 and with no other
diagnosis were identified. Invitation letters with informa-
tion about the study were sent to 220 former patients.
Those who volunteered to participate were contacted by
telephone and 24 of them were invited to be examined by
a standardized clinical neck and shoulder examination
[28] and to complete the Nordic Ministry Council Ques-
tionnaire (NMCQ), which was used to survey their
present pain [29]. The clinical examination includes ques-
tions on pain, tiredness and stiffness on the day of exam-
ination, as well as physical tests including; range of
motion and tightness of muscles, pain threshold and sen-
sitivity, muscle strength and palpation of tender points.
Diagnosis of trapezius myalgia includes: neck pain at the
examination day, tightness of the trapezius muscle, i.e., a
feeling of stiffness in the descending region of the trape-
zius muscle reported by the subject at examination of lat-
eral flexion of the head, and palpable tender parts in the
trapezius muscle. Range of motion of the cervical
columna is to be normal or slightly decreased. The exam-
iner was a physician (BLa), specialized in occupational
medicine. The examiner was aware of to which group the
participants belonged.

Eligible subjects were those women who reported pain in
the descending region of the trapezius muscle during the
last seven days and reported neck and shoulder pain more
than 90 days over the last 12 months. Moreover, subjects
should not report pain during the last seven days from
more than three body regions according to the NMCQ.

The following exclusion criteria were used: 1) signs of
tendinitis or joint affections in the shoulders, 2) prior
neck trauma, 3) rheumatoid arthritis or other systemic
diseases, 4) neurological diseases, 5) metabolic diseases,
6) fibromyalgia syndrome (determined by tender point
examination and pain drawing according to the ACR cri-
teria of 1990) [30]. The exclusion criteria were assessed by
interview at the first telephone contact and by examina-
tion.

Through these criteria eighteen women with chronic tra-
pezius myalgia (MYA) were recruited for the study (Table
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1). Two subjects reported that their pain was intermittent
and 16 reported constant pain.

Healthy controls

Thirty age-matched healthy women with no neck/shoul-
der pain (denoted CON) comprised the control group
(Table 1). The control subjects were recruited via adver-
tisements in daily newspapers. They were investigated
using brief versions of the clinical examination. Exclusion
criterion, in addition to the above mentioned, was the
presence of pain in the neck/shoulder region for more
than 2-3 days during the last 12 months.

Ethics

After receiving verbal and written information about the
study, all MYA and CON subjects signed a consent form
that was in accordance with the Declaration of Helsinki.
The study was granted ethical clearance by the Linkoping
University Ethics Committee (Dnr M46-07).

Procedure

In the experimental session, the subjects reported to the
laboratory in the morning. The subjects were asked not to
use any medications two days before the experimental
day, except paracetamol preparations if needed, and to
refrain from intake of caffeine and nicotine 12 hours prior
to the study. Subjects were also instructed not to perform
any strenuous exercise of the neck/shoulders on the day
preceding the experiment. Firstly, one of the physicians
(BGe or BLa) met the subject during approximately 15
min. It was checked that she had understood the experi-

Table |I: Characteristics for 18 subjects with chronic trapezius
myalgia (MYA) and 30 pain-free controls (CON).

MYA CON
Mean (SD)  Mean (SD)  p-value

Age 40.0 (6.0) 39.9 (5.6) >3
Height (cm) 168.4 (4.7) 167.5 (5.0) >3
Weight (kg) 748 (11.2) 67.0 (9.4) 014
BMI (kg/m2) 264 (3.7) 23.8 (2.9) 012
MYA group's pain history and pain intensity

Median Range
Months with pain 126 37-1273
Months with chronic pain 101 361273
VAS neck 70 40 - 90
VAS shoulders 67 19-88
VAS arms 59 0-72
VAS hands/wrists 49 0-86
VAS upper back 42 0-77
VAS lower back 26 0-85
VAS hips 3 0-84
VAS knees 0 0-78
VAS feet 0 0-78

Pain intensity was measured using visual analogue scale (VAS) and
concerned the previous 30 days.
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mental part of the study and still wanted to participate,
that no important changes had occurred in her medical
status and that the instructions with respect to pharmaco-
logical treatment, exercise, food intake and caffeine/nico-
tine had been followed.

Thereafter, two custom-made microdialysis catheters were
inserted into the trapezius muscle at a standardized ana-
tomical point on the most painful side for the MYA group
and on the dominant side for the CON group, as
described by Larsson et al. [31]. Results from microdialy-
sis and details regarding the microdialysis method will be
presented elsewhere. The experiment started with a 120-
min resting period to allow the tissue to recover from pos-
sible changes in the interstitial environment caused by the
minimal trauma of catheter insertion [32]. Equipments
for blood pressure measurements and continuous physio-
logical recordings were fitted to the subject. During this
resting phase, the subject was given a standardized meal,
which was served 80 min after start of the experiment.

The data acquisition began with a 20-min baseline period
- still at rest. During baseline, the subjects were seated in
a comfortable chair and were told to avoid movements
activating the neck/shoulder muscles. A low-force repeti-
tive work was then performed for 1 h and 40 min (Figure
1), utilizing three work stations described below. The pur-
pose was to exacerbate pain in the trapezius myalgia
group, especially in their most painful trapezius muscle,
by performing repetitive exercises predominantly with
their most painful side.

During the work period, the three work stations were
alternated in 20-min intervals starting with Simulated
Assembly, that was performed only once, followed by the
Fine Finger Dexterity and peg-board exercises that both
were performed twice. Following these exercises, the sub-
jects performed the Trier Social Stress Test (TSST). The
experiment ended with an 80-min recovery period at rest.

Pain was rated shortly after catheter insertion and then
every 20 min throughout the experiment, starting at the
baseline period. Electrocardiogram, skin conductance,

120 min -0,
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respiration, and surface electromyogram signals were con-
tinuously recorded, starting at the baseline period. Blood
pressure measurements were made every 20 min during
baseline and work periods, increasing to every 10 min
during TSST and recovery.

Work stations

Two standardized work stations (Valpar Component
Work Stations, VCWS; Valpar, Tucson, USA) and one peg-
board exercise, previously described by Rosendal et al.
[32] were utilized. The work pace for each station was
determined by pilot trials and set to meet the require-
ments in the VCWS protocols.

The VCWS08, Simulated Assembly, is a repetitive assem-
bly work requiring manipulation and bilateral use of the
upper extremities. The work sample exercise is characteris-
tic for conveyor belt-assembly jobs, in which the product
moves towards and away from the workers on an assem-
bly line. The subject was positioned in front of the work
sample and, as the assembly wheel turned at a constant
speed, she made as many three-part assembly operations
as possible within the 20 min time limit. First, the subject
placed a pin in a hole on the assembly wheel. Next, she
placed a spacer on the pin and finally a cap on top of the
spacer. Correct assemblies were automatically counted
and recycled back into part bins at the front of the work
sample. The subjects were instructed to keep a rate of 13
assemblies per minute, which was checked by the experi-
menter.

The VCWS204, Fine Finger Dexterity work sample, simu-
lates sedentary work and, in this study, two exercises were
performed. In the first exercise, the subject used her hand
on the dominant/most painful side to turn five grooved
metal rods (finger screws) into a bar and then turn the five
screws all the way out of the bar again, as quickly as she
could. In the second exercise, wiring, the subject threaded
a nylon wire through 20 metal pins that first needed to be
lifted out of holes and held in place by reverse-tension
tweezers as the wire was threaded. The subjects were
instructed to work as fast as they could and to strive for
two or more complete cycles during the work period.

100 min 20 min - 80 min

i — -

Baseline

Work ' Recovery

Continuous recordings

Subjective ratings I I I

Blood pressure T I I
Figure |

Experimental protocol. The continuous recordings were electromyogram, electrocardiogram, skin conductance and respi-
ration. Subjective ratings comprised pain intensity ratings and the stress-energy questionnaire.
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The peg-board exercise, a repetitive arm movement task
that was performed with the dominant/most painful arm,
consisted of moving short wooden sticks (11.8 g) back
and forth between standardized positions 30 cm apart on
a pegboard at a frequency of 1 Hz indicated by an elec-
tronic metronome (Korg Inc., Tokyo, Japan); for details
see [32].

TSST

The Trier Social Stress Test (TSST) is a valid and reliable
standardized psychosocial stressor, which was first
described by Kirschbaum et al. [33]. The TSST protocol
consists of a 10-min preparatory and information period,
a 5-min speech and a 5-min verbal arithmetic task. For all
subjects, the TSST took place between 1.30 pm and 3.30
pm to minimize confounds from diurnal variation in hor-
mone levels. The experimental sessions were scheduled
day 1-10 in the menstrual cycle, i.e., the follicular phase,
since cortisol reactivity to the TSST changes over the men-
strual cycle [34].

Summarized, the subject was led to the TSST room where
she was instructed to stand behind a microphone in front
of a committee, consisting of two men and one woman.
The experimenter instructed the subject to deliver a 5-min
speech as for a job application, for which she had approx-
imately 5 min to prepare, and that a second task would
follow. After the job interview, the subject had to solve a
verbal arithmetic task, in which she had to count back-
wards from 1687 in steps of 13 as quickly and correctly as
possible. In case of miscalculation, the subject had to start
over from 1687. The verbal arithmetic task also lasted 5
min. Before starting, the subject was informed that the
whole session would be videotaped and voice recorded,
and that the committee was trained in behavioral observa-
tion. This incorrect information was given as an addi-
tional stressor and was explained to the subject in a
debriefing session after completion of the TSST.

Measurements

Pain ratings

Throughout the experiment, the subjects were asked to
rate their pain intensity on a graphic rating scale, i.e., a vis-
ual analogue scale with numbers (0 - 10) provided along
the scale for guidance. The scale was drawn on a 100-mm
line and anchored with "no pain" and "worst possible
pain". All pain ratings concerned pain in the trapezius
muscle of both the dominant (for CON) or most painful
(for MYA) side (PAINdomp) and the contralateral side
(PAINClat). Pain ratings were obtained at the end of each
20-min period.

Stress-Energy questionnaire
Every 20 min throughout the experiment, subjects com-
pleted the Stress-Energy Questionnaire[35], which is an
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instrument with two scales that measure two critical
aspects of mood at work. The Stress scale represents a
dimension ranging from positively evaluated low activa-
tion (relaxed) to negatively evaluated high activation (dis-
tressed), whereas the Energy scale deals with the
dimension ranging from negatively evaluated low activa-
tion (dull) to positively evaluated high activation (enthu-
siastic). The instrument includes 12 adjectives, six in each
dimension. Three adjectives within each dimension are
positively loaded and three are negatively loaded. The
checklist uses a six-point response scale (0-5) for each
item, ranging from "not at all" to "extremely". The follow-
ing items are included: "rested", "relaxed" and "calm"
(low stress); "tense", "stressed" and "pressured" (high
stress); "active", "energetic" and "focused" (high energy);
"dull", "inefficient" and "passive" (low energy).

Stress and energy scores are calculated as mean ratings of
the six items after reversal of the items standing for low
stress and low energy. High values thus indicate a high
stress and high energy level, respectively. For the Stress
scale, the neutral point (neither stressed nor calm) has
been calculated to be 2.4, and for the Energy scale the cor-
responding value is 2.7. The Stress-Energy questionnaire is
a valid instrument for assessing stress at work [36].

Electromyogram

Surface electromyogram (EMG) signals were recorded
from the descendent part of the trapezius muscle and the
deltoid muscle on the dominant/most painful side using
surface electrodes positioned according to SENIAM rec-
ommendations http://www.seniam.org[37]. The skin was
first dry shaved and then cleaned with an alcohol and
ether solution (4:1). Two recording silver-chloride elec-
trodes (Ambu, Ballerup, Denmark), with a diameter of 7
mm, abraded with redux paste, were placed 20 mm apart
(center to center distance)on the skin. A reference elec-
trode was attached over the process spinosus at C7 level.

The electric signals were recorded with a digital wireless
acquisition system featuring differential high impedance
(>10 GQ) inputs, -50 mV to +35 mV range, 0-280 Hz
bandwidth, and <3 pVgyg noise. Each channel was A/D
converted with 16 bit resolution at 1,000 samples per sec-
ond, and the data were stored on a computer. The EMG
recording system was custom made by the Department of
Biomedical Engineering and Informatics, University Hos-
pital, Umed, Sweden. When the electrodes were applied,
the signal quality was checked visually on the screen of the
PC. The recording of EMG data started at the baseline
period and continued throughout the experiment. For the
recordings during the experiment, 5-min segments of
EMG data were collected from the middle of each 20-min
period.
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Before the experiment, reference recordings were per-
formed to relate the EMG activity during the experiment,
since individual differences in muscle size, thickness of
skin and subcutaneous fat etc. can influence the signal
strength. The reference recordings also provide a possibil-
ity to investigate the subject's ability to relax the trapezius
muscle when instructed to do so. The subject was first
instructed to relax the neck/shoulder muscles completely
with her hands passively resting on the thighs while sitting
comfortably. Thereafter, the subject performed two brief
(5-6 sec) static shoulder forward flexions (90 degrees)
with a 2 kg dumbbell, resting 1-2 minutes between the
contractions. The reference recordings ended with another
neck/shoulder relaxation. From these recordings, four 5-
sec segments were selected for analysis, i.e., two relaxation
segments and two contraction segments.

EMG data were high pass filtered with 6:th order digital
Butterworth filters cutting off frequencies below 15 Hz. In
order to suppress distinct interference from the power
mains, 1 Hz wide 3:rd order Butterworth notch filters cen-
tred at 50 and 100 Hz respectively were applied. Root
mean square (RMS) amplitude (uV) was calculated in the
time domain for each 5-min segment from the experiment
and 5-sec segment from the reference recordings. The var-
iables were denoted EMGtrap for the trapezius muscle and
EMGdelt for the deltoid muscle. Prior to filtering and RMS
calculation, the raw data were checked for amplifier out-
put clipping due to large DC levels appearing if the sub-
jects happened to squeeze the EMG electrodes: data points
being closer than 0.5 mV to maximal positive or negative
amplifier input range, and their neighbour data points, 1
s before and 1 s after, were considered unreliable and were
discarded. In total, 5.5% of the trapezius EMG data and
5.8% of the deltoid EMG data were discarded.

Electrocardiogram, skin conductance and respiration
Electrocardiogram (ECG), skin conductance level (SCL)
and respiration measurements were made using ProComp
Infiniti recording system (Thought Technology, Montreal,
Canada), an 8-channel recording system with 14 bit reso-
lution. After filtering and amplification, data were digi-
tized and transmitted via Bluetooth for real-time
presentation and storage on a computer. SCL and respira-
tion measures were sampled at 32 Hz, whereas ECG was
sampled at 256 Hz.

The ECG was recorded with a standard lead II placement,
using three electrodes placed on the left and right clavicles
and on the lower left side of the chest. The electrodes used
were disposable pre-gelled Ag/AgCl electrodes. Channel
input range was 0-12 mVy,,s with a bandwidth of 0.05
Hz-1 kHz and accuracy + 3 puVpy,s. The negative electrode
was placed on the right clavicle, the ground electrode on
the left clavicle and the positive electrode was placed on
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the lower left side of the chest. Heart rate (HR, beats/min)
was calculated via R-wave detection.

SCL was measured with two disposable pre-gelled Ag/
AgCl electrodes (1 cm contact area diameter) on the the-
nar and hypothenar eminences on the non-dominant/
least painful side. Channel range was 0-30.0 uS with + 0.2
uS accuracy. During SCL recordings, the voltage across the
electrodes was held constant at 0.5 V.

Respiration, measured as chest expansion, was recorded
using a strain sensitive sensor strapped around the chest.
Respiration rate (Resp, breaths/min) was computed
breath-to-breath from the respiration signal.

During the experiment, ECG, SCL and respiration data
were collected in 5-min segments from each 20-min
period and HR and Resp were calculated from each seg-
ment. Default 5-min segment was minute 10-14 within
the 20-min period, which was chosen in order to mini-
mize disturbances from transportation and other meas-
urements made in the beginning and at the end of each
20-min period.

Blood pressure

Blood pressure measurements were carried out with the
oscillometric method using an automatic ambulatory
blood pressure monitor (90217 ABP monitor; SpaceLabs,
Redmond, USA). Measurements were done in the non-
dominant/least painful arm and appropriately sized cuffs
according to arm circumference were used. Systolic,
diastolic and mean arterial blood pressures (MAP,
mmHg) were recorded in each measurement. Blood pres-
sure measurements were made every 20 min during base-
line and work periods and every 10 min from TSST and
onwards.

Statistical analyses

All statistical analyses were conducted in SPSS version
15.0 for Windows (SPSS Inc.). Kolmogorov-Smirnov tests
were performed to identify variables not normally distrib-
uted.

As a simple approach to compare the two groups (MYA
and CON), independent samples t-tests were performed
on baseline data, as well as on mean values for the entire
experiment. To assess possible differences between MYA
and CON in their autonomic responses and muscle activ-
ity responses to psychosocial stress, the measurements
taken during TSST were tested. For EMG data, the refer-
ence recordings were also compared between groups. Pain
ratings and EMG data were not normally distributed
according to the Kolmogorov-Smirnov test. Therefore,
tests for differences between groups were instead con-
ducted with the Mann-Whitney U-test.
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A linear mixed regression model was then fitted using
restricted maximum likelihood with pain intensity, stress,
energy, EMG, HR, Resp, MAP and SCL as the dependent
variable, respectively. In the mixed model analyses, sub-
ject (1 to 48) was applied as a random factor and the fixed
categorical independent variables were group (MYA and
CON) and time (20-min sampling period 1 to 11). Possi-
ble interaction between group and time was also assessed
and included in the model if the interaction effect was sig-
nificant. Bonferroni corrected post hoc tests were per-
formed when significant main effects were found. The
time dependence within in each subject was modeled as
autoregressive with a single time lag (AR [1]). Similar
results were obtained when we instead modeled the time
dependence as autoregressive moving average with single
time lags (ARMA [1,1]); these results are therefore not pre-
sented. Weight was applied as a covariate in the mixed
model analyses to control for the difference in mean
weight between the MYA and CON groups (Table 1). For
the analyses of EMG data, all four reference recordings for
EMGtrap and EMGdelt respectively were applied as addi-
tional covariates. Since EMG data were not normally dis-
tributed, EMGtrap and EMGdelt were In-transformed
before analysis.

Correlations between pain intensity, stress ratings and all
physiological variables were calculated for each 20 min
period using Spearman rank correlations. In all statistical
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analyses, the two-tailed significance level was set at o =
0.05.

Results

Baseline and reference recordings

The MYA group reported significantly higher baseline
pain ratings than the controls (Table 2) both in the dom-
inant/most painful side (PAINdomp) and the contralat-
eral side (PAINclat). They also reported higher stress
ratings during baseline than the controls but energy rat-
ings did not differ between the groups. Baseline trapezius
muscle activity (EMGtrap) was significantly higher in
MYA than in CON. For the deltoid muscle, the baseline
level of EMGdelt was not significantly different between
the two groups. The MYA group had significantly higher
HR at baseline compared with the CON group (Table 2).
There were no significant baseline differences in SCL, Resp
and MAP between the two groups.

There were no significant differences between MYA and
CON groups in the reference measurements of EMGtrap
(Figure 2, p-values from .15 to .95). Likewise, the refer-
ence relaxation measurements of EMGdelt were not sig-
nificantly different between MYA and CON groups (p-
values .28 and .47). However, the reference contraction
measurements showed that MYA had significantly lower
EMGdelt than CON (p-values .009 and .013) when hold-
ing a dumbbell at 90 degrees forward flexion.

Table 2: Tests for differences between the chronic pain group (MYA) and controls (CON) in their subjective ratings, muscle activity

and autonomic variables.

Baseline Overall mean TSST

Measure CON MYA p-value CON MYA p-value CON MYA p-value

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
PAINdomp 4 (10) 50 (39)2 <.001b 7 (10)2 68 (38)2 <.001® 3 (10)2 72 (45)2 .001®
(mm)
PAINCclat 0 (0) 20 (25)2 <.001b 0 (0) 30 (36)2 <.001® 0 (0) 30(49)2 <.001b
(mm)
Stress 7 (.5) 1.5 (.8) <.001 1.5 (.5) 2.2 (.5) <.001 3.6 (1) 3.7(9) >3
(S-E score)
Energy 1.9 (.9) 1.9 (.6) >3 2.6 (.5) 25 (4) >3 3.4 (.6) 2.9 (.8) 015
(S-E score)
EMGtrap 10.4 (17)2 25.9 (35)2 .013® 37.6 (42)2 56.3 (58)2 .055b 17.1(41)2 23.2 (28)2 >3b
(1Y)
EMGdelt 8.8 (15)2 11.8 (27)2 .103b 325 (22)2 44.7 (42)2 >3b 10.1 (9)2 10.8 (31)2 >3b
(V)
HR 66.3 (8.3) 72.7 (8.0) 013 779 (8.1) 80.5 (10.9) >3 94.6 (16) 93.2 (23) >3
(beats/min)
SCL 5.0 (42) 5.9 (5.6) >3 10.5 (4.5) 11.4(2.9) >3 14.1 (5) 16.6 (5) 123
(M)
Resp 16.3 (2.2) 16.7 (1.8) >3 17.5 (1.9) 17.5 (1.5) >3 15.6 (2) 15.1 (2) >3
(breaths/min)
MAP 883 (7.7) 86.8 (9.4) >3 93.5(6.7) 93.3 (10.4) >3 108.6 (12) 106.9 (16) >3
(mmHg)

Note: 2Median (interquartile distance); PMann-Whitney U-test; domp = dominant/most painful trapezius; clat = contralateral trapezius; EMGtrap =
trapezius muscle activity; EMGdelt = deltoid muscle activity; HR = heart rate; SCL = skin conductance level; Resp = respiration rate; MAP = mean

arterial pressure.
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Figure 2

EMG measured as mean RMS (x SEM) for the reference recordings and for each 20-min period throughout the
experiment. The reference contraction (Flex) was a 90 degrees forward flexion of the arm holding a 2 kg dumbbell. BL

denotes baseline.

Overall mean

Mean pain ratings over the entire experiment were signif-
icantly higher in the MYA-group compared with the CON-
group for both PAINdomp and PAINCclat (Table 2). Stress
ratings were also higher for the trapezius myalgia group
than the controls throughout the experiment. The differ-
ences in mean EMGtrap from the entire experiment did
not reach statistical significance. Likewise, the overall

means for Energy, EMGdelt, HR, SCL, Resp and MAP were
not significantly different between the two groups.

TSST

Tests for differences between the two groups during TSST
revealed significantly higher pain ratings and significantly
lower Energy ratings in MYA (Table 2). Stress ratings and
physiological measurements did not differ between the
two groups during the psychosocial stress test.
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Mixed model analyses

Pain ratings

Pain ratings for both sides were, as expected, significantly
higher in MYA than CON at all time points.

In the mixed model analyses, group (F, 45 = 135.8, p <
.001), time (Fjy,44 = 22.5, p < .001) and interaction
(F10,244 = 4.8, p <.001) effects were significant for pain rat-
ings in the dominant/most painful side. The main effect
of group was 57.8 mm (95% CI, 47.3 to 68.2 mm) for
PAINdomp, i.e., the dominant/most painful side. In the
MYA group, PAINdomp continuously increased during
the low-force work, peaking at the end of the work period,
followed by a slight reduction during TSST and a slow
decrease during recovery (Figure 3), never returning to
baseline levels. The pain level at the end of the work

http://www.biomedcentral.com/1471-2474/10/63

period was significantly higher than baseline, the first
work period, and the three last recovery periods. Looking
only at the CON group, none of the time points showed
pain ratings significantly higher than baseline level.

For PAINCclat, there were significant main effects of group
(Fy 44 =45.7, p <.001) and time (Fy,;, = 6.9, p <.001),
as well as a significant group x time interaction (Fy,, =
5.7, p < .001). The main effect of group was 28.6 mm
(95% CI, 19.6 to 37.6). Pain intensity ratings increased
significantly from Start work to End work. PAINclat
increased significantly from baseline to the third work
period, further increased during the remaining work peri-
ods and then decreased very slowly towards the end of the
experiment in the MYA group. PAINclat was never signifi-
cantly above zero in the CON group.
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Figure 3

Subjective ratings (mean * SEM) during Baseline (BL), work, TSST and recovery periods. The neutral points for

Stress and Energy are indicated by the horizontal dashed lines.
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For the most painful side, pain ratings increased from 44
mm at Baseline to 77 mm at the end of work and for the
contralateral side the corresponding increase was from 18
mm to 38 mm.

Stress-Energy ratings

The group (F, 45=20.3, p <.001), time (F; 545=74.0, p <
.001) and interaction (F,, ,45 = 4.7, p <.001) effects were
all statistically significant for Stress ratings. The main
effect of group was .84 S-E points (95% CI, .4 to 1.3). The
MYA group had higher stress ratings than controls at base-
line, work periods 3, 4 and 5, and during recovery. For
both groups taken together, stress ratings were signifi-
cantly higher during the work periods and TSST, com-
pared with Baseline and recovery periods (Figure 3). Stress
ratings at TSST were significantly higher than all other
time points for both groups. Moreover, stress increased in
MYA during the work period, whereas CON became more
relaxed towards the end of work. CON were below the
neutral point (S-E score 2.4, neither stressed nor relaxed)
during the entire work period. MYA, however, started near
the neutral point and ended above it. Stress ratings
increased to almost identical levels in MYA and CON dur-
ing the stress test, indicating that the TSST was perceived
as equally stressful by both groups. Differences emerged
again during recovery where MYA were more stressed,
although both groups were below the neutral point and
reported stress ratings similar to their respective baseline
levels.

Energy ratings did not differ between the two groups (F, 44
= .6, p = .434). However, the main effect of time was sig-
nificant (F,, ,s, = 50.6, p <.001). Energy ratings were sig-
nificantly higher during work and TSST compared with
Baseline and recovery (Figure 3).

EMG

The mixed model analyses revealed larger trapezius mus-
cle activity in MYA than in CON (F, ;5=6.2, p=.017) and
a significant time effect (F;;,0s = 18.1, p < .001). The
group effect for EMGtrap was 1.7 uV (1.1 to 2.6). The
group effect of EMGtrap derived from the mixed model
analysis may seem small since the analyses were made
using In-transformed EMG measurements. However, the
estimated mean EMGtrap derived from the analysis was
47.4 pV and 27.9 pV for MYA and CON, respectively. For
both groups, the muscle activity increased over time dur-
ing the repetitive work and was significantly elevated
compared with baseline, TSST and the last recovery period
(Figure 2). The muscle activity then decreased when the
subjects performed the TSST. During recovery, EMGtrap
first increased to levels similar to the first work period and
then decreased over time, ending at levels similar to base-
line at the last recovery period.

http://www.biomedcentral.com/1471-2474/10/63

The deltoid muscle activity was not significantly different
between MYA and CON in the mixed model analyses
(Fy,67= -4, p = .536). The time effect was, however, signif-
icant for EMGdelt (F;,93 = 70.0, p < .010), showing
higher muscle activity during work compared with base-
line and TSST. EMGdelt was higher than baseline level at
the start of recovery and did not return to baseline level
until the last recovery period.

The interaction effect between group and time was not sig-
nificant for the mixed model analyses involving EMG data
and was therefore not included in the models.

Autonomic responses

In the mixed models analysis, HR showed a significant
time effect (F,, 35, = 71.4, p <.001), but group differences
were not significant (F, ,3 = 1.0, p = .332). HR was signif-
icantly higher during work and TSST compared with Base-
line and recovery (Figure 4). It was also significantly
higher during TSST compared with the other time points.
HR returned to baseline level within the first 20 min of
recovery for both groups.

There was no significant difference in SCL between the
groups (F, ;6= .04, p = .851). The time effect was signifi-
cant (Fy 3,3 =27.3, p <.001), with higher skin conduct-
ance levels during work and TSST compared with Baseline
and the second half of recovery (Figure 4). In addition,
SCL was higher during TSST than all other time points.
SCL was significantly elevated, compared with baseline,
during the first recovery period.

Resp was similar in the two groups, resulting in no signif-
icant group effects (F, 9, = .1, p = .804). There was, how-
ever, a significant time effect for Resp (F( 343 = 25.5, p <
.001) showing higher respiration rates during work com-
pared with Baseline, TSST and recovery (Figure 4).

The MYA and CON groups showed no significant differ-
ences in MAP (F, ,9=.2, p =.623). The time effect was sig-
nificant for MAP (F} 345 = 27.0, p <.001). Blood pressure
did not rise significantly above baseline or recovery levels
during the repetitive work (Figure 4). However, this meas-
urement showed significantly higher values at TSST com-
pared with all other time points.

Correlations

In MYA, correlations between pain in the dominant/most
painful side and the contralateral side were high (rho =
.54t0.74, p<.001 to .025) during TSST and recovery. The
pain ratings were not significantly correlated during base-
line and work. As shown in Table 3, stress and pain ratings
were positively correlated during the first three recovery
periods and during the third work period. Moreover,
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Figure 4

Physiological measurements (mean * SEM) during Baseline (BL), work, TSST and recovery periods.

Table 3: Correlations between pain intensity, stress ratings and trapezius muscle activity (EMGtrap) for the MYA group.

Stress and PAINdomp p-value EMGtrap and PAINdomp p-value EMGtrap and p-value
Stress
Baseline 0.05 >3 0.25 >3 0.45 0.061
Work | -0.07 >3 0.32 0.199 -0.21 >3
Work 2 0.26 >3 0.10 >3 -0.26 0.288
Work 3 0.52 0.028 0.14 >3 -0.13 >3
Work 4 0.16 >3 0.24 >3 0.06 >3
Work 5 0.35 0.151 0.28 0.289 -0.37 0.157
TSST 0.27 0.275 0.37 0.241 0.48 0.113
Recovery | 0.63 0.006 0.54 0.048 0.26 >3
Recovery 2 0.57 0.014 0.53 0.052 0.38 0.184
Recovery 3 0.54 0.020 0.54 0.037 0.41 0.126
Recovery 4 0.10 >3 0.18 >3 0.62 0.019
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EMGtrap was significantly correlated with pain intensity
at the first and third recovery (Table 3). In addition, stress
and EMGtrap were significantly correlated only at the end
of recovery (Table 3). Possible significant correlations
between EMGtrap and ratings of pain and stress in the
CON group were checked for but not found. Furthermore,
no significant correlations were found between auto-
nomic variables and pain intensity or stress in the two
groups.

Discussion

The main finding in the present study was that muscle
activity in the painful muscle was higher in a group of
women with trapezius myalgia compared with pain-free
controls. Furthermore, muscle activity in MYA was posi-
tively correlated to pain intensity during recovery. The sig-
nificant increases in HR, MAP and SCL during the stress
test and the subsequent reduction during recovery dem-
onstrates that stress was successfully induced. Unexpect-
edly, the two groups showed very similar autonomic
responses to low-force repetitive work and psychosocial
stress. This finding does not support the hypothesis that
chronic trapezius myalgia is associated with increased
sympathetic activity. The perceived level of stress was,
however, increased in the patient group during resting
and work conditions, compared with controls.

Pain and stress ratings

As expected and intended, the trapezius myalgia group
reported more pain than controls throughout the experi-
ment. Pain intensity ratings confirmed that the low-force
work had the desired effect, i.e., it worsened the pain con-
siderably for MYA, whereas pain ratings for the CON
group never rose significantly above baseline level.

Our results regarding pain intensity and stress ratings dur-
ing the psychosocial stress test are inconsistent with the
findings by Thieme et al. [38] that stress enhanced pain
intensity in fibromyalgia syndrome (FMS). The MYA
group's reduction in pain intensity at the end of the psy-
chosocial stress test and subsequent increase at the first
recovery period could not be explained only by cessation
of the repetitive work tasks. This reduction in pain inten-
sity may be due to stress-induced analgesia [39] and/or
distraction from the sensation of pain [40].

MYA experienced higher level of stress at baseline com-
pared with CON, which is consistent with previous find-
ings in chronic pain patients by Thieme et al. [38].
Chapman and Gavrin [41] concluded that pain is a pow-
erful stressor per se, which would implicate that during
the experiment, MYA were exposed to two different stres-
sors simultaneously; pain and psychosocial stress. The
increasing stress ratings in MYA during the work period
could, thus, be due to increased pain. There are indica-
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tions of attenuated responses to stress and functional tests
in FMS [42]. A possible attenuation of the stress response
to the TSST could, hence, be masked in the additional
stress due to pain in the MYA group. However, introduc-
ing pain intensity as a covariate in the analyses, thus con-
trolling for differences in pain ratings, did not support
such a suggestion.

In contrast to CON, the MYA group's energy level actually
decreased in response to the stress test which could indi-
cate that the chronic pain group perceives stressful situa-
tions as being more energy consuming. The CON group
found ways to mobilize energy for the stress test, which
was seen as increased energy ratings at TSST.

Muscle activity

Similar patterns of EMG activity in the prime mover del-
toid were found in MYA and CON throughout the experi-
ment (Figure 2). This was not the case for the postural
trapezius muscle.

The chronic pain group's muscle activity was higher in the
painful trapezius muscle at baseline, which was an unin-
structed rest, but not at the reference relaxation measure-
ment where the subjects were given specific instructions
on how to relax the trapezius muscle. Speculatively, the
higher trapezius EMG in MYA during uninstructed rest,
but not when instructed to fully relax, can be an indica-
tion that voluntary effort and attention are required in
order to relax the muscle. In daily regular activities, when
other aspects need attention, the EMG activity will be
higher, contributing to a vicious circle of the muscle. Our
results need to be confirmed in other studies but opens up
for myofeedback interventions using surface EMG. Hith-
erto such myofeedback studies indicate that it is possible
to alter EMG patterns in healthy subjects [43] and in
chronic myalgia [44]. Although the latter study did not
find that the EMG level per se - but rather the ability to
relax - was linked to pain intensity decrease [44].

In agreement with other studies we found that the MYA
group's muscle activity of the trapezius was higher
throughout the experiment [45-47]; there exist different
explanations for the higher muscle activity in subjects
with chronic pain [48,49]. The direction of the causal rela-
tionship between pain and EMG activity is not obvious
[49] and in fact cannot be determined using the present
study design. We do not know if the increased muscle
activity is a cause or a consequence of pain, since it is
unknown whether this was also the case before pain
onset. The literature is, however, not in consensus and
some studies have found no differences in EMG activity
[50-52]. In contrast, we found no difference in the EMG
activity of the prime mover, i.e., the deltoid, between the
two groups of subjects. There are reports that subjects with
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pain have difficulties in relaxing their trapezius after com-
pletion of a task [53], in utilizing small pauses in work
[54,55] and in parts of the contraction cycle during
dynamic muscle contractions [10-16], but the literature is
not in consensus [50,56-58]. With the present study
design, it was not possible to determine whether the EMG
activity of trapezius in MYA was increased during the
active contraction, during the supposed passive parts of
the contraction cycles, or during both these.

The increase in EMG activity of the trapezius in response
to work was similar in MYA and CON. A successive
increase in EMG activity of trapezius during work has also
been reported by Strom et al. [59]. Furthermore, muscle
activity was not correlated to pain development during
repetitive work. Hence, muscle activity per se does not
seem to be the cause for increased pain intensity. Strom et
al. [59] reported similar results but also that the increase
in pain intensity correlated with muscle blood flux. It can-
not be ruled out that higher EMG activity in trapezius can
affect blood flow and microcirculation in MYA.

Autonomic responses

None of the autonomic responses showed any signs of an
increased sympathetic activity in MYA. Reactions to the
low-force work and TSST were almost identical in the two
groups.

The higher baseline HR found in MYA confirms previous
findings by Gockel et al. [60]. Regarding baseline differ-
ences, a previous studie on patients with chronic low back
pain (CLBP) found higher HR, higher low frequency heart
rate variability (HRV) and lower high frequency HRV [61].
In contrast to the study referred to above, there are several
studies that fail to detect differences between CLBP
patients and controls in baseline levels [62,63]. Flor and
Turk [64] concluded that regardless of type of physiologi-
cal measure, baseline levels were not generally elevated in
CLBP patients. Patients with whiplash associated disor-
ders (WAD) have shown increased heart rate and
decreased heart rate variability (HRV) [22] at baseline.
The basal autonomic state in widespread pain has been
more extensively investigated. Cohen et al. [25] found
increased sympathetic and decreased parasympathetic
activity during complete rest in the supine position. The
results are, however, conflicting even for FMS patients but
some sort of dysautonomia has been found in most stud-
ies [38,42]. The elevated baseline HR found in this study
should probably not be interpreted as a sign of increased
sympathetic tone since none of the other measures gave
similar indications and HR can be influenced by other fac-
tors e.g., physical fitness.

Our findings of normal cardiovascular reactivity in MYA
are in contrast to the study by Gockel et al. [60], where
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patients with neck/shoulder pain showed attenuated car-
diovascular responses to various functional tests (paced
breathing, orthostatic, handgrip, valsalva). The results
from earlier studies are inconsistent reporting both
increased and decreased cardiovascular reactivity in
chronic pain patients compared with controls. In a study
comparing WAD and controls [22], unpleasant sound
induced higher HR response in WAD, HR and HRYV reac-
tivity was lower in response to cognitive challenge (Stroop
color-word test) whereas no differences emerged during
paced breathing. No difference in autonomic reactivity to
various tests (Stroop color-word, orthostatic, handgrip,
paced breathing) was found between CLBP and controls
[61]. Nilsen et al. [48] studied differences between neck/
shoulder pain patients, FMS patients and healthy con-
trols. They found attenuated cardiovascular reactions to a
low-grade mental stressor in FMS. Neck/shoulder pain
patients appeared to be in an intermediate position
between FMS and controls, but not significantly different
from the controls. FMS patients have also shown normal
blood pressure and HR regulation during maximal volun-
tary contractions [65] and lower HR reactivity to stressors
(mental arithmetic, social conflict) [38].

Skin conductance data in the present study showed ten-
dencies towards an increased stress response and delayed
return to baseline in MYA, but the difference between
groups was small and individual variations large. Higher
SCL in response to stress and during recovery from stress,
which indicates enhanced sympathetic response to stress,
has previously been found in FMS [38]. Higher spontane-
ous electrodermal activity [61] and enhanced activity in
response to pain [62] and sound stimulation [66] has also
been found in CLBP patients.

The chronic pain group in this study did not have wide-
spread pain but local or regional pain in the neck/shoul-
der area. The autonomic dysfunctions found in FMS could
be due to the alterations at different levels of the pain sys-
tem in this generalized pain syndrome [67]. Alterations in
cardiovascular or sudomotor regulations could be present
in local or regional pain as well, but in this case localized
only to the painful areas, as seen in complex regional pain
syndromes [68].

Inconsistencies in the results from previous studies of
autonomic reactivity in patients with localized chronic
pain may be due to the heterogeneity of this patient
group. They represent a diversity of causes, localizations
and intensities of pain. The findings in FMS, WAD and
CLBP discussed above may reflect nonspecific response
patterns characteristic of confounding co-morbidities,
e.g., anxiety or depression, in general, which was not
found in the present MYA population.
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Methodological considerations

Previous studies concerning stress responses in chronic
pain have used cognitive tasks (e.g., Stroop color-word
test, mental arithmetic) or social conflict tasks, which are
not as powerful as the TSST in producing acute stress
responses [69]. This stress protocol has been found to
induce significant cardiovascular responses at the first
exposure in 70-80% of all subjects [70]. Laboratory stress
protocols offer the advantage of standardization across
test sessions but may lack the ecological validity of field
studies. However, the significant increases in HR, MAP,
SCL and subjective stress ratings confirm that psychoso-
cial stress was successfully induced.

The autonomic measures used here, i.e., instantaneous
heart rate, skin conductance, and blood pressure only pro-
vide gross estimates of end organ function, irrespective of
the relative contribution of the sympathetic and parasym-
pathetic branches. Simple examination of autonomic
responses to challenges does not provide a definitive test
of the potential role of the sympathetic nervous system.
More sophisticated methods, such as heart rate variability
(HRV), could provide information regarding the balance
of the autonomic branches. However, in the present
study, the subjects assumed different body positions, i.e.,
both sitting and standing, and were moving, circum-
stances that affects HRV and makes it difficult to interpret.
Moreover, valuable information about interactions
between different variables could be derived through mul-
tivariate data analyses, possibly revealing response pat-
terns not visible when analyzing one variable at a time.

Inclusion of only female subjects was based on the higher
prevalence of chronic trapezius myalgia in women than
men, also limiting the availability of eligible male sub-
jects. Previous studies have concluded that healthy men
and women are similar in their autonomic responses to
psychosocial stress tests [71,72]. There are, however, sex
differences in chronic pain (e. g., CLBP) patients' reactions
to experimental pain [73]. Including men is therefore
important for future research.

A limitation of the present study is that the statistical
power did not allow differences below approximately
10% in any of the outcome variables to be detected,
increasing the risk for statistical type II error. Correction of
p-values for multiple comparisons, to avoid type I error, is
often performed in situations with multiple outcome var-
iables. However, because of the explorative approach in
this study, correction for multiple comparisons were only
performed in the mixed model post-hoc analyses, to
reduce the risk of type II error in the between groups tests
[74]. The pain intensity distributions were somewhat
skewed, implying that the results from the mixed regres-
sion model should be interpreted with care. However,
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residuals from the analyses were approximately symmet-
rically distributed, the differences between groups were
large and log- or square root-transformation of the varia-
bles did not alter the results indicating that the conclu-
sions regarding pain ratings were valid.

Conclusion

We found increased muscle activity during uninstructed
rest in the painful muscle of a group of women with tra-
pezius myalgia. The present study could not confirm the
hypothesis that chronic trapezius myalgia is associated
with increased sympathetic activity. The suggestion of
autonomic imbalance in patients with chronic local or
regional musculoskeletal pain needs to be further investi-
gated.
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