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Abstract
Background: The incidence and prevalence of musculoskeletal disorders (MSDs) is about twice as high in women
compared to men, and those of the neck/shoulder region are particularly high among women. Fatigue and
responses towards pain are known risk factor for MSDs. However, women have been shown to be less fatigable
than men, but more sensitive to experimental pain. From a general standpoint, sex differences in the relationships
between the fatigue and pain pathways are poorly understood. This may be due to differences in how men and
women conceptually define the sensations of fatigue and pain. The objective of this study was to compare physical
and verbal descriptors of fatigue and pain between men and women undergoing an experimental protocol where
fatigue and pain were manipulated.
Methods: Healthy adult volunteers (14 men and 14 women) underwent experimental pain tests to identify
pressure pain threshold (PPT) at biceps brachii (BIC), anterior deltoid (AD), and upper trapezius (UT) followed by the
Short-form McGill Pain Questionnaire (SF-MPQ) and Pain Catastrophizing Scale (PCS) before and after a repetitive
arm task performed at shoulder height until reaching a rating of neck/shoulder perceived exertion, using the Borg
Category Ratio 10 (CR10), greater than 8/10. PPT and MPQ data were analyzed using repeated measures analyses of
variance (ANOVA) (time × sex). Correlational analyses were used to investigate relationships between pain measures
with time and fatigue.
Results: UT PPT was reduced following the fatiguing task (p ≤ 0.01). Men overall reported higher AD PPT levels
compared to women (p ≤ 0.05). MPQ and PCS magnification scores were significantly higher after the fatiguing
task (p ≤ 0.05), with no sex differences. Time to fatigue correlated with changes in AD PPT in men and with PCS
scores in women.
Conclusions: Findings suggest that mechanisms underlying the sensation of acute pain following a repetitive
shoulder height task are closely linked with PPT changes in shoulder stabilizers (UT) irrespective of sex, and more so
with physical pain responses in men and in attitudes towards pain in women. Sex differences in pain perception
may contribute to a better understanding of sex-specific mechanisms underlying neck/shoulder MSDs.
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Background
Musculoskeletal disorders (MSDs) represent the leading
cause of prolonged work disability worldwide [34].
Moreover, the prevalence of upper limb work-related
MSDs (WMSDs) is unequally distributed among men
and women, as women disproportionately report more
neck/shoulder WMSDs than men [32]. The mechanisms
underlying this difference in prevalence are poorly
understood and may originate from factors related to either sex (biological and physiological traits) or gender
(psychological and sociological characteristics). One
mechanism that may contribute to this disparity is differences in acute pain pathways [5]. Studies have shown
that women consistently report lower mechanical pressure pain thresholds (PPT) (i.e., the lowest amount of
mechanical pressure applied on the skin over a muscle
that elicits pain; not to be confused with pain tolerance,
which would be the highest amount of pain that one can
sustain), compared to men [1, 12, 27]. Particularly relevant to neck/shoulder WMSDs, women have been
shown to report lower PPT than men in the upper trapezius, a main shoulder stabilizer that is actively engaged
during work at shoulder height [13, 21]. Although studies have identified elements along the pain pathways,
such as hormonal and brain structure and activation
characteristics, that could help explain this sex difference
(see [1] for review), the specific mechanisms underlying
sex differences in acute mechanical pressure pain remain
poorly understood.
Repetitive upper limb movements are a major risk factor for neck/shoulder WMSDs and may cause muscle fatigue and provoke fatigue-compensatory movement
strategies [6, 23]. Following submaximal fatiguing isometric contractions, PPT in working muscles has primarily been shown to increase with time [19, 20].
However, this has mostly been found in women [17].
Furthermore, following submaximal dynamic contractions of the elbow flexors, women only reported higher
PPT at the index finger [22]. However, few studies have
investigated sex differences in PPTs related to neck/
shoulder fatigue.
Psychosocial factors can also influence the response to
experimental pain. Pain management techniques are
proposed to act as pain-response mediators in experimental pain [9]. In response to a painful stimulus,
women tend to engage in catastrophizing (i.e., exaggeration of the intensity of the pain experience) to a greater
extent than men [1, 9]. In addition to pain catastrophizing, verbal descriptions of pain could provide important
information regarding the pain experience. The ShortForm McGill Pain Questionnaire (SF-MPQ) provides a
platform for people to report verbal descriptions of pain
in the sensory and affective dimensions [24]. Very few
studies have investigated the use of SF-MPQ following
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repeated or prolonged muscle contractions. Moreover,
the SF-MPQ has not yet been used to compare verbal
pain ratings of men and women following a dynamic
work-like fatiguing task.
Therefore, the purpose of this study was to describe
the sex-specific characteristics of the pain experience
following neck/shoulder fatigue from shoulder height
work. We hypothesized that pain measures would
change with fatigue and that there would be sex differences in PPT and verbal descriptions of pain following a
low-load, work-like task designed to fatigue the neck/
shoulder musculature.

Methods
Design

A quasi-experimental study design with experimental
pain tests and questionnaires administered before and
after a neck/shoulder fatiguing task was used to compare
pain responses between men and women in the pre- and
post-fatigue conditions.
Participants

A convenience sample of 29 healthy adults was solicited
from the McGill University student population. Sample
size was determined based on previous sample sizes and
achieved power from similar research investigating sex
differences in pressure pain threshold in rest and fatigue
conditions. In resting conditions, women have been
found to have statistically lower PPT with a sample size
of N = 30 (15 men and 15 women) [3], and following
fatiguing contractions, sex differences in PPT and pain
ratings were detected in a sample size of N = 26 (13
women and 13 men) [14]. Participants were included if
they were aged between 18 and 45 years. They were excluded if they had a history of being medically diagnosed
with a neck/shoulder injury that required time away
from work, any current acute or chronic pain conditions, neurological conditions that could affect one’s
ability to perform the task, or use pain medication 24 h
prior to the experimental session. Of the 29 volunteers,
one participant was removed from the sample after indicating a score greater than “0” on a 10-point visual analog scale (VAS) for neck/shoulder pain upon arrival to
the lab. Thus, the final group included 28 [14 men (age
22.93 (SD 1.82) and 14 women (age 23.36 (SD 2.84)]
adult volunteers. All participants were right-hand dominant, generally healthy (assessed by the PAR-Q), and
pain free (evaluated by the visual analog scale (VAS)).
The experimental protocol took place at the Occupational Biomechanics and Ergonomics Laboratory at the
Jewish Rehabilitation Hospital in Laval, Quebec, Canada.
All participants provided written informed consent prior
to participating in the protocol that was approved by the
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Research Ethics Board of the Center for Interdisciplinary
Research in Rehabilitation.
Experimental procedure

At the beginning of the experimental session, anthropometric measurements (height weight, skinfolds) were
taken. A pressure pain test measurement procedure was
then administered using a pressure algometer (Somedic
AB, Farsta, Sweden, probe size of 1 cm2 surface area) applied at the bellies of the upper trapezius (UT), anterior
deltoid (AD), and biceps brachii (BIC) muscle sites to
identify PPT. Muscle sites were identified and marked
prior to administering the pain tests to ensure that PPT
was applied at the same place before and after the fatiguing task. In a seated position, the participant rested
their right arm on a table with their shoulder flexed 90°
and a straight elbow. Pressure was applied manually at a
generally constant rate of 40 kPa/s [28]. To allow for return to baseline sensation but minimize fatigue recovery
during the post-fatigue measurements [18], PPT trials
were performed sequentially in the following order UT,
AD, and lastly BIC, with 30-s rest in between each trial
to the same muscle. This sequence was performed three
times, resulting in three trials for each muscle. The participant was instructed to indicate when the sensation of
pressure only changed to one of pressure and pain by
pressing a button connected to the pressure algometer
held in the opposite hand while keeping their eyes
closed. With proper instructions, the pressure algometer
technique to assess PPT has previously shown strong intraobserver [4], and strong test-retest reliability [16, 35].
After the PPT tests, participants completed the
SF-MPQ and the Pain Catastrophizing Scale (PCS). The
SF-MPQ contains 15 words that may reflect the experience of pain (e.g., “throbbing,” “aching”) in affective and
sensory dimensions of pain. It uses a Likert scale with
intensity rankings of none (0), mild (1), moderate (2),
and severe (3) [24]. Participants were instructed to make
a mark next to the score associated with each word to
indicate the extent it represents their current pain experience. The Present Pain Intensity (PPI) score of the
long-form McGill Pain Questionnaire and VAS were also
included in the questionnaire to evaluate overall pain intensity. The VAS consisted of a horizontal line with a
distance of 100 mm in length on which participants
marked their perceptive pain intensity with anchors of
no pain (0) to the worst possible pain (10). The PPI consisted of a 6-point choice between 0 (no pain) and 5 (excruciating), with participants checking the line next to
the number that best reflected their current level of pain.
The SF-MPQ is highly correlated with the long form of
the McGill Pain Questionnaire, which is identified as
valid and reliable in clinical samples [24]. The PCS is a
self-report tool consisting of 13 items that measure the
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three dimensions of pain catastrophizing, which are
magnification, rumination, and helplessness [31]. For
each of the 13 items on the scale, there is a 5-point
Likert scale from 0 (none) to 4 (all the time) that is used
to indicate the degree of thought or feeling. The PCS
has been shown to be both reliable and valid in assessing
the three dimensions of pain catastrophizing in experimental samples [31]. Each participant received the same
verbal instructions before completing the questionnaires
to avoid potential researcher bias. For the SF-MPQ, they
were instructed to refer to the pain they felt during the
pressure pain test. For the PCS, they were instructed to
“refer to any neck/shoulder pain that they themselves
may have experienced in their lifetime.” This approach
was chosen to assess any impact of the current protocol
on general pain perceptions, since the PCS includes
items that refer to individual attitudes towards pain in
general, everyday contexts.
Subsequently, participants completed the experimental
task designed to fatigue the muscles in the neck/shoulder area. The task consisted of a manual dexterity activity performed with the shoulder flexed 90° and the arm
held horizontally at shoulder height. Participants were
positioned an arm’s length away from the workstation.
The workstation was vertical, individualized to shoulder
height, and comprised of a board with washers and
screws. For the task, participants were instructed to fasten six washers between 2 rows of 6 screws (12 total
screws) and the depth of the washer (0.8 cm), with the
screws spaced 0.4 cm apart. At the end of each minute
during the task, participants were asked to verbally report their rating of perceived exertion (RPE) from the
Borg CR-10 Scale [2]. The task was performed until
reaching an RPE of 8/10 or the participant could no longer perform the task. Participants were unaware of these
stoppage criteria. Immediately afterwards, the pain test
was administered again to identify PPT on UT, AD, and
BIC muscles. Subsequently, the SF-MPQ and PCS were
completed with the same instructions as in the pre-fatigue condition.
Data analysis

For PPT data, values were recorded in a chart and averaged to obtain per-subject and group mean values for
the UT, AD, and BIC muscle sites in both the pre- and
post-fatigue conditions. The SF-MPQ responses were
evaluated based on total scores (0–45), sensory score
(0–33), and affective score (0–12), as well as by using
the mean VAS and PPI scores. The total score was
summed from the responses for the 15 descriptive
words, the sensory descriptor score was summed from
the responses of items 1–11, and the affective descriptor
score was summed from the responses of items 12–15
[24]. To score the VAS, the distance in millimeters from
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the left edge of the scale to the participant’s mark determined their score [7]. Completed PCS questionnaires
were assessed based on the total score, as well as the
three subscale scores evaluating rumination, helplessness, and magnification [30]. The total score was calculated by summing the responses of all 13 items, with a
possible range of total scores from 0–52. Subscale scores
were computed by summing the score of the responses
for the following items: Rumination (items 8, 9, 10, 11),
Helplessness (items 1, 2, 3, 4, 5, 12), and Magnification
(items 6, 7, 13).
Statistical analysis

An independent samples t test was run to assess sex
differences on the time that it took for participants to
reach the fatiguing task termination criteria (identified
as time to Borg-8). Statistical tests were run to assess
the effects of time (before and after the fatiguing
task) and of sex on PPT values and questionnaire
scores. The Shapiro-Wilk test was used to test the
normality of data sets. For normally distributed data,
two-way repeated measures ANOVA were used. The
Friedman Test was used to analyze data that were
not normal, while the Mann Whitney U test was used
to compare between men and women.
Correlational analyses were run to assess the relationships between pain variables for the entire group and for
men and women separately, using a merged then sexstratified approach used previously that allows factors to
be identified that could be either common or different
between men and women [10]. For data that met normality assumptions, Pearson correlation coefficients
were used, whereas for the data that did not meet assumptions of normality, Spearman’s rho correlations
were used. Therefore, Pearson correlations were used to
investigate the relationships between pre- and post-fatigue changes in PPT data and SF-MPQ, as well as between changes in PPT and time to Borg-8, whereas
Spearman’s rho correlations were run between changes
in PPT measures and changes in magnification scores of
the PCS. Finally, Spearman’s rho correlations were run
between pre-fatigue PCS measures and time to Borg-8.
The interpretation of the strength of the correlations
was adapted from Portney and Watkins [26] as follows:
0.00–0.25 = “Little or no relationship,” 0.26–0.50 =
“Poor to Fair relationship,” 0.51–0.75 = “Moderate to
Good relationship,” and > 0.75 = “Good to Excellent
relationship.”

Results
Time to Borg-8

The average time participants performed the task until
first reporting the RPE of 8 or higher was 6.35 ± 3.57 minutes. Independent samples t tests revealed that men (M
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= 5.42, SD = 3.11) and women (M = 7.29, SD = 3.87) did
not differ in time to Borg-8 or higher during the neck/
shoulder fatiguing task [t(26) = 1.41, p = 0.172].
Pressure pain threshold

PPT data for all three muscle sites (UT, AD, and BIC)
were found to be normally distributed according to the
Shapiro-Wilk test of normality. Two-way repeated measures ANOVA (time × sex) showed some significant results for the UT and AD muscle sites (Table 1). Analysis
of UT PPT data revealed a significant main time effect
for the entire group; [F(1,26) = 15.96, p < 0.001]. UT
PPT scores were lower in the post-fatigue condition
compared to the pre-fatigue condition. For AD PPT
data, there was a significant main sex effect [F(1,26) =
5.72, p = 0.024]. Men reported higher AD PPT levels
than women, regardless of time. No other significant
findings were observed for PPT data.
Questionnaires (Table 2)
Short-Form McGill Pain Questionnaire

Total scores, sensory scores, and VAS scores of the SF-MPQ
met the assumptions of normality. However, affective scores
and PPI scores of the SF-MPQ failed to meet normality assumptions, and therefore, for these, Friedman Test was used
to compare pre-post-conditions, while Mann Whitney U
test was used to analyze the sex effect. Statistical analysis of
total scores showed a significant main time effect for the entire group; [F(1,26) = 5.57, p = 0.026]. Sensory scores also
showed a significant main time effect for the entire group;
[F(1,26) = 5.22, p = 0.031], and VAS scores revealed significant main time effect for the entire group; [F(1,26 ) = 11.77,
p = 0.002]. Total scores, sensory scores, and VAS
Table 1 PPT values at UT, AD, and BIC sites for the entire
group, men and women. P values for the entire group represent
the test between pre- and post-fatigue conditions and p values
for men and women represent differences between the groups.
Data are presented as mean ± standard deviation (*statistically
significant at p < 0.05, **statistically significant at p < 0.01)
Pre-fatigue
UT

Entire group 377.3 ± 126.90

Post-fatigue

Significance

326.27 ± 103.80** p < 0.001

Men

416.40 ± 123.43 359.19 ± 101.12

Women

338.19 ± 122.14 293.36 ± 99.10

AD Entire group 304.42 ± 103.42 276.94 ± 99.86
Men

335.60 ± 101.30 324.90 ± 108.58

Women

273.24 ± 99.29*

p = 0.086 (sex)
p = 0.054
p = 0.024 (sex)

228.98 ± 62.96*

BIC Entire group 306.12 ± 102.22 285.40 ± 114.32
Men

342.38 ± 89.41

Women

269.86 ± 104.30 245.98 ± 83.43

324.83 ± 129.74

p = 0.121
p = 0.050 (sex)
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Table 2 Average scores for pre- and post-fatigue SF-MPQ and PCS, as well as significant levels. P values represent the test between
pre- and post-fatigue conditions for the entire group. Data are presented as mean ± standard deviation (*statistically significant at p
< 0.05; **statistically significant at p < 0.01)
Short Form McGill Pain Questionnaire
Pre-fatigue

Post-fatigue

Significance

Total score (all 15 items)

5.29 ± 2.93

7.61 ± 6.01*

p = 0.026

Sensory scores (items 1–11)

4.93 ± 2.76

6.71 ± 4.71*

p = 0.031

VAS scores

1.61 ± 1.20

2.65 ± 1.46**

p = 0.002

Affective scores (items 12–15)

0.36 ± 0.68

0.85 ± 1.67

p = 0.13

PPI Scores

1.29 ± 0.71

1.61 ± 0.79

p = 0.052

Pain Catastrophizing Scale
Pre-Fatigue

Post-Fatigue

Significance

Total scores (all 13 items)

9.25 ± 8.12

9.71 ± 8.41

p = 0.13

Rumination scores (items 8, 9, 10, and 11)

3.61 ± 2.99

3.82 ± 2.99

p = 0.074

Magnification scores (items 6, 7, and 13)

2.32 ± 2.23

2.07 ± 2.36*

p = 0.046

Helplessness scores (items 1, 2, 3, 4, 5, and 12)

3.36 ± 3.49

3.82 ± 3.89

p = 0.35

scores were significantly higher in the post-fatigue
condition compared to the pre-fatigue condition.
Statistical analysis using Friedman’s test for affective
scores and Present Pain Intensity (PPI) scores
showed no significant results. There were no significant differences between men and women for any of
the SF-MPQ scores.
Pain catastrophizing scale

All PCS data failed the Shapiro-Wilk test of normality,
and therefore, non-parametric tests were used for all PCS
statistical analysis. Only magnification scores showed a
significant time difference for the entire group [χ2 (1) = 4,
p = 0.046] with post-fatigue scores (M = 2.07, SD = 2.36)
being lower than pre-fatigue scores (M = 2.32, SD = 2.23).
When assessed according to sex using the Mann Whitney
U test, there were no significant findings.
Relationships between questionnaires and pressure pain
thresholds

Correlations between pre- and post-fatigue changes in
total scores, sensory scores, and VAS scores of the SFMPQ and changes in PPT for AD and UT muscle sites
revealed three significant relationships (Fig. 1). There
was a negative correlation between the change in UT
PPT and the change in total scores of SF-MPQ [r = −
0.38, p = 0.047] with “poor to fair” strength. In other
words, people who showed the largest increases in total
scores of the SF-MPQ were also the ones who had the
largest decreases in UT PPT. Negative correlations with
“poor to fair” strength were observed between the
change in AD PPT and the change in total scores of SFMPQ [r = − 0.44, p = 0.019] and between the change in

AD PPT and change in sensory scores of SF-MPQ [r =
− 0.45, p = 0.017]. That is to say, those with the largest
decrease in AD PPT also had the largest increases in
total scores and sensory scores of the SF-MPQ. When
each sex was looked at separately, there were no significant correlations seen for neither men nor women. No
significant correlations were seen between changes in
magnification scores of PCS and changes in UT PPT
[rs = − 0.13, p = 0.497] and AD PPT [rs = − 0.07, p =
0.716] measures.
Correlations between pain measures and time to Borg-8

No significant relationships were found for any group
between time to Borg-8 and pre-to post-changes in UT
PPT (Table 3). However, only men showed a significant
positive correlation between time to Borg-8 and change
in AD PPT [r = 0.66, p = 0.01] with “moderate to good”
strength, whereas there was no relationship between
time to Borg-8 and change in AD PPT in women. In
other words, men who performed the task for longer
times also saw the largest increases in AD PPT from the
pre- to post-conditions.
The entire group showed significant negative correlations between time to Borg-8 and both PCS total scores
[rs = − 0.41, p = 0.032] and PCS helplessness scores [rs =
− 0.50, p = 0.007], falling in the “poor to fair” strength
range (Fig. 2). In other words, participants who had
higher PCS scores performed the task for the shortest
amount of time. However, when each sex was evaluated
separately, only women showed significant negative correlations with “moderate to good” strength between time to
Borg-8 and both PCS total scores [rs = − 0.60, p = 0.025]
and PCS helplessness scores [rs = − 0.54, p = 0.047],
whereas there were no significant relationships between
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Fig. 1 a–f Relationships between the changes in PPT and the changes SF-MPQ scores for the entire group (*statistically significant at p < 0.05)

Table 3 Relationships between PPT and PCS pain measures and time to Borg-8 (*statistically significant at p < 0.05; **statistically
significant at p < 0.01)
Change in PPT and time to Borg-8
Pearson’s correlations
UT

AD

Significance

Entire group

0.27

p = 0.170

Men

0.52

p = 0.058

Women

− 0.06

p = 0.84

Entire group

0.32

p = 0.10

Men

0.66*

p = 0.01

Women

0.15

p = 0.6

Spearman’s rho

Significance

Pre-fatigue PCS Scores and time to Borg-8

Total (all 13 items)

Magnification (items 6, 7, and 13)

Helplessness (items 1, 2, 3, 4, 5, and 12)

Rumination (items 8, 9, 10, and 11)

Entire group

− 0.41*

p = 0.032

Men

− 0.17

p = 0.57

Women

− 0.60*

p = 0.025

Entire group

− 0.31

p = 0.114

Men

− 0.33

p = 0.244

Women

− 0.44

p = 0.119

Entire group

− 0.50**

p = 0.007

Men

− 0.13

p = 0.657

Women

− 0.54*

p = 0.047

Entire group

− 0.29

p = 0.141

Men

− 0.06

p = 0.841

Women

− 0.46

p = 0.102
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Fig. 2 a–d Spearman’s rho correlations between time to Borg-8 and pre-fatigue PCS measures (*statistically significant at p < 0.05; **statistically
significant at p < 0.01)

time to Borg-8 and any of the PCS measures in the
pre-fatigue condition for men.

Discussion
In this study, the time to fatigue did not differ between
men and women and is comparable to those in other
studies using a similar fatiguing task [11]. Both men and
women showed a linear progression of RPE scores
throughout the duration of the experimental task, and
all participants ended up reporting Borg 8/10 or higher
while performing the task.
Effects of the fatiguing task on PPT

Our results show that a low-load shoulder fatiguing task
influences pressure pain thresholds (PPT), with upper
trapezius PPT values significantly decreasing with fatigue. The literature on the effects of exercise on PPT is
currently equivocal [8], with studies showing increases,
no effect, or decreases in PPT. However, results from
various studies point to important impacts of the kind of
task (eccentric, isotonic, or isometric), and muscle(s) investigated to explain variable results. As such, the studies investigating isometric tasks (similar to what the
shoulder experienced in the current study) were mainly
conducted on lower limb and orofacial muscles (see [8]
for a review), with one study conducted on a shoulder
(infraspinatus) muscle [20], the majority showing increases in pain following isometric exercise. However, no
studies have investigated PPT among multiple muscles

of the neck/shoulder region following an upper limb,
work-like task resembling the one used in the current
study.
Our findings also demonstrate that anterior deltoid PPT
levels of women were significantly lower than those of
men, in line with the existing literature [1, 12, 13, 27]. A
review by Rollman and Lautenbacher [29] has provided
evidence supporting that there are sex differences in PPT,
more so than in other pain modalities. Authors also suggest that mechanical pressure protocols are especially well
suited to model the mechanisms of musculoskeletal disorders, and argue that women’s lower pressure pain threshold, in particular, may reflect an elevated sensitivity to
deep tissue pain that may be the cause of musculoskeletal
pain. Thus, we can hypothesize that the lower PPT levels
in the anterior deltoid of women represent an increased
risk of developing chronic musculoskeletal pain due to the
likelihood of greater overall pain sensitivity, regardless
whether there is muscle fatigue. Finally, our observations
of sex differences in AD PPT only, and, conversely, fatigue
effects in UT PPT only, may reflect differences in muscle
fiber characteristics, in pain pathways, and/or in how our
experimental task affected each muscle. Indeed, we have
previously shown that men and women engage both muscles differently during the performance of this experimental task, both before and after fatigue (see [6] for a review),
which could have repercussions on their mechanical pain
sensitivity, although this should be verified with further
studies of larger sample sizes.
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Furthermore, only men indicated changes in anterior
deltoid PPT levels that were positively related to the
amount of time the task was performed. Thus, men who
performed the task for the longest durations also had
the largest increases in PPT following the neck/shoulder
fatiguing task. Similarly, electromyography (EMG) analyses published previously showed that only men display
a relationship between perceived exertion and AD EMG
[25]. Taken together, this could reflect that men are better able to modify their sensorimotor patterns in response to fatigue elicited during such shoulder height
tasks, which could help men develop injury-preventative
strategies earlier and thus more effectively, although this
interpretation is speculative.
Effects of fatigue on verbally described pain and pain
intensity

Our results show that the task increased verbally described pain from the SF-MPQ and VAS intensity ratings of musculoskeletal pain. Hollander et al. [15] used
the SF-MPQ to analyze descriptive pain perception during isometric, eccentric, and concentric contractions and
found that scores increased over time, with a greater increase seen in the sensory dimension of pain. This is
consistent with present results, as total scores and sensory scores also showed increases. Furthermore, our results agree with previous literature that has found
increases in pain intensity ratings during and immediately after various types of fatiguing contractions for
healthy participants [8].
In our study, the increases in verbally described
pain and pain intensity complement the decreases in
upper trapezius PPT, as together these findings indicate an increase in physical and verbal sensitivity to
muscle pain with fatigue. To further support this,
greater increases in SF-MPQ total scores were related
to greater decreases in upper trapezius PPT. Moreover, this same relationship was also observed between changes in anterior deltoid PPT and in the
SF-MPQ, both in terms of SF-MPQ total scores and
sensory scores. Thus, although only the upper trapezius shows a significant change with the experimental
task, pain perceptions at both the upper trapezius
and anterior deltoid contribute to the verbally described sensation. Given the significant relationships
between changes in anterior deltoid PPT and in both
general and sensory SF-MPQ, and the importance of
the anterior deltoid in shoulder height tasks, the
SF-MPQ may be viewed as a complementary, adjunct
tool to help detect signs of fatigue-related neck/shoulder pain. This might be especially pertinent to women
since, as hypothesized above, women may not be as
effective at using fatigue-related changes in a proactive way as men may be able to.
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While acute pain sensitivity increases (as measured
from increases in UT PPT and in both pain intensity
and verbally described pain), general pain magnification
for the neck/shoulder area, as measured by the PCS, decreases. As magnification is considered a primary appraisal for the threat of a painful situation [31], these
decreases indicate that when people experience acute
muscle pain in the presence of fatigue, less of an emphasis is placed on the importance of the painful threat
than when in a non-fatigued state. This could lead us to
believe that when men and women consider their overall
thoughts on pain in the neck/shoulder area in a fatigued
state, they are less likely to exaggerate general neck/
shoulder pain. The lack of correlations seen between
changes in PCS magnification scores and changes in
PPT measures is not surprising, as they refer to two different kinds of pain. Indeed, the previous literature has
shown relationships between PCS and some types of experimentally induced pain, such as cold pressor pain in a
non-fatigued state [31], and not specifically PPT. Furthermore, no sex differences were observed for any of
the SF-MPQ scores or PCS scores. While a sex comparison has, to our knowledge, never been conducted with
the SF-MPQ, this is in contrast with the current literature on pain catastrophizing, where women have been
shown to engage in greater levels of catastrophizing following the application of a noxious stimulus compared
to men [1, 12, 31]. However, it has been shown that
women specifically engage in rumination and helplessness dimensions of catastrophizing, while sex differences
are not seen in magnification dimension of catastrophizing [31]. Therefore, these findings could be related to
the fact that only a significant time difference was observed in the magnification scores.
Nevertheless, correlational analyses indicated that
baseline pain catastrophizing levels were related to the
amount of time one could perform the neck/shoulder fatiguing task. When looking at the entire group, higher
baseline PCS scores were linked with lower time to
Borg-8. What’s more, when each sex was evaluated separately, the relationship between time to Borg-8 and
both PCS total scores and PCS helplessness scores only
remained for women, and not men. These results suggest that women who actively engage in more pain catastrophizing, specifically helplessness in the presence of
pain, are less able to cope with the pain sensation or
even the thought of the pain sensation. This fits within
the fear-avoidance model, which suggests that, following
acute injury, engaging in pain catastrophizing leads to
fear of pain, and possibly pain anxiety, and subsequently
promotes injury avoidance behavior [33]. Moreover,
these findings are more consistent with the current literature indicating that men and women differ in their
levels of and responses to pain catastrophizing [1, 9].
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Limitations

Results from this study are limited to neck/shoulder pain
and exertion perceptions of young, healthy adult men
and women for a low-load, work-like fatiguing task of a
few minutes duration. There are several factors that can
influence pain expression and the pain response, such as
hormonal levels, socio-cultural influences, and previous
pain experience [12], some of which may not be
reflected in this study. Also, there are limitations associated to our implementation of the PPT method and to
the use of the PCS to specifically assess attitudes towards neck/shoulder pain. Finally, the small sample size
likely affected the power of some comparisons.
Conclusions

Our results show that low-load shoulder height work increases pain sensitivity in shoulder stabilizers (upper trapezius), but not mobilizers (anterior deltoid). In
addition, our results suggest that the SF-MPQ may be a
good tool to supplement physical feedback provided
during neck/shoulder fatiguing tasks in developing proactive, injury-preventative strategies, especially for
women. These findings could be relevant to our understanding of the sex-specific pain and injury mechanisms.
In turn, a better understanding may lead to better rehabilitation and injury prevention approaches.
Abbreviations
AD: Anterior deltoid; ANOVA: Analysis of variance; BIC: Biceps Brachii; Borg8: Rating of 8/10 on the Borg CR10 scale for neck/shoulder RPE;
CR10: Category ratio 10; EMG: Electromyography; MSD: Musculoskeletal
disorder; PCS: Pain Catastrophizing Scale; PPI: Present Pain Intensity;
PPT: Pressure pain threshold; RPE: Rating of perceived exertion; SFMPQ: McGill Pain Questionnaire (Short Form); UT: Upper trapezius; VAS: Visual
analog scale; WMSD: Work-related musculoskeletal disorder
Acknowledgements
The authors would like to thank the participants and Kim Emery, Sunghoon
Minn, Corin Hasegawa, Zachary Weber, and Shaheen Ghayourmanesh for
their help with the data collection and analysis.
Authors’ contributions
AO developed the research protocol and performed the data collection and
analysis under the supervision of JC. Both authors contributed to every
decision concerning this research, including presentation and interpretation
of results. KE assisted in data analysis and manuscript formatting. All authors
read and approved the final manuscript.
Funding
This work was supported by the Canadian Natural Sciences and Engineering
Research Council (NSERC) [RGPIN-2015-05111].
Availability of data and materials
Please contact the corresponding author for data requests
Ethics approval and consent to participate
The protocol was approved by the ethics committee of the Center for
Interdisciplinary Research in Rehabilitation of Greater Montreal. All
participants gave written consent.
Consent for publication
Not applicable

Page 9 of 10

Competing interests
The authors declare that they have no competing interests
Received: 6 May 2019 Accepted: 23 July 2019

References
1. Bartley EJ, Fillingim RB. Sex differences in pain: a brief review of clinical and
experimental findings. Br J Anaesth. 2013;111(1):52–8.
2. Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports Exerc.
1982;14(5):377–81.
3. Chesterton LS, Barlas P, Foster NE, Baxter GD, Wright CC. Gender differences
in pressure pain threshold in healthy humans. Pain. 2003;101(3):259–66.
4. Chesterton LS, Sim J, Wright CC, Foster NE. Interrater reliability of algometry
in measuring pressure pain thresholds in healthy humans, using multiple
raters. Clin J Pain. 2007;23(9):760–6.
5. Côté JN. A critical review on physical factors and functional characteristics
that may explain a sex/gender difference in work-related neck/shoulder
disorders. Ergonomics. 2012;55(2):173–82.
6. Côté JN. Adaptations to neck/shoulder fatigue and injuries. Adv Exp Med
Biol. 2014;826:205–28.
7. Crichton N. Visual analogue scale (VAS). J Clin Nurs. 2001;10(5):706.
8. Dannecker EA, Koltyn KF. Pain during and within hours after exercise in
healthy adults. Sports Med. 2014;44(7):921–42.
9. Etherton J, Lawson M, Graham R. Individual and gender differences in
subjective and objective indices of pain: gender, fear of pain, pain
catastrophizing and cardiovascular reactivity. Appl Psychophysiol
Biofeedback. 2014;39(2):89–97.
10. Farias Zuniga AM, Côté JN. Effects of dual monitor computer work versus
laptop work on cervical muscular and proprioceptive characteristics of
males and females. Hum Factors. 2017;59(4):546–63.
11. Fedorowich L, Emery K, Gervasi B, Côté JN. Gender differences in neck/
shoulder muscular patterns in response to repetitive motion induced
fatigue. J Electromyogr Kinesiol. 2013;23(5):1183–9.
12. Fillingim RB, King CD, Ribeiro-Dasilva MC, Rahim-Williams B, Riley JL. Sex,
gender, and pain: a review of recent clinical and experimental findings. J
Pain. 2009;10(5):447–85.
13. Fischer AA. Pressure algometry over normal muscles. Standard values,
validity and reproducibility of pressure threshold. Pain. 1987;30(1):115–26.
14. Hoeger Bement M, Drewek B, Hunter SK. Men report greater pain relief
following sustained static contractions than women when matched for
baseline pain. J Motor Behav. 2014;46(2):107–13.
15. Hollander DB, Kilpatrick MW, Ramadan ZG, Reeves GV, Francois M, Blakeney A,
Castracane VD, Kraemer RR. Load rather than contraction type influences rate
of perceived exertion and pain. J Strength Cond Res. 2008;22(4):1184–93.
16. Jones DH, Kilgour RD, Comtois AS. Test-retest reliability of pressure pain
threshold measurements of the upper limb and torso in young healthy
women. J Pain. 2007;8(8):650–6.
17. Koltyn KF, Trine MR, Stegner AJ, Tobar DA. Effect of isometric exercise on
pain perception and blood pressure in men and women. Med Sci Sports
Exer. 2001;33(2):282–90.
18. Kosek E, Ekholm J. Modulation of pressure pain thresholds during and
following isometric contraction. Pain. 1995;61(3):481–6.
19. Kosek E, Lundberg L. Segmental and plurisegmental modulation of pressure
pain thresholds during static muscle contractions in healthy individuals. Eur
J Pain. 2003;7(3):251–8.
20. Lannersten L, Kosek E. Dysfunction of endogenous pain inhibition during
exercise with painful muscles in patients with shoulder myalgia and
fibromyalgia. Pain. 2010;151(1):77–86.
21. Lee K-H, Lee M-H, Kim H-S, Kim J-H, Chung S-C. Pressure pain thresholds
[PPT] of head and neck muscles in a normal population. J Musculoskel Pain.
1994;2(4):67–81.
22. Lemley K, Senefeld J, Hunter S, Bement MH. Only women report increase in
pain threshold following fatiguing contractions of the upper extremity. Eur
J Appl Physiol. 2016;116(7):1379–85.
23. Mayer J, Kraus T, Ochsmann E. Longitudinal evidence for the association
between work-related physical exposures and neck and/or shoulder
complaints: a systematic review. Int Arch Occup Environ Health. 2012;85(6):
587–603.
24. Melzack R. The short-form McGill pain questionnaire. Pain. 1987;30(2):191–7.

Otto et al. Biology of Sex Differences

(2019) 10:39

25. Otto A, Emery K, Côté JN. Differences in muscular and perceptual responses
to a neck/shoulder fatiguing task between men and women. J
Electromyogr Kinesiol. 2018;43:140–7.
26. Portney LG, Watkins MP. Foundations of clinical research: applications to
practice. Vol 2: Prentice Hall Upper Saddle River, NJ, 2000.
27. Racine M, Tousignant-Laflamme Y, Kloda LA, Dion D, Dupuis G, Choinière M.
A systematic literature review of 10 years of research on sex/gender and
experimental pain perception–Part 1: are there really differences between
women and men? Pain. 2012;153(3):602–18.
28. Rivest K, Côté JN, Dumas J-P, Sterling M, De Serres SJ. Relationships
between pain thresholds, catastrophizing and gender in acute whiplash
injury. Man Ther. 2010;15(2):154–9.
29. Rollman GB, Lautenbacher S. Sex differences in musculoskeletal pain. Clin J
Pain. 2001;17(1):20–4.
30. Sullivan M. The pain catastrophizing scale: user manual. Montreal: McGill
University; 2009. p. 1–36.
31. Sullivan MJ, Bishop SR, Pivik J. The pain catastrophizing scale: development
and validation. Psych Assess. 1995;7(4):524.
32. Treaster DE, Burr D. Gender differences in prevalence of upper extremity
musculoskeletal disorders. Ergonomics. 2004;47(5):495–526.
33. Vlaeyen JW, Linton SJ. Fear-avoidance and its consequences in chronic
musculoskeletal pain: a state of the art. Pain. 2000;85(3):317–32.
34. Vos T, Allen C, Arora M, Barber RM, Bhutta ZA, et al. Global, regional, and
national incidence, prevalence, and years lived with disability for 310
diseases and injuries, 1990-2015: a systematic analysis for the Global Burden
of Disease Study 2015. Lancet. 2016;388(10053):1545.
35. Walton D, MacDermid J, Nielson W, Teasell R, Chiasson M, Brown L.
Reliability, standard error, and minimum detectable change of clinical
pressure pain threshold testing in people with and without acute neck
pain. J Orthop Sports Phys Ther. 2011;41(9):644–50.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 10 of 10

