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Abstract

Women have a higher prevalence of fibromyalgia and myofascial pain than men, but sex differences
in muscle pain are inconsistently detected. We examined sex differences in ratings and effects of
recalled and experimentally-induced muscle pain. In Study 1 (N = 188), participants completed a
questionnaire about recalled muscle pain. In Study 2 (N = 55), participants’ described muscle pain
from an exercise stimulus across three days by telephone. Muscle pain ratings, self-care behaviors
for muscle pain, and effects of muscle pain on activities were measured. No significant sex differences
were found except that women tended to view exercise as more effective for decreasing muscle pain
than men (F1, 187 =5.43, p = .02, n2 = .03), fewer women performed exercise for induced muscle
pain than men, and women’s activity interference was significantly higher than men’s at the third
day post-exercise (Fy, 42 = 6.54, p= .01, n2 = .14). These findings support the absence of meaningful
sex differences in muscle pain ratings. However, additional investigations are needed that consider
the daily activities completed by people and the prevalence and incidence of performing a wide range
of self-care behaviors for pain.

Perspective: These studies support that sex differences are not present in recalled and
experimentally-induced muscle pain ratings. Therefore, we must be cautious about generalizing the
musculoskeletal pain literature to muscle pain. Additional research is needed to interpret potential
sex differences in self-care behaviors for muscle pain and activity interference from muscle pain.
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Fibromyalgia“ol77 and myofascial pain66 are more prevalent in women than men and the only
located epidemiological study of muscle pain within a community sample (N = 780) found that
women were more likely to report muscle pain than men.3% In addition, women have higher
pain responses to pressure applied onto muscles than men1:9:7,25,32,43,44,67 \yith an
exception located.®1 Furthermore, women have greater muscle pain in response to
intramuscular injections of algesic substances than men®27,79 with one exception located.
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72 Thus, health care providers may assume that women have higher muscle pain responses
than men.

In contrast, sex differences in movement-induced muscle pain are inconsistently detected. For
example, women reported less muscle pain during cycling than men, but women perceived
more muscle pain from chewing and biting tasks than men.39:99,72 There is mixed evidence
of sex differences in pain from muscle contractions during ischemia.22,26,28,45,52,58 gay
differences have not been detected in most studies of delayed-onset muscle pain/sorenessl?’v
16,19,31,41,55,56,60,62 \yjt the exceptions of one study that found women’s pain reports
increased more slowly than men’s#9 and another study that found less pain in women than
men.12 Therefore, additional research is needed regarding sex differences in muscle pain.

Many factors (eg characteristics of the settinclg, tgpe of pain, etc.) are already known to influence
the observation of sex differences in pain.2 63 However, the imgortance of the type of pain
measure has received little consideration with some exceptions.2 23 Previous studies of sex
differences in muscle pain have measured the prevalence of pain, pain ratings, and pain
thresholds and tolerances, but additional insight about sex differences in muscle pain may be
obtained by assessing other types of pain behaviors such as the performance of self-care
behaviors (eg taking medication or applying heat). No studies of sex differences in self-care
behaviors specifically for muscle pain were located, but women have been found to perform
more self-care behaviors in response to musculoskeletal pain than men#2:75 and to use women
medication and exercise more frequently to relieve musculoskeletal pain than men.30

In addition to the evaluation of self-care behaviors, consideration of the effects of muscle pain
on the performance of daily activities (i.e., activity interference) may also advance our
understanding of sex differences in muscle pain. No studies of sex differences in activity
interference from muscle pain, in particular, were located, but studies about pain, in general,
have reported higher activity interference in women than men,84:70 jower activity interference
in women than men,17 and no sex difference in activity interference.69:74 Therefore, there is
no consensus in the literature regarding sex differences in activity interference and
investigations specifically about muscle pain are warranted.

We conducted two studies to advance our understanding of sex differences in recalled muscle
pain and movement-induced muscle pain. Muscle pain reports, the performance of self-care
behaviors for muscle pain, and the effects of muscle pain on daily activities were examined.
We hypothesized that women would report similar levels of recalled and movement-induced
muscle pain than men, but women would view self-care behaviors as more effective for muscle
pain than men, more women would perform self-care behaviors for muscle pain than men, and
women would experience more activity interference from muscle pain than men.

Study 1 Methods

Participants

Procedures

Participants (N = 188; 61.7% women) were recruited from a university participant pool and
their average age was about 19 years (SD = 1.56). There were no restrictions for participation
and each participant consented to participate in a manner that was approved by a large
southeastern university’s Health Science Center Institutional Review Board.

Groups of as many as eight participants completed individual packets of paper and pencil
questionnaires in a single-session protocol. These questionnaires asked participants to rate
previous muscle pain and to describe their attitudes about and performance of self-care
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behaviors for recalled muscle pain. In addition, participants were asked to rate the effects of
muscle pain on their daily activities.

Muscle pain ratings—Using 0-100 numerical pain scales for pain intensity and pain
unpleasantness, participants rated the lowest, usual, and highest levels of muscle pain they had
experienced during the past week. Both pain intensity and pain unpleasantness were assessed
in order to evaluate the quantity and quality of pain as recommended.1 The anchors for the
pain intensity scale were “0 = no pain sensation” and “100 = most intense pain sensation
imaginable.” The anchors for the pain unpleasantness scale were “0 = not at all unpleasant”
and “100 = most uné)leasant imaginable.” Such numerical pain scales have been found to be
reliable and valid.3

Concern about and effects of muscle pain—Assessments of concern about muscle pain
as a signal of future harm or impaired health, the ability to endure muscle pain, and the amount
of activity interference from the muscle pain were based on the Medical College of Virginia
qur—zstionnaire76 and rated using 0—100 numerical scales. The level of concern for muscle pain
as a signal of the future harm or impaired health was rated using the anchors of “0 = not at all
concerned” and “100 = most intensely concerned imaginable.” The ability to endure muscle
pain was rated using the anchors of “0 = not at all difficult” and “100 = most difficult
imaginable.” Activity interference from muscle pain was rated using the anchors of “0 = no
interference” and “100 = complete interference.”

Self-care behaviors for muscle pain—The perceived effectiveness of self-care behaviors
specifically for muscle pain and the frequency of performing specific self-care behaviors for
muscle pain were assessed. The self-care behaviors that were evaluated (i.e., rest, exercise,
massage, heat, cold, stretching, over-the-counter medications) are common treatments for
muscle injury.6 A 0-100 numerical scale with anchors of “0 = not at all” and “100 =
completely” was used to measure the effectiveness of performing each behavior. A 0-100
numerical scale with anchors of “0 = never” and “100 = always” was used to measure the
frequency of performing each behavior.

Data Analyses

Sex differences in muscle pain ratings, concerns about and effects of muscle pain, and the
perceived effectiveness and performance of self-care behaviors were assessed using one-way
analyses of variance (ANOVAS). Due to the number of tests conducted, the alpha level for
statistical significance (a = .05) was corrected by the maximum number of family-wise
comparisons (i.e., ratings, concerns and effects of muscle pain, and self-care behaviors) such
that statistical significance ranged from p < .017 (.05 / 3) to p <.007 (.05/ 7). All analyses
were conducted using SPSSx software (SPSS, Inc., Chicago, IL). The meaningfulness of the
group differences were determined by calculating eta squared (n2). Eta squared values of .01, .
06, and .14 corresponded to small, medium, and large effect sizes, respectively.

Study 1 Results

No significant sex differences were detected in recalled muscle pain ratings. More specifically,
there were no meaningful sex differences in the participants’ ratings of the highest, usual, or
lowest muscle pain intensity or muscle pain unpleasantness from the past week. (See Table 1.)
However, the levels of muscle pain from the past week were noteworthy; the highest level of
pain intensity was 37.76 (SD = 24.62) and pain unpleasantness was 40.98 (SD = 28.19) for the
total sample. Self-care behaviors for muscle pain such as stretching, massage, exercise, and
rest were commonly performed, but no sex differences were found in the frequency of
performing self-care behaviors for muscle pain. In addition, no sex difference in the perceived
effectiveness of self-care behaviors for muscle pain were observed except that women tended
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to view exercise as more effective for decreasing muscle pain than men (F; 157 =5.43,p=.
02, 12 = .03). (See Table 2 and Table 3.) Furthermore, no sex differences were observed in
participants’ concern about muscle pain as a signal of future harm or impaired health, ability
to endure muscle pain, and the amount of activity interference from muscle pain (Table 4).

Study 1 Discussion

In Study 1, no sex differences in ratings of recalled muscle pain were observed despite
similarities between the participants’ highest recalled muscle pain ratings and the average
muscle pain ratings reported by patients with myopathies.15 Also no sex differences were
observed in the amount of activity interference from muscle pain, ability to endure the muscle
pain, or concern about the muscle pain as a signal of future harm or impaired health.
Furthermore, no sex differences were found in the frequency or perceived effectiveness of self-
care behaviors for muscle pain with the exception of a small sex difference in women viewing
exercise as more beneficial for muscle pain than men. These findings support our hypothesis
that the sexes would be similar in recalled muscle pain ratings, but these findings contradict
our hypotheses that women would perform self-care behaviors for muscle pain more frequently
than men and women would experience more activity interference than men.

There are several potential explanations for the lack of hypothesized sex differences. Our
sample was composed of young adults with an average age of 21 years while the median age
of the community sample in the study by Jansen and colleagues was 44 years. Perhaps, young
healthy adults simply perform self-care behaviors differently than older adults. Older adults
have a higher prevalence of musculoskeletal pain,2’3*50’69 but young adults are more
physically active than older adults.”3 It is also possible that our questionnaire about recalled
muscle pain lacked sufficient sensitivity. Alternatively, sex differences in indicators of
musculoskeletal pain may not generalize to recalled muscle pain. For example, musculoskeletal
pain measures may be dominated by the joint pain from arthritis, which is very prevalent and
different from muscle pain.24

Regardless, the limitations of this questionnaire study of recalled behaviors for recalled muscle
pain needed to be addressed by a prospective investigation of induced muscle pain. The
administration of controlled stimuli that produce clinically-relevant muscle pain offers a
significant advantage over survey methodologies because the amount of stimulation used to
induce the muscle pain is quantified and applied in a standardized way. In addition, such a
prospective investigation reduces recall bias.

Therefore, in a second study, exercise was completed to induce movement-induced muscle
pain; more specifically, delayed-onset muscle pain was induced. Muscle pain ratings and self-
care behaviors for and activity interference from delayed-onset muscle pain were assessed. We
hypothesized again that women would report similar levels of muscle pain responses than men,
but women would perform more self-care behaviors for muscle pain than men and women
would experience more activity interference from muscle pain than men.

Study 2 Methods

Participants

Participants (N = 55; 58.2% women) were recruited from a university and their average age
was about 21 years (SD = 2.23). The restrictions for participation were the following: (a) had
not engaged in upper body strength training on a regular basis (i.e., two times per week) for
consecutive weeks within the previous six months, (b) were not currently experiencing arm
pain, and (c) had no history of upper arm injury within the previous six months. In addition,
participants were screened for potential risk factors to the exercise protocol (e.g., excessive
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swelling, loss of range or motion, exertional rhabdomyolysis). Participants were restricted from
consuming analgesics 12 hours before the eccentric exercise session. Each participant
consented to participate in a manner that was approved by a large southeastern university’s
Health Science Center Institutional Review Board.

The eccentric exercise task was completed in a single session, which was conducted at a
physical therapy clinic of Shands Hospital. Then movement-induced muscle pain ratings,
effects of the movement-induced muscle pain on daily activities, and the performance of self-
care behaviors to decrease movement-induced muscle pain were assessed by a telephone data
recording system (VoiceGuide; Katalina Technologies, Sydney, Australia) across three days
post-exercise. A female investigator (EAD) conducted the sessions for all the participants and
the telephone data recording system used sound files of her voice.

Exercise behavior—The Leisure-Time Exercise Questionnaire (LTEQ) was administered
before the eccentric exercise task to provide information about the exercise behavior of the
sample.29 The LTEQ is composed of three items that assess the frequency of performing
strenuous, moderate, and mild exercise during leisure-time. Examples of each exercise
intensity are provided and the respondents are asked to consider a typical week. The frequency
of each exercise intensity can be conceptualized as a total weighted score in metabolic
equivalents. The correlation between the total weighted score and maximal oxygen intake
(VOomax) Was r=.56 (p < .05), which was the highest correlation among 10 other self-report
measures of exercise behavior.

Eccentric exercise task—To induce temporary movement-induced muscle pain,
lengthening contractions (i.e., eccentric contractions) of the elbow flexors of participants’
dominant arm were completed with a muscle testing apparatus (Biodex System 3; Biodex
Medical Systems, Shirley, NY). Participants were initially positioned according to the
manufacturer’s recommendations and 6-10 sub-maximal familiarization repetitions were
completed. Then an eccentric strength test that consisted of five consecutive maximal
lengthening repetitions (5 RM) was performed and the peak torque was defined as eccentric
strength. Finally, using a minimum peak torque target of 75% of eccentric strength, participants
completed 3 sets of 12 lengthening repetitions with a rest period of 60 s in between each set.
All of these repetitions were completed at a velocity of 90°/s through active range of motion
and participants were permitted to observe their torque output throughout the range of motion
on a display screen. The total work (i.e., torque by distance) during both the eccentric strength
test and the 3 sets of repetitions was recorded.

Muscle pain ratings—In order to evaluate the multidimensional nature of pain,61 ratings
of muscle pain intensity and muscle pain unpleasantness in the dominant arm were assessed
before eccentric exercise by verbal report and daily for three days post-exercise with 0-100
numerical scales via a telephone data collection system. The anchors of the pain intensity scales
were “no pain” and “most intense pain sensation imaginable.” The anchors of the pain
unpleasantness scales were “no unpleasantness” and “most unpleasant imaginable.” The
numerical scales have been found to be reliable and valid.36

Performance of self-care behaviors—The performance of self-care behaviors
specifically for the movement-induced muscle pain in the dominant arm over the previous 24
hrs were reported daily for three days post-exercise via the telephone data collection system.
(We did not assess pre-exercise self-care behaviors for muscle pain in the arms because
participants with any current arm injuries were excluded from participation.) Participants
reported whether they had or had not performed any of the following behaviors for muscle pain
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in their dominant arms over the previous 24 hrs: applied heat or cold, stretched, massaged,
rested, exercised, or consumed a medication.

Effects of the pain—The frequency of feeling movement-induced muscle pain during
normal daily activities and the amount of activity interference from the movement-induced
muscle pain over the previous 24 hrs were collected daily via the telephone data collection
system for three days post-exercise. (We did not assess pre-exercise effects of muscle pain in
the arms because participant with any current arm injuries were excluded from participation.)
Participants were specifically asked to rate “How frequently you have felt muscle pain from
the exercise in your dominant arm while doing your normal daily activities over the last 24
hrs” and “How frequently the muscle pain from the exercise in your dominant arm has
interfered with your normal daily activities over the last 24 hrs.” (We did not attempt to define
“normal daily activities” for the participants.) The frequency of feeling muscle pain during
daily activities and the frequency of muscle pain interfering with daily activities were rated
using the anchors of “0 = never” and “100 = constantly.”

Data Analyses

Sex differences in leisure-time exercise behavior were appraised with one-way analyses of
variance (ANOVAS). Evaluations of sex differences in responses to the eccentric exercise
controlled for the average total work (i.e., torque by displacement) across the three sets of
eccentric exercise because muscle strain is believed to be the cause of muscle damage from
Iengthening contractions#8 and men produce more torque than women during eccentric
exercise.5 Therefore, sex differences in movement-induced muscle pain ratings were
evaluated with 2 (Sex)x 4 (Time) mixed-model analyses of covariance (ANCOVAs) such that
muscle pain ratings pre-exercise and across three days post-exercise were included. Also sex
differences in the effects of the movement-induced muscle pain on activities across three days
post-exercise were assessed with 2 (Sex)x 3 (Time) mixed-model ANCOVAs. Significant
interactions were further analyzed by one-way ANCOVAs for each day post-exercise. Finally,
sex differences in the performance of self-care behaviors were examined using Fisher’s Exact
Tests. All analyses were conducted using SPSSx software (SPSS, Inc., Chicago, IL). Statistical
significance was defined as p < .05 and eta squared (n?) was calculated to determine the
meaningfulness of the results. Eta squared values of .01, .06, and .14 corresponded to small,
medium, and large effect sizes, respectively.8

Study 2 Results

The leisure-time exercise behavior of women (M = 38.73, SD = 23.15) was not significantly
different than men (M= 37.30, SD = 29.06; F1 53 = 0.04, p= .84, n? < .01). The participants’
compliance with appropriately calling into the telephone data recording system for the three
days post-exercise ranged from 85.2% to 100%. The eccentric exercise successfully induced
a level of muscle fain that is similar to the average muscle pain ratings reported by patients
with myopathies. 5 After adjustment by total work completed during the eccentric exercise,
both muscle pain intensity (F3 126 = 4.78, p < .01, n? = .10) and muscle pain unpleasantness
(F3, 126 = 6.54, p < .01, n? = .14) increased across the three days post-exercise; there were no
differences among the three days post-exercise. No sex by time interactions for muscle pain
intensity (F3 126 = 0.93, p = .43, n2 =.02) or muscle pain unpleasantness (F3,126=1.02,p=.
39, n2 = .02) were found. Also no main effects of sex on muscle pain intensity (F1, 42 = 0.06,
p=.81,712<.01) or muscle pain unpleasantness (F1,42=0.16,p=.69,7 2 < 01) were observed.
(See Figure 1.)

Similarly, the frequency of feeling muscle pain during normal daily activities did not

significantly fluctuate across the three days post-exercise (F» g = 0.99, p = .38, n2=.02) and
no sex by time interaction (F» g2 = 2.03, p = .14, n? = .05) or main effect of sex (F1,41=0.10,
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p = .76, 1< .01) were detected after adjustment for total work. (See Figure 2.) Also activity
interference from muscle pain did not significantly change across the three days post-exercise
(F2,84=1.67,p= .19, n? = .04) and there was no significant main effect of sex (F1,42=1.14,
p= .29, n? = .03) after adjustment for total work. However, despite similar levels and patterns
of muscle pain, the sex by time interaction was significant (F g4 = 4.97, p= .01, n?=.11)
such that women’s activity interference from muscle pain was significantly higher than men’s
at the third day post-exercise (Fo, 42 = 6.54, p =.01, 0 2= 14). (See Figure 2.)

No sex differences in the performance of self-care behaviors for the induced muscle pain were
found across three days post-exercise except that significantly fewer women (7.4%) exercised
the arm to reduce the muscle pain than men (33.3%) at both one and three days post-exercise.
At two days post-exercise 25.9% of women and 38.9% of men exercised the arm to reduce the
muscle pain, which were not significantly different. (The results for the third day post-exercise
are displayed in Table 5).

Study 2 Discussion

In Study 2, despite successful induction of delayed-onset muscle pain at a level that was similar
to the average muscle pain ratings reported by patients with myopathies,15 no significant sex
differences in ratings of muscle pain intensity or muscle pain unpleasantness were observed.
As previously stated, most studies of delayed-onset muscle pain/soreness have not detected
significant sex differences’3:16,19,31,41,55,56,60,62 \yjith the exceptions of one study that
found women’s pain reports increased more slowly than men’s#9 and another study that found
less pain in women than men.12 Therefore, the results of Study 2 add to the developing
consensus that women and men do not differ in delayed-onset muscle pain reports.

Similarly, the women and men in Study 2 did not generally differ in the performance of self-
care behaviors with the exception that fewer women than men reported performing exercise
to reduce muscle pain at one and two days post-exercise. These findings contradict the
previously reviewed literature of women performing more self-care behaviors for
musculoskeletal pain than men. Once again, it is possible that the age of sample, the method
of assessing self-care behaviors, and/or the type of pain may reasons for the lack of consensus.
Also we only induced muscle pain in one location.

The only sex difference in the effects of pain on activities was that women reported significantly
higher activity interference from delayed-onset muscle pain at the third day post-exercise than
men. This result resembles reports that women with musculoskeletal pain have more activity
interference,71 greater disability,?’0 miss more Work,46 and are less likely to return to work
and retain work than men. 10,54 However, measures of activity interference are alwaysaffected
by the actual activities performed and the manner in which the activities were performed. For
example, women have more physically repetitive employment in uncomfortable environments,
work more frequently and for longer durations with their arms elevated above their shoulders,
and spend less time resting than men.11,68 | fact, it has been argued that sex differences in
the prevalence of repetitive strain injury (e.g., carpal tunnel syndrome) disappear when the
occupational task is controlled.®3 However, sex differences in occupational tasks were not
likely to be a large factor in this study of young adults and Study 2 did not detect that the women
and men differed in leisure time exercise behavior. Future investigations need to assess the
actual activities undertaken and avoided by participants with induced muscle pain.

General Discussion

Study 1 administered a retrospective questionnaire to examine recalled muscle pain while
Study 2 measured movement-induced muscle pain by telephone data collection. Both studies
consistently lacked significant sex differences in ratings of muscle pain, which agree with most
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studies of delayed-onset muscle pain that have assessed muscle pain/soreness responses.13v
16,19,31,41,55,56,60,62 1 aqidition, Studies 1 and 2, for the most part, did not detect significant
differences in the performance or perceived effectiveness of self-care behaviors.

However, concluding from these results that there are no sex differences in ratings of recalled
or delayed-onset muscle pain may be simplistic. For example, in Study 1, a small sex difference
was observed in the perceived effectiveness of exercise for treating muscle pain, but women
did not report performing exercise or any other self-care behaviors for muscle pain more
frequently than men. In contrast, when muscle pain was actually induced in Study 2, fewer
women performed exercise to reduce the induced muscle pain than men at days one and two
post-exercise and women reported more activity interference from delayed-onset muscle pain
than men at the third day post-exercise. These sex differences are particularly interesting when
no sex differences in actual muscle pain ratings were detected. Clearly, it is important to assess
a wider range of pain behaviors than just pain ratings.

The distinctions between the two studies’ results support the importance of considering
experimentally-induced pain along with recalled pain when interpreting evidence about sex
differences in muscle pain. Perhaps, retrospective measures of pain behaviors are inherently
inaccurate just like recalled pain ratings.1 Also experimentally-induced muscle pain may be
inherently different from recalled muscle pain; certainly concerns about harm (i.e., “torn
muscles™) may be different in the two circumstances. In addition, we did not attempt to
determine the etiology of recalled muscle pain. Furthermore, different research personnel
collected data in the two studies, which may have influenced the results based on data about
the influence of investigators’ femininity and/or masculinity, attractiveness, empathy, race,
and professional status on pain responses.33'38'47v78 A prospective comparison of recalled
muscle pain and experimentally-induced muscle pain within the same participants with the
same investigators is needed.

Alternatively, the distinctions between the two studies’ results may have been influenced by
measurement issues. Study 1 assessed the recalled frequency of performing self-care behaviors
while Study 2 assessed the number of women and men who performed self-care behaviors.
Both studies assessed self-care behaviors with questions that the authors constructed due to
the absence of a validated measure of self-care behaviors for post-exercise muscle pain. The
development and validation of a measure for typical self-care behaviors for muscle pain such
as the Pain Coping Inventory37 or Pain Management Inventory 14 is needed.

In summary, these studies support that few sex differences are present in recalled and delayed-
onset muscle pain responses. However, the detection of greater activity interference in women
than men with movement-induced muscle pain in the absence of sex differences in muscle pain
ratings is important. Investigators should assess both muscle pain ratings and the impact of the
muscle pain on activities just as is frequently done by health care providers. For example, the
severity of overuse injuries is often classified by the timing and duration of pain in relation to
activities (e.g., “pain is present during activity, but does not cause alteration of activity”).57
However, both investigators and health care providers should be cautious about generalizing
sex differences within the musculoskeletal (e.g., low back pain) and muscle pain (e.g.,
fibromyalgia) literature to all types of muscle pain.

Additional prospective investigations about sex differences in muscle pain are needed.
Investigations should sample a wider age range of adults and measure multiple outcome
measures of pain response (e.g., self-care behaviors and activity interference); the frequency,
intensity, duration, and type of daily activities undertaken and avoided; and the prevalence and
incidence of performing a wide range of self-care behaviors. Also future investigations should
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compare outcome measures from different types and locations of muscle pain within the same
sample.
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Figure 2.

Adjusted means and standard deviations for frequency of feeling delayed-onset muscle pain
during normal daily activities and for delayed-onset muscle pain interfering with normal daily
activities.
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Table 5
Frequencies of performance of self-care behaviors for delayed-onset muscle pain at the third day post-exercise
(N =45)
Men Women
Freguenc Percentage| Frequenc Percentage|
Apply heat or cold 4 22.2 5 18.5
Stretch 14 77.8 24 88.9
Massage 15 83.3 24 88.9
Rest 12 66.7 22 783
Exercise 6 26.7 2 7.4
Consume medication| 3 16.7 9 33.3
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