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Abstract
Previous research demonstrates that men and women differ in the way that they perceive and
process pain. Much of this work has been done in healthy adults with a lack of consensus in
clinical pain populations. The purpose of this study was to investigate how men and women with
shoulder pain differ in their experience of experimental and clinical pain and whether
psychological processes differentially affect these responses. Fifty nine consecutive subjects (24
women, 35 men) seeking operative treatment for shoulder pain were enrolled in this study.
Subjects completed self report questionnaires to assess clinical pain, catastrophizing, anxiety and
depression and underwent a series of experimental pain tests consisting of pressure pain, thermal
pain (threshold and tolerance), and thermal temporal summation. Results indicated that women
experienced greater clinical pain and enhanced sensitivity to pressure pain. Age did not affect the
observed sex differences. There were no sex differences in psychological association with
experimental and clinical pain in this cohort. The relationship between clinical and experimental
pressure pain was stronger in women as compared to men. These findings offer insight into the
interactions between biological and psychosocial influences of pain and how these interactions
vary by sex.
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Introduction
A burgeoning body of literature demonstrates that men and women differ in the way that
they perceive and process pain (Fillingim et al., 2009; Greenspan et al., 2007). Most studies
document that women display greater sensitivity to experimental pain (Fillingim et al., 2009;
Riley et al., 1998). Much of this work has been done in healthy adults using experimentally
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induced pain with fewer studies investigating sex differences in clinical populations. Studies
that have explored sex differences in clinical pain have led to variable results including no
sex related differences in clinical pain severity (Robinson et al., 2005), enhanced
experimental pain sensitivity in women (George et al., 2007) and increased low back pain
intensity in men (George et al., 2006). We propose that examining associations between
experimental pain, clinical pain and psychological processes will help us better understand
the biological and psychosocial interactions potentially leading to these incongruent
findings.

Research has begun to illuminate the disparate effects of certain psychological variables on
the pain experience in men and women. Several reports suggest that anxiety more strongly
influences pain response in men as compared to women (Edwards et al., 2000; Fillingim et
al., 2009; Robinson et al., 2005). Alternatively, several studies have demonstrated that pain
related catastrophizing is more prevalent in women and mediates sex differences in reports
of day to day pain (Edwards et al., 2004), pain related outcomes in osteoarthritis (Keefe et
al., 2000) and experimental pain (Sullivan et al., 2000). These studies reiterate the
importance of investigating how psychological processes potentially influence pain
perception differentially for men and women.

The present investigation evaluated experimental and clinical pain responses in men and
women with shoulder pain. To best capture pain processing differences between sexes, we
utilized multiple modalities. Pressure pain thresholds have previously demonstrated the most
robust differences between sexes as compared to other experimental pain modalities (Riley
et al., 1998). Thermal pain tolerance was used because suprathreshold measures are believed
to be more clinically relevant than threshold measures (Edwards et al., 2005). Finally, we
chose to include temporal summation because this dynamic psychophysical measure is
thought to better capture the pain modulatory ability of the central nervous system as
compared to static measures such as threshold and tolerance that only measure a single point
in the pain processing continuum (Arendt-Nielsen and Yarnitsky, 2009).

Relatively few studies have examined sex differences in both experimental and clinical pain
and those that have yield little consensus (Edwards et al., 2005; Fillingim et al., 1999; Kim
et al., 2004). We hypothesized that women would display enhanced experimental pain
sensitivity, which would be associated with greater clinical pain. The study also sought to
further investigate the potentially disparate impact of catastrophizing and anxiety on
experimental and clinical pain across sexes. We hypothesized that catastrophizing would
more strongly influence experimental and clinical pain ratings in women whereas anxiety
would more significantly predict pain in men. Finally as an exploratory aim, we examined
the relationship of experimental and clinical pain sensitivity between the sexes.

Methods
Subjects

Consecutive patients presenting to the University of Florida’s Orthopedics Sports Medicine
Institute (OSMI) for surgical treatment of rotator cuff pathology were considered for this
study. Patients meeting the following inclusion criteria were considered eligible for
participation: (a) between 18 and 85 years of age, (b) complaints of pain limited to anterior,
lateral, or posterior shoulder, (c) documented or suspected rotator cuff tendinopathy
(evidence from clinical examination or imaging studies) including small (<1 cm), medium (1
to 3 cm), and large (3 to 5 cm) tears, (d) documented or suspected adhesive capsulitis
(evidence from clinical examination or imaging studies), (e) documented or suspected labral
lesion (evidence from clinical examination or imaging studies), and (f) scheduled for
arthroscopic procedure.
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Patients were deemed inappropriate for the study if meeting any of the following exclusion
criteria: (a) current complaints of neck, elbow, hand, low back, hip, knee, or ankle pain
lasting greater than the past three months, (b) massive or complete rotator cuff tear (defined
as tear >5 cm), (c) documented shoulder osteoarthritis or rheumatoid arthritis, (d) prior
shoulder surgery within the past year or current complaints of pain from prior shoulder
surgery, (e) current shoulder fracture, tumor, or infection, (f) previously diagnosed chronic
pain disorder (including but not limited to irritable bowel syndrome, fibromyalgia,
tempromandibular joint disorder, and chronic low back pain), (g) current medical
management for psychiatric disorder (defined as taking two or more psychiatric
medications), and (h) current gastrointestinal or renal illness. Subjects deemed eligible and
willing to participate provided informed consent according to guidelines set forth by the
University of Florida’s Institutional Review Board for Human Subjects.

Measures
Demographics

Information regarding sex, age, self reported race, medication status, work status, marital
status, and involved upper extremity was collected from each subject.

Self report questionnaires
Pain Catastrophizing Scale (PCS)—The PCS (Sullivan et al., 1995) was used to
measure pain catastrophizing in the study subjects. This tool is a 13 item scale that assesses
catastrophic cognitive (“I keep thinking about how much it hurts”) and affective (“I worry
all the time about when the pain will end”) responses to pain. The participant is asked to
recall the extent in which they have had specific catastrophic thoughts and feelings in
response to a past occurrence of pain. Ratings of one (not at all) to four (always) are
summed for a score range of 0 to 52 with higher scores indicating greater frequency of
cognitions related to helplessness, magnification, and/or rumination. A recent study
established the psychometric soundness of the PCS for use in both men and women (D’Eon
et al., 2004).

State-Trait Anxiety Index (STAI)—The STAI, used to evaluate anxiety in the study
subjects, consists of two 20-item scales; one which measures situational (state) anxiety and
the other which assesses more general, long standing (trait) anxiety. Items on each subscale
are rated on a four point likert scale, yielding a sum scare in which higher scores reflect
greater levels of anxiety. This tool has been well validated (Spielberger et al., 1983) and
widely used in research and clinical settings. For purposes of this investigation only the trait
subscale was used as it captures the relatively stable individual differences in anxiety.

Beck Depression Inventory (BDI)—Depression levels were assessed with the BDI
which is a commonly used, 21-item measure that demonstrates excellent reliability and
validity (Beck et al., 1988). This self report measure asks subjects to rate the severity with
which they experience symptoms or attitudes reflective of cognitive, affective, or vegetative
symptoms of depression.

Brief Pain Inventory (BPI)—Clinical shoulder pain was assessed using the BPI, a tool
that has broad use in various research and clinical arenas. The BPI (Cleeland and Ryan
1994) measures pain intensity on an eleven point numerical rating scale (0-10) in three
conditions; worst pain in the past week, least pain in the past week, and current pain. The
BPI has been deemed valid and reliable in multiple populations; recently in patients
experiencing non-malignant pain (Tan et al., 2004). The BPI question asking for the
subject’s current pain (“pain right now”) was used for analyses involving clinical pain
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severity. This aspect of the subject’s clinical pain was chosen as this rating corresponded to
the timing of the experimental pain procedures and completion of psychological
questionnaires.

Experimental Pain Sensitivity Procedures
Thermal pain threshold and tolerance

To determine participants’ pain threshold and tolerance in response to heat pain, thermal
stimuli were delivered to the involved and uninvolved volar forearms. Thermal stimuli were
delivered using a contact thermode and a computer controlled Medoc Neurosensory
Analyzer (TSA-2001; Ramat Yishai, Israel) with a peltier element stimulator. Temperature
of the thermode was increased at a rate of 0.5°C per second until the patient reported their
first sensation of pain (threshold). Tolerance was determined by having subjects say “stop”
when the pain from the thermode became intolerable. Between trials, the thermode was
alternated between arms and shifted to avoid sensitization or habituation. Temperature of the
thermode at the time subjects reported threshold and tolerance was recorded. Two trials each
of threshold and tolerance were repeated and the average of these trials was used for
analysis.

Thermal temporal summation
Temporal summation (TS) was measured using a contact thermode which delivered three
series of five heat pulses of less than one second duration to the thenar eminence of both
hands. An interstimulus interval of .33 Hz was used to ensure the development of TS. Each
heat pulse rapidly fluctuated from a baseline temperature of 35°C to a maximum
temperature of 47°C and 49°C followed by a return to the 35°C baseline temperature at a
rate of 10°C per second. Subjects were cued to rate their delayed (second) pain intensity
associated with each heat pulse using a verbal 0 (no pain) to 100 (worst pain intensity
imaginable) numerical rating scale. These ratings are believed to measure the progressive
increase in magnitude of C-fiber input as a result of repeated neural firing (Arendt-Nielsen
and Yarnitsky, 2009). TS was quantified by subtracting the first pain rating from the last
pain rating as this reflected the slope or the amount of summation obtained as a result of
repeated C fiber stimulation.

Pressure pain threshold
A Fischer pressure algometer (Pain Diagnostics and Thermography Inc, Great Neck, NY)
was used to assess pressure pain thresholds bilaterally at the acromion processes
(PPacromion) and masseter muscle (PPmasseter). Mechanical pressure was applied at a rate
of 1kg per second until the subject reported the first sensation of pain from the pressure at
which point the amount of pressure being applied was recorded. This process was repeated
four times bilaterally at each site and the average of the four assessments was used for
subsequent analyses.

Procedures
All study procedures were approved by the University of Florida Institutional Review
Board. Participants completed the 90 minute study session three to five days prior to their
scheduled shoulder surgery. Following initial screening and signing of the informed consent,
subjects completed the demographic and self report questionnaires. Next, participants began
the experimental pain testing protocol which consisted of thermal pain threshold and
tolerance, pressure pain threshold, and thermal temporal summation. Following the
completion of experimental pain testing, subjects were reimbursed for their time and
thanked for their participation.
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Data Analysis
Data analysis was performed using SPSS, Version 17.0. Prior to analysis, the distribution of
variables was tested by visual examination and with the Kolmogorov-Smirnov test. Paired t-
tests showed no differences in pain sensitivity between the right and left side of the body
(p>.05); therefore measurements from both sides were averaged into one score for the
remainder of analyses. Descriptive statistics (means, standard deviations) were calculated
for all variables.

Independent t-tests were used to determine whether there were differences in clinical pain,
experimental pain, or psychological measures between sexes. Sex differences in TS were
investigated using mixed model analysis of variance (ANOVA) with sex as the between
subject factor and temporal summation pulse (first, third, and fifth pulse) as the within
subject factor. The relationships between clinical pain, experimental pain sensitivity and
psychological measures were assessed using Pearson correlation, separated by sex. For
analyses of correlation with temporal summation, the slope of the pulses was used to obtain
a single value of summation. The slope was calculated by subtracting the pain level of the
fifth pulse from the pain level of the first pulse. To detect significant differences in Pearson
coefficients between sexes, correlations were converted to Fisher Z scores. The difference
between the male and female Fisher Z scores was compared to determine whether the
difference between the two was significant.

To account for multiple comparisons, we adopted an alpha level of .01 to control for type I
error inflation. A Bonferroni correction would have called for a more stringent alpha
correction that would have risked the dismissal of certain relationships and variables as
potentially relevant for future research considerations. Adopting an alpha level of .01
balanced the need to adjust for numerous analyses with our desire to capture potentially
important relationships that might inform future investigations. We did not perform an a
priori power calculation for sex differences given that this was a secondary analysis (George
et al., 2008). With the sample size recruited for the primary study, analyses were powered to
detect moderate and large sex differences, but not small sex differences.

Results
Sample characteristics

A total of 59 participants were included the study. Descriptive statistics for the demographic,
clinical and psychological measures from the sample are summarized in Table I. In a
preliminary analysis female participants were significantly older than male participants
[t(56)=2.13; p=.038] so we evaluated the effects of age on our hypotheses. Using regression
to control for age while examining the influence of sex on clinical pain, experimental pain
and psychological measures, we found that age had minimal influence on these variables
(p’s >.05). To examine the influence of age on sex differences in temporal summation, we
included age as a covariate in the mixed model ANOVA. Again, age had minimal influence
on temporal summation at 47°C and 49°C (p’s >.05). Overall we concluded that the age
differences between the sexes had minimal influence and therefore present our results
unadjusted for age.

Differences in clinical pain, experimental pain, and psychological measures between
sexes

Sex differences in clinical pain, experimental pain sensitivity and psychological measures
are presented in Table II. Women experienced greater clinical pain (p = 0.005), had lower
thermal pain tolerance (p<.001) and lower pressure pain thresholds for PPacromion (p <.
001) and PPmasseter (p = .001). Sex differences in TS varied by stimulus temperature
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(Figure 1). The interaction term between sex and TS (Figure 1a) was non-significant at 47°C
[F(2,44) = 0.56; p= 0.57]. There was a significant main effect for sex [F(1,46) = 9.78; p=
0.003], such that women had a higher overall pain ratings for each pulse. There was no
significant main effect for TS pulse [F(2,44) = 0.45; p= 0.64]. The interaction term between
sex and TS (Figure 1b) was significant at 49°C [F(2,44) = 5.12, p= 0.01]. Contrasts revealed
that females had higher pain ratings for the third [F(1,44) = 5.66, p= 0.02] and fifth pulse
[F(1,44) = 7.99, p= 0.01], but not the first pulse (p > .05). Men and women did not differ on
measures of catastrophizing (p=0.388), trait anxiety (p=0.636), or depression (p=0.434).

Correlations among experimental, clinical pain and psychological measures
None of the psychological variables were significantly correlated with the clinical or
experimental pain measures, nor did these relationships significantly differ as a function of
sex (Table III). Pain catastrophizing was negatively associated with PPmasseter in women
(indicating that increased levels of catastrophizing were associated with decreased pressure
pain thresholds, or enhanced sensitivity to pressure pain) whereas pain catastrophizing was
positively correlated with PPmasseter in men (increased levels of catastrophizing were
associated with increased pressure pain thresholds), although this sex difference in
association (p=0.015) did not reach statistical significance set at p<.01 for the Bonferroni
correction. Table IV summarizes sex differences in the Pearson correlations between clinical
and experimental pain. Sex differences were found only in the relationship between
PPmasseter and clinical pain (p=.005) revealing that pressure pain in the masseter is more
strongly associated with clinical pain in women as compared to men.

Discussion
The purpose of this study was to investigate how the sexes differ in their experience of
experimental and clinical pain and whether psychological processes differentially affect
these responses. This study adds to the literature by examining these factors in a clinical
population and investigating differences in association between experimental pain, clinical
pain, and psychological processes. We found that, as hypothesized, females with shoulder
pain displayed enhanced sensitivity to experimental pain and reported higher levels of
clinical pain intensity. Associations between psychological processes, clinical shoulder pain
and experimental pain ratings did not vary by sex. Finally, this study found that women with
shoulder pain demonstrated a more robust relationship between pressure pain sensitivity and
clinical pain ratings.

This study extends findings from healthy populations to demonstrate that females with
shoulder pain display greater sensitivity to experimental pain modalities. A finding of
particular interest was that women had a greater rate of TS at 49°C. Sex differences for TS
have been demonstrated in healthy individuals (Fillingim et al., 1998; Maixner et al., 1998;
Robinson et al., 2004; Sarlani et al., 2004), patients with chronic low back pain (George et
al., 2007) and patients with tempromandibular disorders (Sarlani et al., 2007). This study
replicates these findings in a novel population; patients with shoulder pain. The fact that a
dynamic psychophysical modality with a strong C-fiber component elicits robust sex
differences in healthy and clinical populations adds evidence to a sex mediated differences
in processing of C-fiber mediated pain (Fillingim et al., 1998). Enhanced summation in
response to repetitive C fiber input is one mechanism impacting the development of central
sensitization and might be one factor, among many, leading to an over-representation of
women in chronic pain disorders.

Findings from studies investigating clinical pain severity in musculoskeletal pain conditions
have ranged from women experiencing more intense pain (Bingefors and Isacson, 2004;
George et al., 2007), to an equal pain experience between sexes (Robinson et al., 2005), to
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men experiencing more severe pain (George et al., 2006), to women and men differing on
some but not all aspects of the pain experience (Rustoen et al., 2004). The current study
found that women reported greater pain intensity produced by their shoulder condition. This
finding could be explained, in part, by the pain processing differences revealed using
experimental pain modalities. In addition to increased rates of temporal summation, women
experienced enhanced pressure pain which is proposed to measure the sensitivity of deep
tissue afferents (Staahl et al., 2009), a relevant mechanism likely producing pain in this
specific population. Along with potential biological differences in pain processing, a number
of other explanations have been proposed to account for sex differences in pain severity
including sex differences in musculature (Rollman and Lautenbacher, 2001), hormonal
influences on pain perception (Fillingim and Ness, 2000) and psychological influences
(Edwards et al., 2004). It is most likely that a complex combination of biological, social, and
psychological variables interacts to produce disparate clinical pain severities between men
and women. For this reason the current study investigated whether psychological processes
might contribute to these sex differences in clinical pain.

Associations between psychological processes, clinical shoulder pain and experimental pain
sensitivity did not vary as a function of sex in this investigation. Catastrophizing, a
psychological construct of interest in the pain literature, has been widely studied for sex
differences. Sex mediated differences in the association between catastrophizing and
experimental pain responses have shown some variability (Edwards et al., 2004) with one
study showing an association among women but not men (Fillingim et al., 2005) and others
showing a similar association between sexes (Goodin et al., 2009; Sullivan et al., 2000). The
present investigation differs from the aforementioned studies by using a sub-acute clinical
pain model in contrast to using experimental pain or studying patients with chronic pain.
This population represents a unique group of patients with a discrete musculoskeletal
condition; psychological relationships generalized from a chronic pain population might not
extend to this population. A lack of sex mediated differences in these relationships could
indicate a similar psychological response to sub-acute, single-site pain in men and women.
Alternatively, our relatively strict exclusion criteria for psychiatric conditions may have
contributed to this lack of sex differences by restricting our sample to those with minimal
psychological distress. Indeed, mean levels of psychological functioning in both sexes
(Table II) fell well below previously established cutoffs for the presence of catastrophizing
(Sullivan et al., 1995), depression (Geisser et al., 1997), and anxiety (Spielberger, et al.,
1977), indicating minimal psychological involvement in these participants. That both sexes
exhibited particularly healthy levels of psychological functioning could contribute to our
lack of sex differences in these psychological processes despite previous evidence of
differences between men and women (Tsang, et al., 2008).

While the investigation of sex differences in experimental pain sensitivity enhances our
understanding of nociceptive processing, there remains some debate as to how this translates
into the experience of clinical pain (Edwards et al., 2005; Kim et al., 2004). Even less is
known about how the relationship between experimental and clinical pain might vary by
sex. In the current study, pressure pain demonstrated the strongest sex difference in the
association between clinical and experimental pain, with stronger associations emerging
among women. Rollman and Lautenbacher (2001) suggest that sex differences in pain
sensitivity are most robust for pressure pain, an experimental pain modality that is especially
sensitive to underlying pathology in musculoskeletal pain. Two other studies have reported
that experimental pain responses were related to clinical pain in healthy females but not
males (Fillingim et al., 1999) and that ischemic pain tolerance was related to treatment
outcomes in women with chronic pain but not men (Edwards et al., 2003). These studies
suggest that experimental pain responses could be more clinically relevant in women as
compared to men, although the current study only found this to be true for pressure pain.
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Edwards (2005) proposes that the type of noxious stimuli used might shape the relationship
between experimental pain and clinical pain response. In this sample of individuals with
sub-acute shoulder pain, pressure pain may have been best suited to elicit clinically relevant
sex differences in musculoskeletal pain processing.

Several limitations of the current study deserve mention. Our sample size allowed adequate
power to detect moderate to large effect sizes, which, in our opinion, are the sized effects
likely to have the most clinical relevance. We did not have adequate power to detect small
effect sizes. The cross-sectional design of this investigation precludes determination of a
temporal or causal relationship. Future prospective studies will better determine whether
psychological processes and/or abnormal pain processing precede the development of
chronic pain conditions. Also, hormonal status of females was not measured. Previous
research demonstrates that menstrual cycle phase, menopausal status, and use of exogenous
hormones may affect clinical and experimental pain responses (Fillingim et al., 2009),
although the relative impact of these variables remains under debate (Sherman and
LeResche, 2006). Finally, the current study included a homogenous group of subjects with
shoulder pain prior to a surgical procedure and excluded individuals with an existing chronic
pain condition. Specific characteristics of this group preclude generalizability to other
populations with pain.

Despite these limitations, the current study potentially adds to the literature by examining
sex differences in associations between experimental pain, clinical pain and psychological
processes in patients with shoulder pain. There were no sex differences in psychological
association with experimental and clinical pain in this cohort. This investigation reported
that women experienced greater clinical pain and enhanced sensitivity to experimental pain.
Furthermore, the relationship between pressure pain sensitivity and clinical pain was
stronger in women as compared to men. These findings offer insight into the interactions
between biological and psychosocial influences between the sexes and how this might relate
to the experience of ongoing pain.
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Figure 1.
In a series of five heat pulses delivered to the thenar eminence at 47°C (a) women display
significantly greater pain ratings to all heat pulses but showed no difference in degree of
temporal summation. For heat pulses delivered at 49°C (b) women demonstrated
significantly greater temporal summation to the third and fifth heat pulses as compared to
men.
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Table I

Descriptive data (n=59)

Variable Mean or Value % or SD

Sex

Male 35 59.3%

Female 24 40.7%

Age (years)

Male 47.0 14.6

Female 55.2 14.4

No medication 29 49.2%

Pain medication 27 48.2%

Involved arm

Right 21 35.6%

Left 38 64.4%

Clinical pain (0-10) 3.9 2.5

STAI 36.6 11.8

PCS 13.4 9.6

BDI 7.1 5.6

Pain tolerance (°C) 48.0 2.2

Pain threshold (°C) 44.3 2.9

TS (slope 47°C) −1.5 21.0

TS (slope 49°C) 1.8 12.1

PPacromion (kg) 3.4 1.7

PPmasseter (kg) 1.7 0.7
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