
Research Article
Fear of Severe Pain Mediates Sex Differences in Pain Sensitivity
Responses to Thermal Stimuli

Maggie E. Horn, Meryl J. Alappattu, Charles W. Gay, and Mark Bishop

Department of Physical Therapy, University of Florida, P.O. Box 100154, Gainesville, FL 32610, USA

Correspondence should be addressed to Maggie E. Horn; mhorn21@phhp.ufl.edu

Received 28 March 2013; Accepted 15 October 2013; Published 5 January 2014

Academic Editor: Ke Ren

Copyright © 2014 Maggie E. Horn et al.This is an open access article distributed under the Creative CommonsAttribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

The purpose of this paper was to examine the relationship of sex and pain-related fear in pain intensity reports to thermal stimuli
and whether sex differences in reported pain intensity were mediated by pain-related fear. 177 participants, 124 female (23.5 ±
4.5 years old), filled out a demographic and fear of pain questionnaire (FPQ-III). Experimental pain testing was performed using
thermal stimuli applied to the lower extremity. Participants rated the intensity of pain using the numerical pain rating scale (NPRS).
Independent t-tests, Sobel’s test, and linear regression models were performed to examine the relationships between sex, fear of
pain, and pain sensitivity. We found significant sex differences for thermal pain threshold temperatures (𝑡 = 2.04, 𝑃 = 0.04)
and suprathreshold pain ratings for 49∘C (𝑡 = −2.12, 𝑃 = 0.04) and 51∘C (𝑡 = −2.36, 𝑃 = 0.02). FPQ-severe score mediated
the effect of suprathreshold pain ratings of 49∘ (𝑡 = 2.00, 𝑃 = 0.05), 51∘ (𝑡 = 2.07, 𝑃 = 0.04), and pain threshold temperatures
(𝑡 = −2.12, 𝑃 = 0.03). There are differences in the pain sensitivity between sexes, but this difference may be mediated by baseline
psychosocial factors such as fear of pain.

1. Introduction

Pain is a prevalent, debilitating condition that has serious
health and economic consequences. Approximately 116 mil-
lion Americans suffer from chronic pain conditions and
the costs of pain range from $560 billion to $635 billion
annually; this amount is equal to approximately 2,000 dollars
for everyone living in the United States [1]. The prevalence
of pain in primary care settings is estimated at approximately
30%, with nearly two-thirds of those pain reports attributed
to musculoskeletal pain [2].

Evidence suggestsmen andwomen experience and report
pain differently [3–6]. Clinically this is relevant because
research has demonstrated that a greater percentage of
chronic pain sufferers are women [4, 7]. Women also report
more areas of bodily pain [8, 9] and more pain-related
disability compared to men [10]. Given that pain is such
a prevalent and debilitating condition with serious health
and economic consequences, the Institute of Medicine has
stressed the need to improve healthcare delivery of painman-
agement, including individualized treatment approaches [1].

Although an individualized approach to the treatment of pain
is recommended, should healthcare providers tailor their
treatments based on the sex of the patient or are there other
factors that could be important as well?

The etiology of sex differences in pain reports is still
not clear. Evidence suggests that different biological [11–
14] and psychosocial factors [15–17] may account for these
differences. Psychosocial factors influence the perception
and evaluation of pain. One commonly studied psychosocial
factor is pain-related fear. Pain-related fear includes fear of
the sensation of pain, fear of movement or reinjury, and fear
of physical activities which are assumed to cause pain [18].
Pain-related fear is believed to contribute to the shift from
acute low back pain (LBP) to chronic LBP [19] and numerous
studies have demonstrated the association of pain-related fear
with disability in patients with chronic [18, 20, 21] and acute
[22] LBP, hip and knee osteoarthritis [23, 24], and foot and
ankle dysfunction [25]. Camacho-Soto et al. examined the
relationship between fear avoidance and disability in older
adults and found that higher fear avoidance beliefs were
associated with slower gait speeds and higher disability [26].
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The results of these studies provide important information
about how pain-related fear affects pain perception and
functional mobility.

Thus differences in psychosocial factors, such as pain-
related fear, across sexes may contribute to differences in
the pain reports between men and women. Several lines of
research using experimentally induced pain have begun to
disentangle these sex differences. For example, an experimen-
tal pain study using electrical stimuli found the increased
pain experienced by women during a movement task was
accounted for by higher reports of fear among women
compared to men [27]. In addition to pain-related fear,
Robinson et al. [28] have found women to be more willing to
report pain and consider themselves to be more sensitive to
pain compared to males. Conversely, some males believe that
they have higher pain endurance than women and compared
to the typical male. Interestingly, after controlling for these
gender role differences and anxiety, the previous sex differ-
ences in temporal summation, a proxy measure of central
sensitization, were attenuated [29]. These findings indicate
that sex differences in reported pain may be attributed to
underlying differences in psychosocial factors.

This study aimed to investigate the role of pain-related
fear and sex on experimentally induced pain using threshold
and suprathreshold thermal stimuli. To our knowledge, the
influence of pain-related fear as a mediator of sex differ-
ences in reported pain intensity to standardized thermal
temperatures has not been previously reported.Therefore, the
purpose of this paper was to examine sex differences in pain
intensity reports to threshold and suprathreshold thermal
stimuli, the influence of pain-related fear on pain intensity
responses, and whether sex differences in pain intensity
reports were mediated by pain-related fear.

2. Materials and Methods

2.1. Participants. A convenience sample of pain-free partic-
ipants was pooled from three previously reported studies
that tested pain sensitivity and measured pain-related fear
[30–32]. Pooling these studies was appropriate for addressing
our purposes because the studies had the same eligibility
criteria and testing procedures and were all conducted with
similar samples (participants were pain-free at the time of
testing). All data were collected in the same laboratory and
used the same quantitative sensory testing (QST) procedures.
Each study had Institutional Review Board approval and
all participants provided informed consent before being
included in the studies.

Participants provided demographic information and
completed a validated psychosocial questionnaire. Partici-
pants underwent standardized QST for thermal pain sen-
sitivity at the lower extremity. The QST protocol has been
employed in previous studies [30, 31] and is further described
below.

2.2. Questionnaire. The fear of pain questionnaire (FPQ-
III) uses a 30-item, 5-point rating scale to measure fear
about specific situations that would normally produce pain

[33]. The FPQ-III is a commonly used and well-validated
instrument that is appropriate for use in nonclinical and
clinical populations [33–35]. The FPQ-III measures fears
about pain as a trait-like phenomenon, assessing enduring
behavioral patterns across pain situations [33]. The FPQ-III
is a multifactor instrument; it can be used to assess fear in
a specific area or to evaluate generalization of fear across
domains: fear of severe pain, fear of medical pain, and fear
of minor pain [33]. Scoring the FPQ-III subscales involves
summing the 10 items that comprise each subscale. Items for
each subscale are as follows: severe pain = 1, 3, 5, 6, 9, 10, 13,
18, 25, and 27; minor pain = 2, 4, 7, 12, 19, 22, 23, 24, 28, and
30; and medical pain = 8, 11, 14, 15, 16, 17, 20, 21, 26, and 29.
The possible range is 10–50 for each subscale. The total score
is the sum of all 30 items.The possible range is 30–150 for the
total score [33].

2.3. Pain Intensity. Intensity of thermally evoked pain was
rated using a numerical pain rating scale (NPRS) anchored
at one end with 0 “no pain” and at the other end with 100
being “worst imaginable.” Subjects verbally rated their pain
after each thermal pulse.

2.4. Quantitative Sensory Testing (QST). All thermal stimuli
were delivered to the skin of subjects using a computer-
controlledMedoc Neurosensory Analyzer (TSA-2001, Ramat
Yishai, Israel).

Before the testing session, each subject underwent a
practice session. During this practice session subjects expe-
rienced the temperatures to which they were to be exposed.
Subjects practiced using the NPRS to rate the intensity
of the pain experienced in response to each stimulus. In
order to standardize the scaling instructions and to clarify
the distinction between the sensory intensity and affective
dimensions, a standardized instructional set was used for all
subjects during every exposure to the thermal stimuli. The
scale instructionswere repeated for every set of ratings within
each session [36].

2.4.1. HeatThresholds. After the practice session, heat thresh-
old was measured. The temperature began from a baseline of
32∘C. The probe temperature increased at a rate of 0.5∘C/s
until participants responded that the stimulus was painful.
Subjects were then asked to rate that painful sensation using
the NPRS. The heat stimuli were applied to the posterior
surface of the upper calf below the popliteal fossa, with the
subject sitting.

2.4.2. Suprathreshold Pain Ratings. Subjects experienced a
sequence of four thermal pulses that included 45, 47, 49,
and 51∘C presented randomly. Subjects were cued to provide
a verbal pain rating of any pain experienced immediately
after the peak of each thermal pulse. This procedure was
performed twice. The interval between trials was at least
60 seconds to avoid carryover effects from one stimulus to
another, to prevent changes in receptor responses and to
prevent tissue changes. Temperature levels were monitored
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Figure 1: Presumptivemediationmodel. An illustration of proposed
mediation model. a, b, and c are path coefficients. Values in
parentheses are standard errors of those path coefficients. Aroian
version of the “Sobel test” was used to test indirect effects (equation
= z-value = a∗b/SQRT (b2∗sa2 + a2∗sb2 + sa2∗sb2). Key: a = raw
(unstandardized) regression coefficient for the association between
IV and mediator, sa = standard error of a, b = raw coefficient for the
association between the mediator and the DV (when the IV is also a
predictor of the DV); sb = standard error of b.

by a contactor-contained thermistor and returned to a preset
baseline of 35∘C by active cooling at a rate of 10∘C/sec [37, 38].

2.5. Data Analysis. All statistics were analyzed using IBM
SPSS Statistics Data Editor 20. Descriptive statistics were
calculated for demographic variables. Independent samples
𝑡-tests were performed to examine the sex differences in
FPQ-III scores, threshold temperature, and pain ratings for
threshold and suprathreshold pain thermal stimuli. Correla-
tion analyses were performed for FPQ-III questionnaire and
pain intensity at threshold and suprathreshold temperatures.

To address whether pain-related fear accounted for sex
differences in pain sensitivity measures, we employed clas-
sic mediation analyses in accordance with the methods
described by Baron and Kenny (1986) [39] and refined
by Preacher and Hayes (2004) [40] using the PROCESS
macro for SPSS provided by Hayes [41]. Significance of all
indirect effects was assessed with Sobel’s statistical test. In
our mediation model, sex was the independent variable,
pain sensitivity measures were the dependent variable, and
fear of pain was the mediator (Figure 1). Prerequisite criteria
were established prior to testing for mediation. The three
criteria were (1) the mediator needed to be correlated with
the independent variable, (2) the outcome variable needed
to be correlated with the independent variable, and (3) the
mediator needed to be correlated with the outcome.

Separate linear regression analyses were performed to
examine the role of sex and fear of pain on experimental
pain. Suprathreshold pain ratings at 49∘C and 51∘C, threshold
temperature, and pain ratings at threshold temperature were
dependent variables in separate models. Sex, FPQ-Severe,
and age were entered as predictors in each of the models.

3. Results

177 participants were included in this analysis. 124 of the
participants were female and themean age of the participants
was 23.5 ± 4.5 years old. Participant’s FPQ scores are
presented as a total score and the subcategories of FPQ-Severe
pain, FPQ-minor pain, and FPQ-medical pain.Therewere no
significant differences between sexes for total FPQ-III score
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Figure 2: Fear of pain questionnaire domains by sex.
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Figure 3: Numerical pain rating in response to thermal stimuli by
sex.

(𝑡 = −1.71, 𝑃 = 0.08), FPQ-minor pain score (𝑡 = −0.18, 𝑃 =
0.85), or FPQ-medical pain score (𝑡 = −1.87, 𝑃 = 0.06), but
there was a significant difference between sexes on FPQ-
severe pain scores (𝑡 = −2.29, 𝑃 = 0.02), with females report-
ing higher fear of severe pain than males (see Figure 2).

We found significant sex differences for thermal pain
thresholds temperatures (𝑡 = 2.04, 𝑃 = 0.04) and suprath-
reshold pain ratings for 49∘C (𝑡 = −2.12, 𝑃 = 0.04) and 51∘C
(𝑡 = −2.36, 𝑃 = 0.02). Females demonstrated lower threshold
to thermal stimuli and reported higher pain ratings than
males, indicating greater pain sensitivity. However we did not
find significant sex differences for pain intensity ratings at
45∘C (𝑡 = −1.43, 𝑃 = 0.15), 47∘C (𝑡 = −1.74, 𝑃 = 0.08), or
rating of threshold pain (𝑡 = −1.90, 𝑃 = 0.06) (see Figure 3).

Correlation analyses revealed that female sex was highly
correlated with pain ratings at 49∘C (𝑟 = 0.16, 𝑃 ≤ 0.05)
and 51∘C (𝑟 = 0.18, 𝑃 ≤ 0.05) and FPQ-severe score
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Table 1: Correlation table of pain ratings to thermal responses with sex and FPQ scores.

45∘C 47∘C 49∘C 51∘C FPQ-score FPQ-severe FPQ-minor FPQ-medical
Sex-female 0.11 0.13 0.16∗ 0.18∗ 0.13 0.17∗ 0.01 0.14
FPQ-score 0.17∗ 0.19∗ 0.24∗∗ 0.25∗∗ 1 0.91∗∗ 0.87∗∗ 0.90∗∗

FPQ-severe 0.19∗ 0.25∗∗ 0.28∗∗ 0.30∗∗ 0.91∗∗ 1 0.69∗∗ 0.72∗∗

FPQ-minor 0.12 0.15 0.18∗ 0.19∗ 0.87∗∗ 0.69∗∗ 1 0.70∗∗

FPQ-medical 0.15 0.11 0.15∗ 0.17∗ 0.90∗∗ 0.72∗∗ 0.70∗∗ 1
∗∗Correlation is significant at the 0.01 level (2-tailed).
∗Correlation is significant at the 0.05 level (2-tailed).

Fear of severe pain
(FPQ-severe)

Sex

a = 3.1(1.3)∗

Total effect c = 8.6(4.0)∗

Direct effect c = 6.2(4.0)
Change in effects 𝛽 = 2.4∗ (Sobel’s test)

NPR at 49∘

b = 0.8(0.2)∗∗

(a)

Fear of severe pain
(FPQ-severe)

Sex

b = 0.9(0.2)∗∗a = 3.1(1.3)∗

Total effect c = 9.7(4.1)∗

Direct effect c = 7.0(4.0)

NPR at 51∘

Change in effects = 2.7∗ (Sobel’s test)

(b)

Fear of severe pain
(FPQ-severe)

Sex Threshold 
Temperature

∗P < .05

∗∗P < .01

Change in effects = 0.2∗ (Sobel’s test)
Direct effect

a = 3.1(1.3)∗ b = −0.1(0.02)∗∗

Total effect c = −0.8(0.4)∗

c = −0.6(0.4)

(c)

Figure 4: (a)–(c) Results of mediation analyses.

(𝑟= 0.17, 𝑃 ≤ 0.05).These correlations indicate higher ratings
of thermal stimuli experienced at both 49∘C and 51∘C and
reported fear of pain is correlated with sex. When the
correlations of reported fear of pain and pain ratings to
thermal stimuli were examined, total FPQ-score and FPQ-
severe were correlated with all thermal stimuli pain ratings,
with magnitude of the correlation increasing with increasing
temperature ratings. FPQ-minor and FPQ-medical were only
correlated with suprathreshold ratings at thermal stimuli
49∘C and 51∘C (see Table 1).

Mediation analyses were carried out for the three pain
sensitivity measures demonstrating significant sex differ-
ences, which were suprathreshold pain intensity ratings
of 49∘ and 51∘ and thermal pain threshold temperatures.
Prerequisite criteria for mediation were established for fear
of severe pain (FPQ-severe). We found that FPQ-fear of
severe pain mediated the effect of sex for all three pain
sensitivity measures; suprathreshold ratings of 49∘ (Sobel’s
𝑡 = 2.00, SE = 1.24, and 𝑃 = 0.05), suprathreshold ratings
of 51∘ (Sobel’s 𝑡 = 2.07, SE = 1.35, and 𝑃 = 0.04), and
thermal pain threshold temperatures (Sobel’s 𝑡 = −2.12, SE =
0.15, and 𝑃 = 0.03) (see Figures 4(a)–4(c)).

Separate linear regression analyses were performed to
explain the variance related to thermal pain ratings and
thresholds. These analyses revealed that models containing

age, sex, and FPQ-severe score accounted for between 4.5 and
12% of the variance in pain ratings at 45, 47, 49, and 51∘C.
There was a linear relationship between the magnitude of the
effect of the models and temperature of thermal stimulus,
where magnitude increased with increasing temperature of
the thermal stimulus (45∘C (𝐹

3, 171
= 2.65, 𝑃 = 0.51), 47∘C

(𝐹
3, 171
= 5.18, 𝑃 = 0.002), 49∘C (𝐹

3, 170
= 6.20, 𝑃 = 0.001),

and 51∘C (𝐹
3, 172
= 7.673, 𝑃 < 0.001)). The magnitude of the

effect of the models for threshold temperate (𝐹
3, 172
= 4.42,

𝑃 = 0.005) and pain rating at threshold temperature (𝐹
3, 172
=

4.99, 𝑃 = 0.002) were similar (see Table 2).
When specifically examining the effect of sex on depen-

dent variables, sex was not a unique predictor for pain ratings
at 45, 47, 49∘C, or threshold temperature but was for pain
ratings at 51∘C (𝑡 = 1.96, 𝑃 = 0.05) and pain rating at thresh-
old temperature (𝑡 = 2.27, 𝑃 = 0.03). Sex only accounted
for a small amount of variance in these models, 3.2% of the
variance in pain rating at 51∘C and 2.4% of the variance in
threshold temperature pain rating.

FPQ-severe score was a unique predictor in pain ratings
at 45∘C (𝑡 = 2.35, 𝑃 = 0.02), 47∘C (𝑡 = 3.24, 𝑃 = 0.001),
49∘C (𝑡 = 3.62, 𝑃 < 0.001), 51∘C (𝑡 = 3.96, 𝑃 ≤ 0.001), and
threshold temperature (𝑡 = −2.59, 𝑃 = 0.01) but not pain
rating at threshold temperature (𝑡 = −1.05, 𝑃 = 0.30). FPQ-
Severe accounted for between 3 and 7.6% of variance in each
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Table 2: Models for predicting pain ratings at suprathreshold temperatures.

Variables in the model Beta 𝑡-value 𝑃-value 𝑅
2 Total variance explained by the model (%)

Model 1: pain rating at 45∘C
Sex 0.09 1.15 0.25 0.010

4.5%FPQ-severe 0.18 2.35 0.02 0.030
Age 0.06 0.80 0.43 0.003

Model 2: pain rating at 47∘C
Sex 0.011 1.48 0.14 0.018

8.5%FPQ-severe 0.24 3.24 0.001 0.052
Age 0.13 1.66 0.09 0.015

Model 3: pain rating at 49∘C
Sex 0.13 1.72 0.09 0.026

10%FPQ-severe 0.27 3.62 <0.001 0.067
Age 0.89 1.19 0.24 0.007

Model 4: pain rating at 51∘C
Sex 0.15 1.96 0.05 0.032

12%FPQ-severe 0.29 3.96 <0.001 0.076
Age 0.11 1.52 0.13 0.012

Model 5: threshold pain rating
Sex 0.17 2.27 0.03 0.021

8.1%FPQ-severe 0.08 1.05 0.30 0.003
Age 0.25 3.26 0.001 0.057

Model 6: threshold temperature
Sex −0.10 −1.36 0.17 0.024

7.3%FPQ-severe −0.20 −2.59 0.01 0.041
Age −0.09 1.20 0.22 0.008

of these models. Age was included in models on a theoretical
premise andwas not found to be a significant predictor in any
model except pain rating at threshold (𝑡 = 3.26, 𝑃 < 0.001).

4. Discussion

The purpose of this study was to investigate sex differences
in thermal pain sensitivity measures and the extent to which
pain-related fear accounted for these differences. This study
adds to the current body of literature as we investigated
suprathreshold pain ratings at four standard thermal temper-
atures and supports that sex differences in pain sensitivity
may be accounted for by other factors such as fear of pain.
We found that females reported higher fear of severe pain
thanmales and that this difference mediated the difference in
pain sensitivity where we found sex differences. Past research
examining sex and FPQ scores found similar results where
females had significantly higher mean scores than males on
the FPQ-severe pain scores [35].

In addition to these findings, females reported statistically
significant lower heat thresholds with similar pain intensity
ratings at the threshold compared to males. Another interest-
ing observation was that there were no significant differences
at the two lower temperatures used in our study. This finding
could be interpreted as sex differences are magnified as the
intensity of perceived pain increases. This finding may be
relevant as the only difference in fear of pain we found in this
study was in the severe pain subscale of the FPQ-III.

When controlling for FPQ-severe score and age, sex was
only significant in predicting pain ratings at the highest
temperature (51∘C) and threshold pain rating and sex only
accounted for a small amount of variance in these models.
These findings indicate that although sex plays a role in
suprathreshold and threshold pain ratings, the magnitude is

rather small after controlling psychosocial factors. Our data
suggest that although sex is not a significant predictor in
most models, fear of severe pain is a significant predictor.
A greater proportion of variance in all models except pain
rating at threshold was explained by FPQ-severe score than
by sex. Thus, this finding supports our hypothesis that when
painful stimuli are more intense (e.g., highest suprathreshold
temperatures), fear and fear of severe pain specifically may
play a larger role in pain rating than sex.

This paper highlights the role of fear of pain and sex on
pain sensitivity. Although a limitation of this paper is that
the findings are in a nonclinical population, the principles
can be applicable in conjunction with current knowledge
to clinical populations of persons with pain conditions. We
know that women and men differ in how they process pain
in the experimental setting [42, 43] as well as in the clinical
setting [44], but there is still a lack of consistent evidence
on the contributions of psychosocial variables, including
fear of pain, in the pain experience [45–49]. Past research
has found that experimental pain responses were related to
clinical pain [8] and treatment outcomes [17].Thus physicians
interested in tailoring pain treatmentsmay be better served by
assessing intermediate psychosocial factors that influence an
individual’s pain perception rather than the sex of the patient
alone.

5. Conclusion

In summary we found that there are differences in the
pain sensitivity between sexes, but this difference may be
mediated by baseline psychosocial factors such as fear of pain.
Specifically, the fear of severe pain may mediate the effect
that sex has on pain intensity ratings in response to thermal
stimuli.



6 Pain Research and Treatment

Conflict of Interests

The authors have no conflict of interests to report.

Acknowledgments

These data were collected with support of funding from
National Institutes of Health (K01AR054331, T32HD043730,
and R01AT006334) and The Foundation for Physical Ther-
apy.

References

[1] Institute of Medicine (US) Committee on Advancing Pain
Research, C., and Education, Relieving Pain in America: A
Blueprint for TransForming Prevention, Care, Education, and
Research, 2011.

[2] J. Hasselstrom, J. Liu-Palmgren, and G. Rasjo-Wraak, “Preva-
lence of pain in general practice,” European Journal of Pain, vol.
6, no. 5, pp. 375–385, 2002.

[3] R. B. Fillingim and W. Maixner, “Gender differences in the
responses to noxious stimuli,” Pain Forum, vol. 4, no. 4, pp. 209–
221, 1995.

[4] K. J. Berkley, “Sex differences in pain,” Behavioral and Brain
Sciences, vol. 20, no. 3, pp. 371–380, 1997.

[5] J. L. Riley III, M. E. Robinson, E. A. Wise, C. D. Myers, and
R. B. Fillingim, “Sex differences in the perception of noxious
experimental stimuli: a meta-analysis,” Pain, vol. 74, no. 2-3, pp.
181–187, 1998.

[6] M. Racine, Y. Tousignant-Laflamme, L. A. Kloda, D. Dion,
G. Dupuis, and M. Choinire, “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, vol. 153, no. 3, pp. 602–618, 2012.

[7] L. Chang and M. M. Heitkemper, “Gender differences in
irritable bowel syndrome,” Gastroenterology, vol. 123, no. 5, pp.
1686–1701, 2002.

[8] R. B. Fillingim, R. R. Edwards, and T. Powell, “The relationship
of sex and clinical pain to experimental pain responses,” Pain,
vol. 83, no. 3, pp. 419–425, 1999.

[9] R. R. Edwards, J. A. Haythornthwaite, M. J. Sullivan, and R.
B. Fillingim, “Catastrophizing as a mediator of sex differences
in pain: differential effects for daily pain versus laboratory-
induced pain,” Pain, vol. 111, no. 3, pp. 335–341, 2004.

[10] D. Stubbs, E. Krebs, M. Bair et al., “Sex differences in pain
and pain-related disability among primary care patients with
chronic musculoskeletal pain,” Pain Medicine, vol. 11, no. 2, pp.
232–239, 2010.

[11] R. B. Fillingim, W. Maixner, S. S. Girdler et al., “Ischemic but
not thermal pain sensitivity varies across the menstrual cycle,”
Psychosomatic Medicine, vol. 59, no. 5, pp. 512–520, 1997.

[12] J. L. Riley III, M. E. Robinson, E. A.Wise, andD. Price, “Ameta-
analytic review of pain perception across the menstrual cycle,”
Pain, vol. 81, no. 3, pp. 225–235, 1999.

[13] M. Teepker, M. Peters, H. Vedder, K. Schepelmann, and S.
Lautenbacher, “Menstrual variation in experimental pain: cor-
relation with gonadal hormones,” Neuropsychobiology, vol. 61,
no. 3, pp. 131–140, 2010.

[14] E. A.Wise, J. L. Riley III, andM. E. Robinson, “Clinical pain per-
ception and hormone replacement therapy in postmenopausal

women experiencing orofacial pain,” Clinical Journal of Pain,
vol. 16, no. 2, pp. 121–126, 2000.

[15] E. A. Wise, D. D. Price, C. D. Myers, M. W. Heft, and M. E.
Robinson, “Gender role expectations of pain: relationship to
experimental pain perception,” Pain, vol. 96, no. 3, pp. 335–342,
2002.

[16] M. P. Jensen, J. A. Turner, and J.M.Romano, “Changes in beliefs,
catastrophizing, and coping are associated with improvement
in multidisciplinary pain treatment,” Journal of Consulting and
Clinical Psychology, vol. 69, no. 4, pp. 655–662, 2001.

[17] R. R. Edwards, D. M. Doleys, D. Lowery, and R. B. Fillingim,
“Pain tolerance as a predictor of outcome following multidis-
ciplinary treatment for chronic pain: differential effects as a
function of sex,” Pain, vol. 106, no. 3, pp. 419–426, 2003.

[18] J. W. S. Vlaeyen, A. M. J. Kole-Snijders, R. G. B. Boeren, and
H. Van Eek, “Fear of movement/(re)injury in chronic low back
pain and its relation to behavioral performance,” Pain, vol. 62,
no. 3, pp. 363–372, 1995.

[19] J. W. S. Vlaeyen and S. J. Linton, “Fear-avoidance and its
consequences in chronic musculoskeletal pain: a state of the
art,” Pain, vol. 85, no. 3, pp. 317–332, 2000.

[20] G. Crombez, J. W. S. Vlaeyen, P. H. T. G. Heuts, and R. Lysens,
“Pain-related fear is more disabling than pain itself: evidence
on the role of pain-related fear in chronic back pain disability,”
Pain, vol. 80, no. 1-2, pp. 329–339, 1999.

[21] G. J. G. Asmundson, P. J. Norton, and G. R. Norton, “Beyond
pain: the role of fear and avoidance in chronicity,” Clinical
Psychology Review, vol. 19, no. 1, pp. 97–119, 1999.

[22] I. E. J. Swinkels-Meewisse, J. Roelofs, A. L. M. Verbeek, R. A.
B. Oostendorp, and J. W. S. Vlaeyen, “Fear of movement/(re)in-
jury, disability and participation in acute low back pain,” Pain,
vol. 105, no. 1-2, pp. 371–379, 2003.

[23] T. J. Somers, F. J. Keefe, J. J. Pells et al., “Pain catastrophizing and
pain-related fear in osteoarthritis patients: relationships to pain
and disability,” Journal of Pain and Symptom Management, vol.
37, no. 5, pp. 863–872, 2009.

[24] P. H. T. G. Heuts, J. W. S. Vlaeyen, J. Roelofs et al., “Pain-related
fear and daily functioning in patients with osteoarthritis,” Pain,
vol. 110, no. 1-2, pp. 228–235, 2004.

[25] T. A. Lentz, Z. Sutton, S. Greenberg, and M. D. Bishop, “Pain-
related fear contributes to self-reported disability in patients
with foot and ankle pathology,” Archives of Physical Medicine
and Rehabilitation, vol. 91, no. 4, pp. 557–561, 2010.

[26] A.Camacho-Soto,G.A. Sowa, S. Perera, andD.K.Weiner, “Fear
avoidance beliefs predict disability in older adults with chronic
low back pain,” PM&R, vol. 4, no. 7, pp. 493–497, 2012.

[27] A. Meulders, D. Vansteenwegen, and J. W. S. Vlaeyen, “Women,
but not men, report increasingly more pain during repeated
(un)predictable painful electrocutaneous stimulation: evidence
formediation by fear of pain,”Pain, vol. 153, no. 5, pp. 1030–1041,
2012.

[28] M. E. Robinson, J. L. Riley III, C. D. Myers et al., “Gender role
expectations of pain: relationship to sex differences in pain,”
Journal of Pain, vol. 2, no. 5, pp. 251–257, 2001.

[29] M. E. Robinson, E. A. Wise, C. Gagnon, R. B. Fillingim, and
D. D. Price, “Influences of gender role and anxiety on sex
differences in temporal summation of pain,” Journal of Pain, vol.
5, no. 2, pp. 77–82, 2004.

[30] M. D. Bishop, M. E. Horn, S. Z. George, and M. E. Robinson,
“Self-reported pain and disability outcomes from an endoge-
nous model of muscular back pain,” BMC Musculoskeletal
Disorders, vol. 12, article 35, 2011.



Pain Research and Treatment 7

[31] M. D. Bishop, J. G. Craggs, M. E. Horn, S. Z. George, and M.
E. Robinson, “Relationship of intersession variation in negative
pain-related affect and responses to thermally-evoked pain,”
Journal of Pain, vol. 11, no. 2, pp. 172–178, 2010.

[32] M. Bishop, M. Horn, C. Gay, and S. George, “Comparison
of hypoalgesic responses to manual therapy interventions in
healthy volunteers,” Journal of Orthopaedic & Sports Physical
Therapy, vol. 42, no. 1, pp. A20–A21, 2012.

[33] D. W. McNeil and A. J. Rainwater III, “Development of the fear
of pain questionnaire—III,” Journal of Behavioral Medicine, vol.
21, no. 4, pp. 389–410, 1998.
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