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Abstract

Objective—Little is known regarding whether exercise-induced hypoalgesia (EIH) produced by

isometric exercise is influenced by psychological factors or systematically varies across multiple

experimental psychophysical pain tests. Thus, this study sought to determine the influence of

experimental pain test, psychological factors, and sex on the hypoalgesic response of submaximal

isometric exercise.

Methods—Healthy young males (n=12) and females (n=15) completed one training and two

testing sessions consisting of quiet rest (control condition) or a 3-minute isometric handgrip

performed at 25% of maximum voluntary contraction. Pain testing was conducted on both

forearms prior to and following exercise and quiet rest. The pain tests included: pressure pain

thresholds (PPT), suprathreshold pressure pain test, static prolonged heat test, and temporal

summation of heat pain. Participants completed the Pain Catastrophizing Scale during the training

session and the State-Trait Anxiety Inventory –State version prior to each session. The data were

analyzed with mixed model ANOVAs, partial pearson correlations, and hierarchical regression

analyses.

Results—Isometric exercise increased PPTs for men and women, reduced pain perception during

static prolonged heat stimuli for women, and reduced temporal summation of pain for men and

women. Greater pain catastrophizing was associated with smaller reductions in temporal

summation following isometric exercise.

Conclusions—These findings demonstrate that the hypoalgesic response to submaximal

isometric exercise is partially a function of sex and experimental pain test. Furthermore, the

relationship between EIH and pain catastrophizing was psychophysical pain test specific, with

greater pain catastrophizing predicting diminished EIH only during the temporal summation of

pain trials.

Keywords

exercise-induce hypoalgesia; exercise analgesia; pressure pain; thermal pain; temporal summation

Corresponding Author: Kelly M. Naugle, College of Dentistry, University of Florida, 1329 SW 16th Street, Rm 5180, Gainesville,
FL 32608, Phone: 352-273-5975, Fax: 352-273-5985, knaugle@dental.ufl.edu.

Conflict of Interest: There are not actual or potential conflicts of interest for any of the authors.

NIH Public Access
Author Manuscript
Pain Med. Author manuscript; available in PMC 2015 April 01.

Published in final edited form as:
Pain Med. 2014 April ; 15(4): 692–701. doi:10.1111/pme.12312.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Introduction

Short duration submaximal and maximal isometric exercises produce a pain-inhibitory

response in healthy adults [1–4]. Substantial evidence has shown the hypoalgesic effect of

isometric exercise using pressure pain stimuli [See 5 for a review], while less is known

about the effect of isometric exercise on responses to heat pain stimuli. Most recently,

Koltyn et al. showed that submaximal isometric exercise reduces temporal summation of

heat pain in men and women [6]. Additionally, Staud and colleagues demonstrated that

submaximal isometric exercise decreases pain intensity ratings of brief heat stimuli only in

healthy women [7]. The effect of isometric exercise on sustained heat stimuli remains

unknown. Importantly, the use of psychophysical pain tests with sustained stimulation has

been gaining interest, as such stimulation patterns are thought to more closely emulate

natural/clinical pain [8,9]. Furthermore, several studies have indicated that experimental

pain measures correlate only moderately across stimulus modalities and tests [10,11],

demonstrating the importance of multimodal pain assessment; a practice that has been rare

in isometric exercise-induced hypoalgesia (EIH) research.

Even though accumulating evidence indicates that psychological factors, such as pain

catastrophizing and anxiety, play a significant role in shaping pain experiences [12,13], little

is known about their influence on EIH. Pain catastrophizing is characterized by a set of

maladaptive emotional/cognitive processes that involve perceptions of helpless, rumination,

and magnification of painful sensations. In particular, several studies in the last decade have

shown that pain catastrophizing is disruptive of endogenous pain inhibitory systems using

conditioned pain modulation (CPM) [14] and counter irritation paradigms [15]. Moreover,

some data suggests that catastrophizing may specifically interfere with opioid-related pain

inhibitory circuits [13]. Interestingly, no research has investigated the impact of pain

catastrophizing on EIH; a pain inhibitory model hypothesized to be regulated by activation

of endogenous opioid systems [16].

The present study explored the influence of several variables on the hypoalgesic response to

isometric exercise, including pain induction technique, psychological factors (i.e., anxiety,

pain catastrophizing), and sex. Modality and duration of painful stimuli are important factors

that often influence the outcomes of experimental pain testing. Indeed, responses to pressure

pain, heat pain, and temporal summation of pain likely represent distinct dimensions of pain

perception that may be under the influence of different mechanisms [10]. Therefore, the first

purpose of the study was to gain a better understanding of the hypoalgesic effect of

isometric exercise on multiple experimental pain tests, including threshold and

suprathreshold pressure pain, sustained heat pain, and temporal summation of heat pain. The

second purpose was to examine the relationship between psychological variables and EIH

with each pain induction technique. Finally, because prior work has shown that sex

differences exist in EIH [17], we examined the effect of isometric exercise on pain

sensitivity in both men and women. We hypothesized that submaximal isometric exercise

would reduce pain sensitivity, regardless of pain induction technique. Furthermore, we

hypothesized that higher pain catastrophizing and state anxiety would be associated with

reduced EIH.
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METHODS

Participants

Participants included twenty-seven (12 men; average BMI=23±2.8) healthy young adults.

Participants were recruited through posted advertisements in the local community. Exclusion

criteria included: 1) inability to reliably rate pain intensity, 2) current use of narcotics or

tobacco products, 3) uncontrolled hypertension, 4) neurological disease with significant

changes in somatosensory and pain perception at intended stimulation sites, 5) the known

presence of or any signs or symptoms of cardiovascular disease, pulmonary disease, or

metabolic disease, 6) serious psychiatric conditions (e.g., schizophrenia and bipolar

disorder), and 7) not physically ready to exercise without a medical exam as indicated by the

Physical Activity Readiness Questionnaire (PAR-Q) [18]. Session exclusion criteria

included active infectious disease or febrile condition (e.g., sinusitis, influenza) and severe

uncontrolled hypertension. Additionally, participants were instructed to refrain from use of

caffeinated beverages or any pain medications on days of experimental sessions.

Procedures

The University’s Institutional Review Board (IRB) approved all procedures and participants

signed an IRB-approved informed consent form. Participants completed a screening/training

session followed by two randomized experimental sessions. All sessions were conducted at

approximately the same time of day (± 2 hours) and separated by a minimum of 48 hours

(i.e., average number of days between sessions was 4.76 days ± 1.69). All sessions began

with two stable blood-pressure readings separated by 5 minutes.

Screening and training session—To determine eligibility, participants completed the

PAR-Q, a health history questionnaire, supplemented by clarification by interview, height

and weight measurement, and blood pressure measurement. Eligible participants completed

a training session designed to familiarize them with the pain tests to be conducted during the

experimental sessions and to determine the individualized temperatures of the thermal

stimuli for the heat pain testing protocols such that participants would experience moderate

pain during the experimental sessions. For this purpose, trains of increasing heat stimuli

were applied to the forearm until participants experienced a moderate level of pain (40–60

on a 0–100 visual analogue scale). Participants also completed a packet of questionnaires

which included the Pain Catastrophizing Scale (PCS) [19].

During the training session, maximal voluntary contraction (MVC) of hand flexor muscles

was also determined. Participants placed their dominant arm on a table surface with the

elbow at a 90° angle. Participants were asked to squeeze the dynamometer as hard as

possible for 5 seconds. This procedure was repeated three times with a one-minute rest

between trials. The maximum of the three MVC’s was used to calculate the percent of MVC

used for the isometric hand grip exercise.

Experimental sessions—Participants completed two randomized and counterbalanced

experimental sessions consisting of either submaximal isometric exercise or quiet rest. At

the beginning of each session, participants completed the state version of the State-Trait
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Anxiety Inventory [20]. Then participants were fitted with a Polar Heart Rate monitor (FT7)

(Polar Electro, Lake Success, NY), which monitored and collected heart rate (HR) at rest

(sitting) and during exercise. During each session, four different pain tests were

administered on each forearm followed by 22 minutes of quiet rest and then either isometric

exercise or an additional 3 minutes of rest. Blood pressure was immediately taken upon

completion of exercise or rest followed by the administration of the same 4 pain tests in the

same order as the pre-exercise pain tests. A timeline of the experimental sessions is shown

in Figure 1.

Submaximal isometric exercise session (isometric)—This session tested for

changes in pain sensitivity following a 3-minute trial of submaximal isometric handgrip

exercise at 25% of MVC. We chose a duration of 3 minutes for the handgrip task because

prior research has shown handgrips of this duration to produce the largest EIH effects (as

opposed to 1 and 5 minute handgrips) [25]. Twenty-two minutes separated the pre-exercise

pain assessments and the initiation of the isometric contraction, during which subjects sat

quietly. This period of rest was included to prevent within-session adaptation, as prior work

has shown complete recovery of primary afferent responsiveness after 10 minutes of no

stimulation [21]. The isometric hand grip exercise was performed with the dominant arm

resting on the table surface with the elbow at a 90° angle. Participants were able to see the

dynamometer read-out and adjust their effort as necessary to maintain a level of force

production at 25% of their MVC. Ratings of perceived exertion (RPE) using Borg’s 6–20

RPE scale [22] and HR were assessed every 20 s during the isometric exercise trial.

Quiet Rest session (control condition)—This session tested for changes in pain

sensitivity following 25 minutes of quiet rest. Heart rate was recorded every five minutes.

Psychophysical Pain Testing

The pre- and post-pain testing included the administration of 4 different pain tests to each

forearm including: 1) pressure pain thresholds, 2) ratings of suprathreshold pressure pain

stimuli, 3) prolonged heat pain stimuli, and 4) temporal summation (TS) of heat pain. The

order of the pain tests was conducted as follows: 1) a pressure pain test administered to both

forearms, 2) a prolonged or TS heat pain test administered to one forearm, 3) a prolonged or

TS heat pain test administered to the other forearm, 4) a pressure pain test administered to

both forearms 5) a prolonged or TS heat pain test administered to one forearm, 6) a

prolonged or TS heat pain test administered to the other forearm. The site of pain testing

alternated between the exercised and inactive forearms, so that one arm was never tested

consecutively. Additionally, the order of the pressure pain tests (threshold v. suprathreshold

test), heat pain tests (prolonged heat v. TS), and bodily site (exercised v. inactive arm) was

counterbalanced among participants. Participants maintained the same pain testing order for

the pre- and post-tests for every session.

Pressure Pain Thresholds (PPT)—Pressure pain threshold was assessed with a

handheld algometer that had a rubber, flat 1.0 cm2 probe (Jtech, Heber City, Utah). Pressure

stimuli were delivered to the right and left ventral forearm approximately 8 cm distal to the

elbow at an approximate rate of 0.5 kg/s. Participants responded verbally when the pressure
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sensation first became painful, at which point the algometer was removed. The amount of

pressure applied to the forearm did not exceed 5 kg. Pressure pain threshold was defined as

the amount of pressure in kilograms at which the participant first reported experiencing pain.

Ratings of Suprathreshold Pressure Stimuli—Suprathreshold pressure stimuli were

also delivered to the right and left ventral forearm with the same handheld algometer used

for PPTs (Jtech, Heber City, Utah). Pressure pain threshold and suprathreshold assessments

were always separated by a minimum of 1 cm on the forearm and the same sites were used

for pre and post assessments. Pressure stimuli were delivered at an approximate rate of 0.5

kg/s, until 5 kg was applied. This level of pressure was chosen to assess pain perception

without producing excessive discomfort. Immediately after each trial, participants rated the

intensity of the stimulus on a 0 to 100 visual analogue scale (VAS), with “0” indicating “no

pain” and “100” indicating “intolerable pain”.

Prolonged Heat Pain—Contact heat stimuli were delivered by a computer controlled

Peltier-based thermode (30 mm × 30 mm; TSA-2001, Ramat Yishai, Israel) to the right and

left ventral forearms. For each 30-second prolonged heat pain trial, the thermode was first

brought to a neutral temperature (33°C) and then ramped (1.5°C/s) to the individualized

temperature (44–49°C) determined during the training session and maintained at that

temperature for 30 s. The thermode position was altered slightly between each heat trial (i.e.,

prolonged and TS heat pain trials). The intensity of the pain produced by the contact

thermode was rated every 5 s on a 0 to 100 VAS.

Temporal Summation of Heat Pain—Brief repetitive suprathreshold heat pulses were

delivered to the right and left ventral forearms. Each trial consisted of a series of 10 heat

pulses, with each pulse delivered at a rate of 10°C/s. The peak to peak inter-pulse interval

was approximately 2.5 seconds. The baseline temperature was 38°C and the target

temperature was the individualized temperature determined during the training session

(45°C – 51.5°C). Participants were instructed to rate the intensity of the late pain sensations

experienced after each pulse (i.e., pain felt between the pulses not during each pulse, termed

second pain) with a 0–100 scale. This pain test permitted the assessment of the effect of

exercise on the temporal summation (TS) of C-fiber mediated heat pain (i.e., late heat pain

sensations, often termed “second pain”). Temporal summation was calculated by subtracting

the pain rating following the first pulse from the highest inter-pulse pain rating. This score

captures the maximum amount of temporal summation across the 10 pulses.

Psychological Questionnaires

Pain Catastrophizing—The Pain Catastrophizing Scale [PCS: 19] consists of 13 items

rated on a 5-point likert scale and assesses the trait-like psychological construct of an

individual’s tendency to engage in pain-related catastrophizing. Specifically, this

questionnaire asks the respondents to reflect upon past painful experiences and to rate the

degree to which they experienced negative thoughts or feelings about pain. The PCS

measures three dimensions of catastrophizing including rumination, helplessness, and

magnification. The total score is calculated by summing item responses and represents an
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individual’s propensity to engage in pain-related catastrophizing. Higher scores indicate

greater pain catastrophizing.

State-Trait Anxiety Inventory (STAI) – State Version—State anxiety levels at the

beginning of each session were measured with the STAI-S. The STAI has extensive

normative data and is a frequently used measure of anxiety in pain studies [20]. The STAI

consists of 20 items which evaluate how respondents feel “right now” at this moment.

Higher scores indicate greater state anxiety.

Data Analysis

Descriptive statistics were calculated for PCS, STAI, thermode test temperatures for the TS

and prolonged heat pain tests, target force production (kg) during the isometric handgrip,

and HR and RPE for each session. Independent t-tests determined whether differences

existed between men and women on the PCS, thermode test temperatures, and target force

production. Heart rate and RPE during the isometric session were analyzed with 2-way

ANOVAs with sex as the between subjects factor and time (every 20s of the 180s handgrip)

as the within subject factor. STAI was analyzed with a 2(sex) × 2(session) ANOVA.

During the threshold pressure pain test, two participants did not report experiencing pain

after the upper limit of pressure for the test was reached; therefore their data were not

included in the PPT analyses. The data for PPT and ratings of suprathreshold pressure pain

were analyzed with 2(sex) × 2(forearm: exercised, inactive) × 2(session: Isometric, Control)

× 2(trial: pre, post exercise) mixed model ANOVAs with repeated measures on the last three

factors. Temporal summation was analyzed with a 2(sex) × 2(forearm) × 2(session) ×

2(trial) mixed model ANCOVA with repeated measures on the last three factors and

thermode temperature as a covariate. Data for the prolonged heat pain test were analyzed

with a 2(sex) × 2(forearm: exercised, inactive) × 2(session: Isometric, Control) × 2(trial: pre,

post exercise) × 6(time: 5s, 10s, 15s, 20s, 25s, 30s) mixed model ANCOVA with repeated

measures on the last three factors and thermode temperature as a covariate. If the sphericity

assumption was violated, then Greenhouse-Geisser degrees of freedom corrections were

applied to obtain the critical p-value. Post-hoc comparisons were made with Tukey’s HSD

procedure. The effect size (ES) for each pain test was calculated using Cohen’s d, defined as

the mean for the pretest minus the mean for the posttest, divided by the pooled within group

standard deviation (d=[Xpretest – Xposttest]/pooled standard deviation). Effect sizes were

calculated so that reductions in pain sensitivity resulted in positive effect sizes. The effect

sizes were adjusted for the within subjects design as recommended by Morris and DeShon

[23]. Following the recommendations of Cohen [24], d=0.20 is considered a small effect,

d=0.50 is considered a medium effect, and d=0.80 is considered a large effect.

Partial Pearson correlation tests were performed to examine the relationships between the

pain test change scores, PCS, and state anxiety, while controlling for sex. Change scores

were created for each pain test, whereby pretest values were subtracted from the posttest

values. For the prolonged heat pain test, change scores were calculated from the average

pain rating for each trial. Furthermore, change scores were averaged across forearms.

Hierarchical linear regression analysis was conducted on each change score to determine the
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contribution of sex, PCS, and state anxiety as predictors of exercise-induced hypoalgesic

effects. Sex was added in the first step of the regression and the psychological variables

were added in the second step. A level of p ≤ .05 was used for all statistical analyses.

Statistical analyses were performed with SPSS version 20 (SPSS Inc., Chicago, IL, USA).

RESULTS

Results are reported as mean ±standard deviation. Target force for the isometric handgrip

was significantly greater for men (10.8 kg ±1.67) compared to women (6.19 kg ±1.20; p=.

001). Sex differences on the PCS approached significance (p=.058), with women

(9.33±4.12) trending towards greater PCS scores compared to men (5.17±4.10).

Furthermore, no significant differences existed between men and women on thermode test

temperature for the TS heat pain test (p=.343, Men=48.92 C°±2.33, Women=48.13 C°

±1.88) and the prolonged heat pain test (p=.168, Men=47.33 C° ±1.93, Women =46.37 C°

±1.61), even though men trended toward having higher temperatures. Average state anxiety

levels were generally low and did not significantly differ between sessions (p=.592:

Control=25.93±7.61, Isometric=26.85±8.25) or sex (p= .077: Men=23.83±5.23,

Women=28.43±9.00). The 2-way ANOVA conducted on HR during the isometric exercise

revealed a main effect of time (p<.001), with HR progressively increasing the first minute of

the exercise and then remaining stable for the last 2 minutes of the trial. Initial HR was

73.93 ±11.52 and increased to 80.75 ±11.21 at 180s. The main effect of sex and the sex by

time interaction were not significant (p’s>.05). Similarly, a main effect of time was revealed

for RPE during the isometric handgrip, (p<.001), in which RPE significantly increased every

20 s. The initial RPE at 20 s was 9.86±1.73 and increased to 16.27±1.78 at 180 s. The main

effect of sex and the sex by time interaction were not significant (p’s>.05).

PPTs

The mixed model ANOVA revealed a significant session by trial interaction, p=.014. Post-

hoc tests indicated that PPTs increased from pre to posttest during the isometric exercise

session, while no significant changes were evident during the control session. No other

effects were significant (p’s >.05), indicating no EIH differences as a function of sex or

exercised vs. inactive arms. Figure 2a shows the means and standard errors of the pre- and

posttests for each session, averaged across forearms. As displayed in Table 1, isometric

exercise produced moderate effect sizes for men and women.

Suprathreshold pressure pain

Means and standard errors of suprathreshold pressure pain ratings for pre and post tests for

each session are shown in Figure 2b. The ANOVA revealed no significant effects (all p’s >.

05), indicating that the isometric exercise did not affect suprathreshold pressure pain ratings.

The effect size for isometric exercise, while in the expected direction (indicating pain

reduction), was small.

Prolonged heat pain

The mixed model ANCOVA revealed a significant main effect of sex (p=.018) and sex ×

seconds interaction (p=.004), which was superseded by a significant sex × session × trial ×
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time interaction, p=.046. The post-hoc tests revealed that women’s pain intensity ratings

decreased during the 30-second prolonged heat pain trial at seconds 15–30 following

isometric exercise, but not during the control session. No pre-post differences were evident

for males or during the exercise or control sessions. Figure 3 shows men’s and women’s

average pain intensity ratings across the 30-s trial (averaged across forearms) for the pre-

and posttests for each session. Additionally, no significant differences were found between

the exercised and inactive forearms. In Table 1, effect sizes are displayed for the average

pain rating across the entire 30-s trial for each session and sex. This data shows that the

isometric exercise produced a large hypoalgesic effect for women and a small effect for

men.

Temporal summation of heat pain

The ANOVA for TS revealed a significant main effect of trial (p=.024), which was

superseded by a significant session × trial interaction, p=.008. During the isometric exercise

session, TS significantly decreased from pretest to posttest (pre=14.6, SE=2.8, post=11.15,

SE=2.23), while no changes were evident for the control session (pre=10.5, SE=1.76,

post=10.6, SE=1.75). No other effects were significant (p’s >.05), indicating no EIH

differences as a function of sex or exercised vs. inactive forearms. Isometric exercise

produced a large hypoalgesic effect for men and a moderate effect for women (See Table 1).

Correlations between psychological measures and exercise-induced hypoalgesic effects

Table 2 shows the partial correlation coefficients for PCS, STAI-S, and exercise-induced

hypoalgesic effects for each pain test. A significant correlation emerged between PCS and

the TS change score during the isometric session (p=.025, r=.467: See Figure 4). No other

significant correlations were found (p’s > .05). A multiple regression test demonstrated that

after controlling for sex, PCS predicted changes in TS following isometric exercise (p=.032;

Beta=.462), accounting for 18.0% of the variance. Individuals who reported greater pain

catastrophizing exhibited smaller reductions in temporal summation following isometric

exercise. PCS was not a significant predictor of pain sensitivity changes from pre to posttest

for any other pain test. STAI was not associated with pain sensitivity changes from any pain

test in either condition.

Discussion

This study sought to determine the influence of pain induction technique, psychological

factors, and sex on the hypoalgesic response of submaximal isometric exercise. Three key

findings emerged from this data: 1) the hypoalgesic response to isometric exercise varied

across pain induction methods, 2) pain catastrophizing predicted the exercise-induced

hypoalgesic response to TS of heat pain, and 3) sex differences in EIH emerged only during

the prolonged heat pain test.

Effect of Isometric Exercise on Reponses to Different Experimental Pain Tests

Previous EIH research has directed little attention toward the effect of experimental pain test

on EIH induction and magnitude within the same experimental set-up. This study was the

first to test the efficacy of isometric exercise in producing hypoalgesia across multiple
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experimental pain tests, including pressure pain threshold and suprathresholds, prolonged

heat pain, and TS of heat pain. Supporting prior work testing single pain modalities, a

submaximal isometric handgrip increased PPTs [2,25], reduced temporal summation of heat

pain in men and women [6], and reduced heat pain sensitivity in women [7]. The magnitude

of pain reduction varied by sex and pain test. Women showed the largest effect size during

the prolonged heat pain test, while men showed the largest effect during the TS test. Also in

line with previous studies [1,2,7], pain reduction for these three measures was present in

both the contracting and contralateral muscles, suggesting a non-local, centrally-mediated

inhibitory mechanism.

Contrary to our hypothesis, isometric exercise failed to alter suprathreshold pain ratings

during a dynamic pressure pain test. These results are in contrast to prior studies showing

reduced suprathreshold pressure pain intensity ratings following a 25% of MVC handgrip

held for multiple durations [25] and a 40–50% of MVC handgrip held for 2 minutes [2]. The

reasons for these differing results remain unclear, but may be due to methodological

variations between the studies, including different pain testing sites (i.e., skin of the

forefinger vs muscles of the forearm) and different pain induction methods (i.e., 2-minute

constant pressure stimulus vs 10-sec dynamic pressure stimulus). In the current study, the

suprathreshold pressure pain test was the only test that progressively increased in

stimulation intensity and consistently evoked high levels of pain. From a biological

perspective, pain serves as an early warning signal to protect against tissue injury [26].

Perhaps the protective function of pain is preserved following exercise for pain stimuli

perceived to pose a tangible risk of injury, thereby protecting against damage to

musculoskeletal structures. However, a linear relationship between pain intensity and tissue

damage is often lacking and this hypothesis requires additional research. Alternatively, the

lack of significant pain reduction may have been caused by the large between-subject

variability in pre-exercise pain ratings during the suprathreshold pressure pain test (i.e.,

ranging from 10 to 90). Noteably, the suprathreshold heat pain tests used individualized

protocols (i.e., customized temperature for each subject) and produced similar pre-exercise

pain levels (30 to 50), which likely minimized ceiling and floor effects. Future EIH research

should consider using individualized suprathreshold pressure pain protocols when making

within subject comparisons. Nonetheless, our data suggest that not all pain models are

equally modulated by the hypoalgesic effects of isometric exercise.

Isometric EIH and Psychological Factors

To our knowledge, the current study is the first to examine the relationship between pain

catastrophizing and EIH. The results only partially supported our hypothesis, as pain

catastrophizing was associated with the degree of EIH only for the TS pain test. Specifically,

individuals reporting higher levels of pain catastrophizing exhibited smaller reductions in TS

following isometric exercise. These findings are in line with previous studies showing that

pain catastrophizing is disruptive of opioid-dependent pain inhibitory systems [14,15,27].

Importantly, human and animal studies have documented the involvement of endogenous

opioids in pain reduction following exercise [16,28]. Furthermore, C-fiber compared to A-

fiber mediated pain sensations are more susceptible to opioid inhibition [29,30] and TS is

known to be dependent on C-fiber afferents [31]. In contrast, both A-delta and C-fibers
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likely mediated pain induced by the other pain tests [32,33]. Consequently, reduction of TS

following isometric exercise may rely more heavily on endogenous opioid mechanisms,

causing exercise-induced inhibition of this pain response to be more susceptible to

interference from pain catastrophizing. Also in line with prior investigations [34,35], women

in the current study reported higher levels of pain catastrophizing compared to men. These

differences in pain catastrophizing could explain why the magnitude of reduction in TS

following exercise was large for men (d=0.99) and only moderate for women (d=0.43).

In contrast to pain catastrophizing, state anxiety was not related to the degree of EIH among

any of the pain tests. Previous studies have found an association between anxiety and

endogenous analgesia assessed with CPM [12], with greater anxiety related to reduced

CPM. However, our results corroborate previous EIH studies [4,17] and suggest no

relationship exists between state anxiety levels and EIH. Notably, this finding should be

interpreted with caution as participants in the current study reported relatively low levels of

state anxiety prior to both experimental sessions. Thus, our results may not generalize to

high levels of anxiety, which would be more likely to interfere with efficient EIH.

Isometric EIH and Sex Differences

Finally, we assessed sex differences in EIH among the 4 pain testing paradigms. The few

studies investigating sex differences in EIH have produced mixed results [4,17,25,36]. For

example, Koltyn et al. found that men and women exhibited reduced pressure pain

sensitivity on the forefinger following a maximal isometric handgrip, whereas only women

showed reduced pressure pain sensitivity following a submaximal handgrip at 40–50% of

MVC [17]. In contrast, Hoeger-Bement observed no sex differences in pressure pain

sensitivity following submaximal isometric handgrips performed at 25% of MVC [4]. Our

results suggest that sex-related variations in EIH may be partially dependent on the

experimental pain test. Indeed, we observed sex differences in EIH only during the

prolonged heat pain test, with significant pain reduction found for women and no changes

observed for men. These results are in agreement with Staud et al. who showed that a

submaximal handgrip decreased pain intensity ratings of 5-second suprathreshold heat pain

stimuli on the contracting and contralateral muscles of women (men were not tested) [7].

The reason for the sex differences in EIH during the prolonged heat pain test remains

unclear. However, it has been suggested that effective central inhibitory mechanisms to

attenuate sustained pain would be more biologically advantageous for women to cope with

natural pain including menstrual and childbirth pain [37]. Several studies show that

fluctuations in sex hormones influence the effectiveness of endogenous pain inhibitory

systems [38,39,40], with high estradiol and low progesterone levels (i.e., related to ovulatory

phase of menstrual cycle) associated with greater pain inhibition and greater endogenous

opioid neurotransmission in supraspinal regions involved in pain inhibition. However,

Hoeger-Bement et al. found that the menstrual cycle phase does not influence the magnitude

of EIH for pressure pain threshold and suprathreshold ratings [41]. In the current study,

menstrual phase and sex hormone levels were not assessed. Overall, the collective evidence

indicates EIH is more consistently observed in women, which is in contrast to other tests of

pain inhibitory function such as conditioned pain modulation) [43,44]. Thus, EIH and

conditioned pain modulation may be regulated by different mechanisms. Furthermore, the
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existence of sex differences in EIH likely depends on complex interactions among several

factors including contraction intensity, and pain testing site or modality.

Limitations of Present Study

Several limitations of this study should be acknowledged. First, the participants in the

current study were healthy young adults. Therefore, generalization of these results to

individuals with chronic pain and older adults is limited. Prior research has shown that

individuals with fibromyalgia syndrome often do not exhibit hypoalgesia following an acute

bout of exercise [3,7], a dysfunction that partially explains the symptom flares that

commonly occur following exercise in FMS patients [42]. Furthermore, high levels of pain

catastrophizing are present in FMS patients [13] and often lead to physical inactivity. Based

on the results of the current study, future research is warranted to investigate the role that

pain catastrophizing plays in the dysfunctional EIH found in FMS patients. Secondly, the

cross-sectional nature of this study renders it possible that the association between EIH and

pain catastrophizing may be bidirectional, in which ineffective inhibitory mechanisms lead

to greater pain catastrophizing. Third, we tested an isometric contraction of a specific

intensity and duration. The relationships among the psychological variables, pain modality,

and sex may differ for isometric exercise performed under different intensity and duration

parameters. Fourth, EIH following isometric exercise tends to be short-lasting with a

progressive decline in magnitude following exercise cessation [5]. Thus, given that the

duration of the pre- and post-pain testing lasted almost 10 minutes, the effect sizes for each

pain test may have been smaller in magnitude than if just one pain test had been

administered pre and post exercise. Fifth, we did not control for the menstrual cycle phase of

female subjects. Finally, based on evaluation of our effect size data for sex differences in

EIH, the current study may not have been sufficiently powered to detect small effects in sex

differences in EIH.

Summary and Future Directions

In summary, the present data argue against a generalized reduction in pain sensitivity

following submaximal isometric exercise. Rather, EIH was partially a function of sex and

experimental pain test. In contrast to other pain modulatory tests (e.g., CPM) [43,44],

women consistently exhibit more effective EIH compared to men, particularly during tests

of prolonged pain. Furthermore, the relationship between EIH and pain catastrophizing was

pain test specific, with greater pain catastrophizing predicting diminished EIH only during

the temporal summation of heat pain trials. Our results suggest that a battery of pain tests

assessing different modalities and temporal profiles of stimulation are needed to

comprehensively assess an individual’s response to isometric exercise and inferences

regarding EIH using only one pain modality should be made with caution. Future research

should study the mechanistic and clinical implications of individual differences in EIH and

determine which pain tests used to assess EIH have the most clinical relevance. For

example, do individual differences in EIH predict health-related quality of life outcomes,

such as everyday clinical pain, physical functioning, and pain experiences specifically

related to regular physical activity? This knowledge could have important implications

regarding the identification of high-risk individuals for persistent pain, declining physical

activity levels, and functional disability.
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Figure 1.
Timeline of procedures during the experimental sessions. The bidirectional arrows between

the pressure and heat pain tests indicate that these tests were conducted in counterbalanced

order. The site of pain testing alternated between left and right forearms, so that one arm

was never tested consecutively. Participants maintained the same pain testing order for each

session pre and post exercise and quiet rest. PPT=pressure pain threshold; PPS= pressure

pain suprathreshold test; R=right forearm; L=left forearm; QR=quiet rest; ISO=isometric

exercise.
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Figure 2.
(A) Means and standard errors (SE) for pressure pain thresholds for pre- and post-tests for

each session, averaged across forearms. (B) Means and SE for ratings of suprathreshold

pressure pain for pre- and post-tests for each session, averaged across forearms. *p<.05.
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Figure 3.
Means and SE for men’s and women’s pain intensity ratings across the 30-second prolonged

heat pain trials for pre- and post-tests during the control and isometric sessions. Data is

averaged across forearms. *p<.05.
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Figure 4.
Scatterplot showing the relationship between pain catastrophizing (PCS) and changes in the

magnitude of temporal summation following isometric exercise.
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Table 1

Effect sizes (Cohen’s d) demonstrating the magnitude of the hypoalgesic effect (i.e. pre-post changes) for each

condition and each pain induction technique for men and women

Control Isometric

Pain Test Men Women Men Women

Pressure pain threshold −0.31 0.24 0.47 0.57

Suprathreshold pressure pain −0.04 −0.10 0.07 0.22

Prolonged heat pain 0.29 0.13 0.12 0.83

Temporal summation 0.09 −0.38 0.99 0.43

Note. A positive effect size represents a reduction in pain sensitivity following exercise or rest.
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Table 2

Partial Pearson correlation coefficients for PCS, state anxiety, and pain test change scores, while controlling

for sex

Control Isometric

Pain test STAI PCS STAI PCS

Pressure pain threshold 0.16 −0.23 0.32 −0.24

Suprathreshold pressure pain 0.09 0.16 −0.14 0.05

Prolonged heat pain 0.05 0.29 0.16 −0.21

Temporal summation 0.26 0.14 −0.30 0.47a

Note.

a
=significant at p< 0.05.
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