1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

,NS

fg)%
S

N4

O

2 Hepst

NIH Public Access

Author Manuscript

Published in final edited form as:
Med Sci Sports Exerc. 2014 April ; 46(4): 817-825. doi:10.1249/MSS.0000000000000143.

Intensity Thresholds for Aerobic Exercise—Induced Hypoalgesia

Kelly M. Nauglel, Keith E. Naugle?, Roger B. Fillingim!, Brian Samuels?!, and Joseph L.
Riley 1111
IpPain Research and Intervention Center of Excellence, University of Florida, Gainesville, FL

2Department of Applied Physiology and Kinesiology, University of Florida, Gainesville, FL

Abstract

Despite many studies investigating exercise-induced hypoalgesia, there is limited understanding of
the optimal intensity of aerobic exercise in producing hypoalgesic effects across different types of
pain stimuli. Given that not all individuals are willing or capable of engaging in high intensity
aerobic exercise, whether moderate intensity aerobic exercise is associated with a hypoalgesic
response and whether this response generalizes to multiple pain induction techniques needs to be
substantiated.

Purpose—This study’s purpose is to test for differences in the magnitude of pressure and heat
pain modulation induced by moderate (MAE) and vigorous (VAE) intensity aerobic exercise.

Methods—Twelve healthy young males and 15 females completed one training session and three
testing sessions consisting of 25 minutes of either 1) stationary cycling at 70% heart rate reserve
(HRR), 2) stationary cycling at 50% HRR, or 3) quiet rest (control). Pain testing was conducted on
both forearms prior to and immediately following each condition and included the following tests:
pressure pain thresholds (PPT), suprathreshold pressure pain test, static continuous heat test, and
repetitive pulse heat pain test. Repeated measures ANOVAs were conducted on each pain
measure.

Results—VAE and MAE reduced pain ratings during static continuous heat stimuli and
repetitive heat pulse stimuli, with VAE producing larger effects. VAE also increased PPTs, while
neither exercise influenced suprathreshold pressure pain ratings.

Conclusion—These results suggest that MAE is capable of producing a hypoalgesic effect using
continuous and repetitive pulse heat stimuli. However, a dose-response effect was evident as VAE
produced larger effects than MAE.
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Numerous studies have demonstrated that an acute bout of aerobic exercise temporarily
reduces experimentally induced pain (See Naugle et al. for a review, 25); a phenomenon
termed exercise-induced analgesia or exercise-induced hypoalgesia (EIH: 15,16). Human
pain perception is a dynamic and multifaceted construct that cannot be adequately assessed
with a single stimulus modality (i.e., pressure, thermal, electrical). Furthermore, different
temporal patterns of stimulation within a single modality can be used to assess different
aspects of the pain experience (e.g. A-delta fiber mediated sharp, well localized sensations
called “first pain” v. C-fiber mediated late burning sensations termed “second pain”) (29).
Along these lines, past studies indicate that experimental pain measures correlate only
moderately across stimulus modalities and tests (10,27), demonstrating the importance of
multimodal pain assessment. However, this practice has rarely been utilized in past EIH
research and caution should be made in generalizing findings based on responses to one type
of experimental pain test.

A recent meta-analytic review of the hypoalgesic effects of aerobic exercise reported a broad
range of effect sizes (i.e., .04 to 1.47), which was likely a function of both the intensity of
exercise and the form or modality of pain induction technique (25). For example, using
temporal summation (TS) of heat pain, Vierck et al. showed that vigorous intensity aerobic
exercise reduces the magnitude of late pain responses to stimulation of C-fiber nociceptors
(38). In the TS pain induction model, brief noxious heat pulses held at a constant intensity
are delivered to the skin at intervals of 3 seconds or less. This temporal pattern of
stimulation is characterized by C-fiber mediated late burning sensations that intensify with
time (34). However, using a continuous thermal pain model, Ruble et al. found no effect of
treadmill exercise at 75% of VO,max ON pain perception in response to continuous static hot
and cold stimuli (31). Thus, given that the generality of EIH among different experimental
pain procedures remains unclear, the present study was designed to evaluate the hypoalgesic
effect of exercise among a range of pain induction techniques, including TS of heat pain and
continuous static heat pain, in the same sample of participants. This information could
potentially provide insights into the pain pathways involved with EIH.

Furthermore, the potential application of aerobic exercise as a form of pain management
requires a comprehensive understanding of the intensity thresholds required to elicit EIH.
Indeed, not all individuals are willing or capable of engaging in high-intensity aerobic
exercise. Only one study has investigated potential thresholds for both intensity and duration
of the aerobic exercise required to elicit exercise-induced hypoalgesia (12). Hoffman and
colleagues discovered that pain intensity ratings for pressure applied to the index finger were
reduced following 30 minutes of treadmill running at 75% VO,max (12). However, a
hypoalgesic effect of treadmill running was not found at 75% VOymax for 10 minutes or
50% VOymax for 30 minutes. Importantly, the data for 50% VO,max exercise revealed a
reduction in pain ratings following exercise that approached significance and had a moderate
effect size with only 12 participants. Thus, the failure to detect a hypoalgesic effect of
moderately intense exercise may have been due to a lack of power from an insufficient
number of subjects. Additionally, intensity thresholds for aerobic EIH have not been tested
with other pain induction methods. As such, additional studies are needed to clarify the
intensity of aerobic exercise required to elicit EIH.
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The purpose of this study was twofold. The first purpose was to investigate the effect of
submaximal aerobic exercise on experimental pain produced by different pain induction
procedures that are commonly used in human pain research. The second purpose was to
examine whether the effect of aerobic exercise on pain sensitivity and perception is
dependent on the intensity of the exercise. To address these aims a series of pain induction
protocols was administered pre and post moderate aerobic exercise, vigorous aerobic
exercise, and quiet rest. Pain measures included pressure pain thresholds, ratings of
suprathreshold pressure pain, pain ratings during static continuous heat pain stimuli, and
magnitude of late heat pain responses during a series of noxious heat pulses. Based on the
results of a recent meta-analysis (25), we hypothesized that 1) aerobic exercise would
produce a hypoalgesic effect among all pain modalities and 2) the largest effect would be
associated with the exercise of higher intensity.

Participants were twenty-seven (15 female) healthy young adults. Participant descriptors are
presented in Table 1. 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: 32). 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 coffee or any pain medications prior to the experimental sessions.

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 three randomized experimental sessions. All sessions were separated by
a minimum of 48 hours and conducted at approximately the same time of day (+ 2 hours).
All sessions began after 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 a resting heart rate (HR) and blood pressure measurement.
Once eligibility was determined, participants completed a training session designed to 1)
teach them the continuous pain rating system, and 2) determine the individualized
temperatures of the thermal stimuli for the heat pain testing protocols such that participants
would experience moderate pain (i.e., 50/100 on a 0-100 visual analogue scale).
Additionally, the experimental pain testing procedures were conducted once during the
training session to ensure familiarity with the testing protocols.
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Experimental sessions—Participants completed three experimental sessions in
randomized order consisting of one of the following conditions: vigorous intensity aerobic
exercise, moderate intensity aerobic exercise, and quiet rest. At the beginning of each
session, 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. Heart rate was similarly measured during all experimental sessions. During each
session, four different pain tests were administered on each forearm followed by 25 minutes
of exercise or quiet rest. Blood pressure was immediately taken upon completion of exercise
or quiet rest followed by the administration of the same 4 pain tests in the same order as the
pre-exercise pain tests. The administration of the 4 pain tests pre and post exercise took
under 10 minutes to complete. Figure 1 shows a timeline of an experimental session.

Experimental Session 1: Acute bout of vigorous aerobic exercise: This session tested for
changes in pain sensitivity and perception (as described under experimental pain measures)
following 25 minutes of vigorous stationary cycling. Participants cycled the first 5 minutes
at an intensity of up to 50% heart rate reserve (warm-up period), followed by 20 minutes at
70% heart rate reserve (HRR) (28). The speed and/or resistance of the cycle ergometer were
adjusted to meet the prescribed intensity (target HR zone) throughout the exercise bout. The
following data were recorded every five minutes during exercise: 1) the wattage of the cycle
ergometer, 2) ratings of perceived exertion (RPE) using Borg’s 6—20 scale (1), and 3) heart
rate with a heart rate monitor. A target HR was determined for each participant using the
Karvonen formula (14). The Karvonen formula is related to the percent of age-predicted
maximal heart rate but allows for differences in resting HR with the following formula:

Target heart rate=[ (age—predicted maximal heart rate—resting HR) x %Intensity|+resting HR

. Age predicted maximal heart rate = 220-age.

Experimental session 2: Acute bout of moderate intensity aerobic exercise: This session
tested for changes in pain sensitivity following 25 minutes of moderate intensity stationary
cycling. This session was identical to the vigorous exercise session, however, following the
5 minute warm-up period participants cycled for 20 minutes at an intensity of 50-55% HRR
(27).

Experimental session 3: Quiet Rest — control condition: This session tested for changes in
pain sensitivity and perception following 25 minutes of quiet rest. Participants remained in a
seated position for the entire 25 minutes and were allowed to read. Heart rate was recorded
every five minutes.

Psychophysical Pain Testing

Participants were administered 4 different pain tests to each forearm pre and post exercise or
quiet rest, including: 1) pressure pain thresholds, 2) suprathreshold pressure pain trial, 2)
continuous static heat pain trial, and 4) pulse heat pain trial. The order of the pain tests are
shown in Figure 1 and were conducted as follows: 1) a pressure pain test administered to
both forearms, 2) a continuous or pulse heat pain test administered to one forearm, 3) a
continuous or pulse heat pain test administered to the other forearm, 4) a pressure pain test
administered to both forearms 5) a continuous or pulse heat pain test administered to one
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forearm, 6) a continuous or pulse heat pain test administered to the other forearm. The site
of pain testing alternated between left and right arms, so that one arm was never tested
consecutively. Additionally, the order of the pressure and heat pain tests, as well as the
bodily site (right v. left arm) was counterbalanced among participants. Participants
maintained the same pain testing order for every session pre and post exercise and quiet rest.

Pressure Pain Thresholds (PPT)—Pressure pain threshold was assessed with a
handheld algometer (Jtech, Heber City, Utah) on the right and left ventral forearm,
approximately 8 cm distal to the elbow. The tip of the algometer consisted of a rubber flat
1.0 cm? probe. Pressure stimuli were delivered to the forearm at an approximate rate of 0.5
kg/s. Participants were instructed to respond verbally when the pressure sensation first
became painful, at which 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.

Suprathreshold Pressure Pain Test—Ratings of suprathreshold pressure stimuli were
also assessed on the right and left ventral forearm with the same handheld algometer used
for PPTs. The site of the 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 to the forearm at an approximate rate
of 0.5 kg/s, until 5 kg was applied. This level of pressure was chosen to assess stimulus
intensity 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”.

Continuous Heat Pain Test—Contact heat stimuli were delivered by a computer
controlled Peltier-based thermode (32 mm x 32 mm; TSA-2001, Ramat Yishai, Israel) to the
right and left ventral forearms. For each 30-second continuous heat pain trial, the thermode
was first brought to a neutral temperature (32°C) and then ramped (2.0°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., continuous and pulse heat pain trials). The intensity of the pain produced
by the contact thermode was rated every 5s on a 0 to 100 VAS.

Repetitive Pulse Heat Pain Test—-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 2.5 seconds. The baseline temperature was 38°C and the target temperature was the
individualized temperature that produced moderate pain as 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. Prior work has shown that during a series
of nociceptive pulses administered at a frequency greater than .3 Hz, C-fiber mediated
responses of nociceptive dorsal horn neurons and the sensation of second pain progressively
increase (29, 37). Thus, the pulse heat pain test permitted the assessment of the effect of
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exercise on the magnitude and temporal summation (TS) of C-fiber mediated heat pain
sensations (i.e., late burning heat pain sensations).

Data Analysis

Descriptive statistics were calculated for HR, percentage of HRR, and RPE for each exercise
session. One participant’s average HRR% for the vigorous aerobic exercise was only 55%;
therefore, this participant’s data were not included in the statistical analyses. During the
suprathreshold pressure pain test, one participant did not report experiencing any pressure
pain after the target pressure of 5 kg was reached; thus this participant’s data was removed
from the suprathreshold pressure pain analyses. During the PPT test, two participants did not
report experiencing pain before the upper limit of pressure for the test was reached;
therefore their data were not included in the PPT analyses.

Preliminary testing using separate mixed model ANOVAs for each condition (moderate
aerobic exercise, vigorous aerobic exercise, Control) indicated that the effect of exercise on
experimental pain did not differ between forearms or sex for any of the psychophysical pain
tests. Thus, the data for each pain test was averaged between the two forearms and sex was
not included as a factor for further analyses. The data for PPTs and ratings of suprathreshold
pressure pain were analyzed with 3 (condition: moderate aerobic exercise, vigorous aerobic
exercise, Control) x 2 (time: pre, post exercise) repeated measures ANOVAs. Data for the
continuous heat pain test were analyzed with a 3 (session: moderate aerobic exercise,
vigorous aerobic exercise, Control) x 2 (trials: pre, post exercise) x 6 (time: 5s, 10s, 15s,
20s, 25s, 30s) repeated measures ANOVA. Data for the magnitude of the late pain
sensations during the pulse heat trial were analyzed with a 3 (session: moderate aerobic
exercise, vigorous aerobic exercise) x 2 (trials: pre, post exercise) x 10 (pulse:
1,2,3,4,5,6,7,8,9,10) repeated measures ANOVA with repeated measures on the last three
factors. 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. A level of p <.05 was used for all statistical analyses.
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 resulted in positive effect sizes. Due to the within subjects designs of
the studies, the effect sizes were adjusted as recommended by Morris and DeShon (24).
Finally, bivariate correlations were conducted to determine if exercise-induced hypoalgesic
responses were consistent across the experimental pain tests for each condition (moderate
exercise, vigorous exercise, quiet rest). For each condition, the exercise-induced hypoalgesic
response for each pain test was calculated by subtracting the pretest score from the posttest
score. For the continuous heat pain test and pulse heat pain test, pain ratings at 30s and after
pulse 10, respectively, were used to calculate the EIH response.

Med Sci Sports Exerc. Author manuscript; available in PMC 2014 June 13.
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Descriptive Characteristics

PPTs

The average age of participants was 21.78 (SD=4.14). The RPE and heart data indicated that
on average participants exercised at a moderate pace during the moderate aerobic exercise
session (average HRR%=52.62, 9D=2.42; average HR=123.68, SD=6.63; average
RPE=11.95, SD=1.82) and at a vigorous pace during the vigorous aerobic exercise session
(average HRR%=69.61, SD=4.31; average HR=142.07, SD=5.35; average RPE=14.49,
SD=1.46).

Figure 2a shows the means and standard errors of the pre- and posttests for each condition.
The repeated measures ANOVA revealed a significant main effect of Trial (p=.03), which
was superseded by a significant session x trial interaction, F(2,46)=4.11, p=.023. The
follow-up tests indicated that PPTs increased significantly following the vigorous aerobic
exercise, but not after moderate aerobic exercise and quiet rest. As displayed in Table 2,
VAE produced a large effect size, d=1.07. Furthermore, PPTs at pretest during the vigorous
aerobic exercise session were significantly lower than the posttest PPTs during the moderate
aerobic exercise session. Given this finding, it was possible that the significant effect of
vigorous exercise was due to the lower pretest PPT value. Thus, we examined the
correlations between the pretest PPT values and the exercise-induced increases in PPT
(posttest — pretest). The correlational analysis was not significant (p=0.44, r=0.108),
suggesting that while the lower PPT values before VAE were unexpected, they likely did not
influence the exercise induced changes. Additionally, further inspection of the data indicated
that while the overall test-retest reliability was good (> .80) four participants exhibited high
variability in pre-exercise PPT values between days of testing (x1kg). Therefore, these four
participants were removed and the data was reanalyzed. The session x trial interaction was
still significant at p=.047. Follow-up tests indicated only a significant difference between the
pre and posttest PPTs during the vigorous exercise session (Control: pre=2.78+1.08,
post=2.80+.09; moderate AE: pre=2.85+1.03, post=3.022+1.12; vigorous AE: pre=2.73+.98,
post=3.05+1.17). The effect sizes only changed a little from the original analysis: Control
ES=.09 v. -.01, moderate AE ES=.37 v. 0.24, vigorous AE ES=.94 v. 1.07. Thus, we are
confident that the significant effect of vigorous exercise on PPT’s was not attributable to the
lower pretest value.

Suprathreshold pressure pain test

Means and standard errors of suprathreshold pressure pain ratings for pre and post tests for
each condition are shown in Figure 2b. No effects were significant (session x trial, p=.07),
indicating that acute exercise did not affect suprathreshold pressure pain ratings. The effect
sizes for each exercise condition, while in the expected direction (indicating pain reduction),
were small.

Med Sci Sports Exerc. Author manuscript; available in PMC 2014 June 13.
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Continuous heat pain test

The repeated measures ANOVA revealed significant main effects of trial (p=.001) and time
(p=.048), which were superseded by a significant condition x trial x time interaction,
F(3.38,84.45)=5.73, p=.001. The post-hoc tests revealed that pain intensity ratings reported
at 25 s and 30 s during the 30-second constant heat trials were reduced following moderate
aerobic exercise. Similarly, pain ratings reported at 20-30 s during the 30-second heat trial
were reduced following vigorous aerobic exercise. Figure 3 shows the average pain intensity
ratings across the 30-second trial for the pre- and posttests for each condition. In Table 2,
effect sizes are displayed for the pain ratings at 30 s, given that the hypoalgesic effect of
exercise was most evident at this time point. This data revealed a moderate effect size for
moderate aerobic exercise and a large effect size for vigorous aerobic exercise.

Pulse heat pain test

The ANOVA for the magnitude of the late pain sensations during the pulse heat trials
showed a significant condition x trial x pulse interaction, F(5.65,135)=2.53, p=.026. Post-
hoc tests indicated that late pain sensations were reduced during the pulse heat pain trial
following: 1) moderate aerobic exercise after pulses 9 and 10, and 2) vigorous aerobic
exercise after pulses 6 — 10 (See Figure 4). In Table 1, effect sizes are displayed for the late
pain sensations at pulse 10, given that the hypoalgesic effect of exercise was most evident at
this time point.

Correlations among EIH responses to experimental pain tests for each condition

The bivariate correlations among experimental pain tests for each condition are presented in
Table 2. The EIH responses did not significantly correlate between the different
experimental pain tests for any condition, with only a single exception. During the moderate
aerobic exercise session, individuals who demonstrated greater EIH during the PPT test also
exhibited greater EIH during the pressure pain suprathreshold test.

DISCUSSION

The purpose of this study was to investigate experimentally-induced pain evoked by four
different pain induction procedures before and after aerobic exercise that varied in intensity.
The principle findings were as follows: 1) vigorous intensity aerobic exercise reduced pain
during pressure pain thresholds, static continuous heat stimuli, and repetitive heat pulse
stimuli, but did not influence suprathreshold pressure pain ratings, 2) moderate intensity
aerobic exercise reduced pain only during static continuous heat stimuli and repetitive heat
pulse stimuli, and 3) a dose-response effect was evident as vigorous intensity exercise
produced larger effects than moderate intensity exercise. Furthermore, the correlational data
generally indicated that EIH responses were not consistent across experimental pain tests for
moderate or vigorous aerobic exercise, demonstrating the importance of multi-modal/
stimulation pain assessment when studying EIH.

Aerobic exercise and pressure pain

The results of the present study support prior work showing that vigorous intensity aerobic
exercise increases pressure pain thresholds (17,22) and that moderate intensity aerobic
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exercise fails to alter pressure pain sensitivity (12). However, in contrast to Hoffman et al.
(12) and Kaoltyn et al. (17), vigorous aerobic exercise did not reduce the perception of
suprathreshold pressure pain. Several methodological differences between the studies could
account for these discrepant findings. First, the duration of vigorous exercise was slightly
different between the studies (Hoffman & Koltyn studies: 30 minutes v. current study: 20
minutes). Importantly, Hoffman et al. revealed potential thresholds for the duration of
aerobic exercise required to elicit hypoalgesia, in which pressure pain ratings were altered
following 30 but not 10 minutes of vigorous exercise. Secondly, both Hoffman et al. and
Koltyn et al. applied a constant pressure pain stimulus to the index finger, whereas we
applied a dynamic pressure stimulus which progressively increased in intensity on the
forearm. Third, we used a muscle pain stimulus whereas the other studies used a cutaneous
pain stimulus.

Interestingly, we showed that vigorous aerobic exercise alters pressure pain threshold but
not suprathreshold pressure pain ratings. Pressure pain thresholds signify the lowest
boundary of painful sensations in musculoskeletal structures (3). As the intensity of extrinsic
pressure and the subsequent pain increases, so does the tangible risk of injury. Therefore,
significant reductions in pain sensitivity at increasing suprathreshold, compared to threshold,
levels of pain could place individuals at a greater risk of injury. 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 sensations (i.e. more than
50% of participants rated pain >60/100 and approximately 60% rated pain > 50/100).
Perhaps, the warning capacity of the pain system is preserved following exercise for higher
intensity and potentially injurious stimuli, thereby protecting against tissue damage.
Alternatively, given that suprathreshold heat pain was reduced by exercise, a methodological
explanation may also be possible. Specifically, the suprathreshold heat pain tests used an
individualized protocol (i.e., temperature was tailored for each individual to produce a
moderate level of pain) whereas the suprathreshold pressure pain test utilized a fixed
protocol (i.e., 5 kg of pressure was applied to all participants). Individualized compared to
fixed pain test protocols are better suited for within-individual comparisons (19) because
they produce a similar level of pre-intervention pain among participants and can minimize
floor and ceiling effects. Indeed, inspection of the baseline suprathreshold pressure pain
rating data revealed large variability between participants, with average ratings ranging
between 17 and 90. Future EIH research should consider individualized suprathreshold
pressure pain protocols when making within subject comparisons.

Aerobic exercise and continuous static heat pain

We showed that vigorous and moderate intensity aerobic exercise reduces perception of pain
during continuous static heat stimuli. Our results are in contrast to Ruble et al. who found
that treadmill running at 75% VO,max produced no significant changes in pain intensity
ratings of continuous, static hot and cold stimuli delivered to the palm for 2 minutes (31).
While we cannot explain the discrepant results between the two studies, some
methodological differences between the two studies did exist including bodily site of pain
stimulation (palm vs. forearm) and method of rating pain (i.e., in Ruble’s study participants
could see previous pain ratings).
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Previous studies have evaluated the temporal fluctuations in specific heat pain qualities
during 30 s of static heat pain stimulation (9). Sharp stinging pain sensations peak in the first
10 s and then abruptly attenuate to a very low level of pain (>10/100) for the remaining 20 s
of the trial. In contrast, burning pain sensations do not adapt with time but rather continue
through the entire 30 s of heat stimulation. Specific heat pain sensations have been
equivocally linked with distinct nociceptive mechanisms (2,20). Sharp stinging sensations
(“first pain™) are associated with A-delta type-2 nociceptor activation. Attenuation of sharp
sensations during prolonged heat stimulation is likely caused by adaptation of activity in
these nociceptors (35,36). On the other hand, burning pain sensations (“2"d pain) involve
activation of polymodal C-fiber nociceptors which do not adapt over time to static heat
stimulation (9). Thus, the last 15 s of the 30-s continuous heat pain trial likely represented
pain sensations mediated by C-fiber activation. As such, our data suggest that C-fiber
mediated pain sensations may be more susceptible to the hypoalgesic effects of exercise, as
pain was reduced following exercise only during the last 10 s of the 30-s heat pain trial.
While this hypothesis is based on speculation, it is in also accordance with Vierck et al. who
suggested that the source of nociceptor input may be an important factor in exercise-induced
hypoalgesia (36). Indeed, prior research indicates that exercise-induced hypoalgesia may
function through the activation of the endogenous opioid system and A-fiber compared to C-
fiber mediated pain sensations are less susceptible to opioid inhibition (5,30).

Aerobic exercise and repetitive pulse heat pain

Supporting prior work (38), we also showed that aerobic exercise reduces the magnitude of
late pain sensations during the static pulse heat trials. Similar to the continuous heat pain
trials, pain reduction was observed only in the latter end of the trials (i.e., pulses 6-10). A
single brief noxious heat pulse evokes A-delta mediated sharp-stinging pain sensations
followed by a C-fiber mediated burning pain sensations. We specifically instructed
participants to rate the late burning pain sensations experienced following each pulse, not
the pain felt during each pulse. Price and colleagues revealed that during a train of brief
repetitive heat stimuli, first pain intensity decreases with each successive heat pulse as a
consequence of heat induced suppression of A-delta type-2 nociceptors (29). On the other
hand, C-fiber mediated second pain sensations progressively increase with each successive
pulse when inter-pulse intervals are less than 3 s (temporal summation of pain: 29,34). Thus,
pulses during the latter half of the repetitive pulse heat trials likely evoked more distinct C-
fiber mediated late pain sensations compared to the earlier pulses. Consequently, data from
the heat pulse trials also support the notion that pain sensations elicited by C-fiber input are
preferentially attenuated by acute aerobic exercise.

Effect of moderate v. vigorous aerobic exercise on experimentally-induced pain

As hypothesized, aerobic exercise produced a dose response effect on pain perception during
the continuous and pulse static heat stimuli, with the more intense exercise producing larger
effects. Furthermore, vigorous exercise produced large hypoalgesic effects during the PPTs,
while moderate aerobic exercise produced only a small, but non-significant hypoalgesic
effect. However, we cannot completely exclude the possibility that the significant pain
reduction in response to vigorous exercise was due to the lower pre-exercise value.
Nonetheless, we showed for the first time that moderately intense aerobic exercise (i.e.,
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~50% of HRR) is capable of producing an analgesic effect in healthy adults, although this
effect was dependent on pain induction technique. This knowledge could have important
implications for the use of exercise in the management of pain, particularly in deconditioned
individuals (e.g., older adults, fibromyalgia patients). Importantly, the present study only
included young to middle aged healthy individuals; therefore, caution is warranted in the
generalization of these results to other age groups and individuals with chronic pain. In fact,
several studies suggest that vigorous aerobic exercise fails to produce a hypoalgesic effect in
individuals with central pain inhibitory deficiencies, such as fibromyalgia patients and
chronic fatigue syndrome (4,22,38). However, a recent study by Newcomb and colleagues
revealed that both preferred and prescribed moderate intensity aerobic exercise is capable of
producing hypoalgesia in fibromyalgia patients (26). Future research needs to systematically
investigate the intensity thresholds for aerobic exercise as a pain reduction treatment in older
and chronic pain populations.

The most widely ascribed mechanism for EIH involves the activation of the endogenous
opioid system during exercise. Several animal studies have shown that exercise of sufficient
intensity and duration results in the release of central and peripheral beta endorphins, which
have been associated with reductions in pain sensitivity (8,11,33). Data from our heat pain
tests support this mechanism. Specifically, C-fiber v. A-fiber input is more susceptible to
opioid inhibition (5,30) and the heat pain sensations that were likely C-fiber mediated were
preferentially inhibited following exercise. Another potential mechanism involves the
activation of group 111 and IV muscle afferents in skeletal muscle during exercise (23).
Animal studies show that activation of these afferents increases pain thresholds (13,35). In
relation to our data, perhaps a threshold of muscle afferent input is required to increase
pressure pain thresholds and stationary biking at 70% HRR reserve reached this threshold
whereas biking at 50% HRR did not. Other potential mechanisms of EIH that have been
discussed include the activation of nonopioid pain inhibitory systems by exercise (e.g,
endocannabinoids, serotonin; 6,13,21,39) and the interaction between pain modulatory and
cardiovascular systems (See Kolytn & Umeda for a review, 18). Unfortunately, each of
these proposed mechanisms for EIH have received mixed support, illustrating the
complexity of this phenomenon. Furthermore, the animal studies collectively indicate that
EIH is likely produced by multiple analgesic systems, each of which may preferentially alter
different types of nociceptive input. Indeed, prior research suggests that different descending
pain pathways exert differential influence on nociceptive input from cutaneous and deep
tissues (40). Along these lines, moderate intensity exercise may activate an analgesic system
that preferentially modulates cutaneous v. muscle input or heat v. pressure pain. In
conclusion, this study confirms that moderate intensity aerobic exercise is likely insufficient
to elicit EIH using pressure stimuli on healthy adults. However, we provided evidence that
vigorous and moderate aerobic exercise reduce pain perception during static continuous and
pulse heat stimulation, with vigorous exercise producing larger effects. Furthermore, during
the heat pain trials, aerobic exercise appeared to preferentially alter late pain sensations,
which are likely C-fiber mediated and strongly implicated in chronic pain states. Finally,
given the lack of correlation between EIH responses among the different experimental pain
tests, future research with larger sample sizes is needed to understand factors influencing
exercise-induced hypoalgesic response patterns and their clinical significance.
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‘{Q_f)“t_f

Timeline of procedures during the experimental sessions. The bidirectional arrows between
the pressure pain tests and the heat pain tests indicate that these tests were conducted in
counterbalanced order. The site of pain testing alternated between left and right arms, so that
one arm was never tested consecutively. Participants maintained the same pain testing order
for every session pre and post exercise and quiet rest. PPT=pressure pain threshold; PPS=
pressure pain suprathreshold test; R=right forearm; L=left forearm.
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Figure 2.
(A) Means and standard errors (SE) for pressure pain thresholds for pre- and post-tests for

each exercise condition. (B) Means and SE for ratings of suprathreshold pressure pain for
pre- and post-tests for each exercise condition. *p<.05.
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Means and SE for pain intensity ratings across the 30 s continuous heat pain trials for pre-
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and post-tests during the control, moderate aerobic exercise (AE), and vigorous aerobic
exercise conditions (AE). *p<.05.
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Means and SE for the late sensation pain intensity ratings following each pulse for the pulse

heat pain trials for pre- and post-tests during the control, moderate aerobic exercise (AE),
and vigorous aerobic exercise conditions (AE). *p<.05.
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Table 1

Effect sizes (Cohen’s d) demonstrating the magnitude of the hypoalgesic effect of each condition for each pain
induction technique

Condition
Pain Test Control MAE VAE
Pressure pain threshold -0.01 0.24 1.07
Suprathreshold pressure pain -0.26 030 0.10
Continuous heat pain at 30 s 0.25 059 083

Pulse heat pain — mag. of late sensations” 0.11 0.35 047

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

*
Effect size for ratings of late pain sensations after pulse 10; mag=magnitude; MAE=moderate aerobic exercise; VAE=vigorous aerobic exercise.
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Table 2

Bivariate correlations among EIH responses to experimental pain tests for each condition

PPT SPP  CHP PHP

Control condition

Pressure pain threshold 1 -.086 -.099 -.185
Suprathershold presssure pain 1 -.049 321
Continuous heat pain 1 221
Pulse heat pain 1

Moderate Aerobic Exercise condition

Pressure pain threshold 1 _g520* —227 -212
Suprathershold presssure pain 1 -.060 .236
Continuous heat pain 1 221
Pulse heat pain 1

Vigorous Aerobic Exercise condition

Pressure pain threshold 1 -.154 072 -.281
Suprathershold presssure pain 1 .303 153
Continuous heat pain 1 .092
Pulse heat pain 1

Note. PPT= Pressure pain threshold; SPP= Suprathershold presssure pain; CHP= Continuous heat pain; PHP= Pulse heat pain;

*
significant at p<.05..
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