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Aims: To evaluate the effect of nonstrenuous aerobic exercise on chronic
masticatory myalgia (CMM) patients and healthy controls (HC) by means of
mechanical temporal summation (TS) and response to mechanical stimulation
(RMS) performed on the dominant forearm. Methods: A total of 30 patients
diagnosed with CMM and 30 pain-free HCs were first evaluated for maximum
number of steps (MNS) on a stepper machine for 1 minute. Additionally, they
completed the Generalized Anxiety Disorder (GAD-7), Graded Chronic Pain
Scale (GCPS), and Jaw Functional Limitation Scale (JFL) questionnaires. On the
second visit, RMS, mechanical TS, exercise-induced hypoalgesia (EIH), blood
pressure, pulse pressure, and heart rate were assessed prior to and immediately,
5, 15, and 30 minutes following 5 minutes of stepper exercise at 50% MNS.
Results: Compared to HCs, CMM patients demonstrated increased mechanical
TS and less efficient EIH. Mechanical TS scores were reduced in both groups;
however, the HC reduction was more robust and persistent. CMM patients
demonstrated a delayed reduction in RMS following exercise in contrast to an
immediate reduction in HCs. GAD-7, GCPS, and JFL scores for CMM patients
were higher than for HCs and were associated with baseline pain intensity but not
with EIH or TS. Conclusion: These findings suggest that, compared to HC, CMM
patients’ pain modulation is both suppressed and has a different effect duration
and timing pattern. Further research should explore the mechanisms and clinical
relevance of the delayed hypoalgesia and the inhibitory effect on TS induced by
nonstrenuous aerobic exercise in CMM patients. J Oral Facial Pain Headache
2019,33:143-152. doi: 10.11607/0fph.2342

Keywords: exercise, masticatory myalgia, myofascial pain, pain modulation,
temporomandibular disorders

common nonodontogenic orofacial pain condition,"? with an esti-
mated prevalence of 5% to 12%. The term TMD refers to a group
of conditions that include masticatory muscle myalgia and temporo-
mandibular joint (TMJ) pathologies. While muscle pain is probably more
common than joint disorders, the exact prevalence of chronic mastica-
tory myalgia (CMM) is unclear because epidemiologic studies vary in
their classifications of muscle and joint disorders.®~°
CMM pathophysiology is multifactorial and has been associated
with various factors such as stress, genetics, and trauma, among oth-
ers.® CMM typically presents with tenderness to palpation and is further
characterized by palpation-induced pain referral locally (within muscle
boundaries) or to distant sites such as the ears, teeth, supraorbital area,
temporal areas, or neck.>”® The pain patterns can vary—the pain may
peak on awakening or in the evening, and jaw function such as mastica-
tion and yawning can either aggravate or alleviate pain."®° Treatment mo-
dalities include pharmacologic and behavioral treatments, trigger point
injections, orthotic appliances, and physical therapy.®>°~'2 Nevertheless,
there is no gold standard or one recognized treatment protocol.
It is broadly accepted that physical activity is favorable to an indi-
vidual's overall health,'® as well as in the treatment and rehabilitation
of patients with chronic pain.'* Exercise or physical activity can reduce

Temporomandibular disorders (TMD) are considered the most

Journal of Oral & Facial Pain and Headache 143

© 2019 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Nasri-Heir et al

pain sensitivity, but this effect varies between sub-
jects.’®'® The decreased sensitivity to painful stimuli
induced by exercise is termed exercise-induced an-
esthesia or exercise-induced hypoalgesia (EIH).'7-'®
Exercise protocols that can demonstrate a hypoal-
gesic effect include isometric muscle contraction (a
static contraction with no joint movement), aerobic
exercise (such as running), or dynamic resistance
exercises (muscle contractions that produce joint
movements).'* The extent of hypoalgesia has been
shown to be related to the exercise type, intensity,
and duration.'*2° Consequently, exercise is incorpo-
rated into treatment protocols for painful chronic con-
ditions such as fibromyalgia, chronic fatigue, arthritis,
and low back pain.2'-2¢

The exact mechanism underlying EIH is still not
fully understood; however, exercise is known to ac-
tivate inhibitory pain modulation systems such as the
release of peripheral and central endorphins'#27-30
and neurotransmitters such as serotonin, norepi-
nephrine, and endocannabinoids.®! Interaction with
the cardiovascular system has also been mentioned
as a potential mechanism.32:33

Various chronic pain conditions such as fibromy-
algia, tension-type headache, migraine, chronic low
back pain, irritable bowel syndrome, and burning
mouth syndrome have all been shown to be associat-
ed with faulty pain modulation—specifically, deficient
pain inhibition.3473° Pain modulation studies involving
TMD and CMM patients employing methods other
than exercise revealed conflicting findings, ranging
from systemic altered pain modulation*° to localized
alteration*! to no alteration in pain modulation.*>43 A
recent systematic review concluded that increased
pain facilitation and a trend for pain inhibition impair-
ment exist in nonparoxysmal orofacial pain patients.**

However, exercise can also induce or augment
existing pain, especially in patients suffering from a
chronic pain condition.'®4546 This may affect patient
compliance with a protocol that includes intense
exercise. Low-intensity exercise is probably less ef-
ficient, but has been shown to be effective in alleviat-
ing muscle pain in an animal model.*”

The objective of this study was to evaluate the
role of a nonstrenuous, low-intensity aerobic exercise
protocol in CMM patients. It was hypothesized that
patients suffering from CMM would present less effi-
cient EIH compared to healthy individuals.

Materials and Methods

Patient Recruitment and Study Overview

This study was conducted at the Center for
Temporomandibular Disorders and Orofacial Pain,
Department of Diagnostic Sciences, Rutgers School
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of Dental Medicine, Newark, New Jersey and was
approved by the Rutgers Internal Review Board
(Pro20150002391).

A detailed explanation of the study and proce-
dures was provided to each participant, and signed
consent forms were obtained. The study group in-
cluded patients suffering from masticatory myal-
gia (local or myofascial pain with referral) for more
than 3 months. Diagnoses were made based on the
Diagnostic Criteria for Temporomandibular Disorders
(DC/TMD).848 The healthy control (HC) group in-
cluded healthy individuals matched for age and gen-
der to the study group. All of the subjects involved in
the study were 18 years or older and could commu-
nicate, understand, and follow the study instructions.
Pregnant women, patients under active treatment for
chronic pain, and patients suffering from systemic
diseases that can either prevent them from exercising
or have an effect on the patients’ nervous systems
were excluded from the study.

During the first visit, general information such as
age, sex, ethnicity, and medical history were collect-
ed, and body mass index (BMI) was calculated. The
Generalized Anxiety Disorder (GAD-7),*° Graded
Chronic Pain Scale (GCPS),® and Jaw Functional
Limitation Scale (JFL)%°-52 questionnaires were com-
pleted by each participant. Maximum number of steps
(MNS) during 1 minute on a stepper (Duro-Med
Mini Stepper Exerciser, Model: 660-2005-0000,
1504-242) was measured, and an exercise protocol
training session as well as a practice sensory testing
session were performed.

During the second visit, response to mechan-
ical stimulation (RMS), mechanical temporal sum-
mation (TS), exercise-induced hypoalgesia (EIH),
blood pressure, and pulse rate were assessed be-
fore and immediately, 5, 15, and 30 minutes follow-
ing 5-minute stepper exercises at 50% MNS. The
examiner was blind to the patient groups. The study
flowchart (Fig 1) illustrates the tests and procedures
performed during the first and second visits.

Assessment of Response to Mechanical
Stimulation and TS

Mechanical TS was assessed using a von Frey
monofilament (No. 5.46, Stoelting) delivering a force
of 26 g. The test was performed on the middle por-
tion of the subject’'s dominant volar forearm before
and immediately, 5, 15, and 30 minutes following the
exercise. A single stimulus and then 29 successive
stimuli were applied within an area of 1 cm in diam-
eter using the same filament. For each session, the
area selected for the repeated stimuli was slightly
different, and the stimuli were applied at 1-second
intervals. An 11-point numeric pain scale (NPS) from
0 to 10 was used for reporting pain intensity at the
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1st, 10th, 20th, and 30th stimuli. The difference be-
tween the 1st and the 30th stimulus scores was con-
sidered the mechanical TS score.®®%* The subjects’
response to the first stimulus (a single stimulus with
no summation effect) before and immediately, 5, 15,
and 30 minutes following the exercise was recorded
as the RMS.

Exercise Protocol and EIH Assessment

EIH was induced by a nonstrenuous step exercise.
At the first visit, subjects were instructed to step the
maximum number of steps (MNS) that they were able
to in 1 minute, and from this, 50% MNS was calcu-
lated (MNS;,). All study participants were requested
to exercise on the stepper at MNS;, for a 5-minute
session while a digital metronome (Pro Metronome,
3.13.2, EUM Lab) assisted the participants in syn-
chronizing and maintaining the pace of their steps
at MNS;, for the entire session. EIH was calculated
as the difference between the TS after and prior to
(baseline) exercise and was evaluated at four time
points: immediately and 5 minutes, 15 minutes, and
30 minutes after the exercise. Negative EIH values
indicate more efficient pain reduction.

Physiologic Parameters

Systolic and diastolic blood pressure along with
heart rate were measured using FDA-approved stan-
dard equipment (Wrist-type Fully Automatic Digital
Blood Pressure Monitor, Model BP-202H) during
the first visit. During the second visit, blood pres-
sure and heart rate were assessed at baseline and
immediately, 5, 15, and 30 minutes following the ex-
ercise. Pulse pressure for each time point measure-
ment was calculated as the difference between the
systolic and diastolic blood pressures. The subjects’
weights were measured using Smart Scale (1byone
Wellness Smart Scale, Model: 700NA-0006), and
height was measured using height indicator tape (KC
Professional 16 ft 3/4" Power Tape, Model: 90018).
BMI was calculated as body mass (kg) divided by the
square of the body height (m).

Questionnaires and Pain Assessment

Anxiety was evaluated during the first visit using the
GAD-7 questionnaire, and the subjects were cate-
gorized based on the total score as having mild (65—
9), moderate (10-14), or severe (= 15) anxiety. JFLS
and GCPS questionnaire scores were also obtained
at the first visit. Pain intensity was assessed with the
11-point NPS during both visits in response to the
mechanical stimulation before and after exercise, as
described earlier. Baseline NPS scores were cat-
egorized as mild (1-3), moderate (4-6), or severe
(7-9) to allow comparisons with GAD-7 and JFLS
scores.?®%6
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Chronic masticatory
muscle pain in patients
(n = 30)

—

First visit

Medical history and BMI assessed;
GAD, GCPS, and JFLS completed;
MNS per minute and MNSg,, calculated

Healthy controls
(n = 30)

Washout period (minimum of 24 hours)

Second visit

v

Baseline mechanical TS assessment;
blood pressure and heart rate recorded

v

Aerobic exercises: Using stepper for 5 minutes,
maintaining a continuous pace with the help of a
digital metronome set to MNS;,

v

TS, blood pressure, and heart rate recorded
immediately, 5, 15, and 30 minutes after exercise

Fig 1 Study flowchart. BMI = body mass index; GAD-7 = Gener-
alized Anxiety Disorder-7; GCPS = Graded Chronic Pain Scale;
JFLS = Jaw Function Limitation Scale; MNS = maximum number
of steps; MNS;, = 50% of MNS; TS = temporal summation.

Data Analyses

The outcome measures distributions were tested for
normality using the Shapiro-Wilk test. The results
indicated that the TS, EIH, RMS, GCPS, NRS, and
BMI outcomes were significantly skewed. Therefore,
nonparametric approaches, such as the Wilcoxon
rank sum test, were used to compare the medians of
the two groups (CMM and HC). In the CMM group,
GAD-7 and NPS scores were divided into mild, mod-
erate, or severe, and the exact Kruskal-Wallis test was
used to compare the medians across the groups. The
Steel-Dwass multiple comparisons method was used
to control the overall type | error in pairwise compar-
isons. The nonparametric Wilcoxon test was used to
analyze repeated outcomes within the group. For nor-
mally distributed outcomes, Student ¢ test was used
to compare the means of the CMM and HC groups,
and multivariate analysis of variance (MANOVA) was
used for the analysis of repeated measures data.
Analysis of variance (ANOVA) was used to compare
the means across multiple groups with Tukey multiple
comparisons method to control the overall type | error
in pairwise comparisons. The alpha was set at .05.
Statistical analyses were performed using JMP Pro
13.0.0 (SAS Institute).
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Fig 2 Mechanical temporal summation (TS) in the CMM and HC
groups. Data are presented as mean * standard error of the mean.
In both the CMM and HC groups, the response to the 30th stimu-
lus was significantly higher than the 1st stimulus. 2Significant dif-
ference between groups (P < .001). "Significant reduction in TS
score compared to baseline (P < .006).
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Fig 3 Exercise-induced hypoalgesia (EIH) in the CMM and HC
groups. Data are presented as mean * standard error of the mean.
2Significant difference (P = .003).

@ CMM
2.2 1 OHC
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Baseline Immediately 5 min 15 min 30 min

Following exercise

Fig 4 Patient response to mechanical stimulation (RMS), quan-
tified by a numeric pain scale (NPS), to a single 26-g stimulus
before and immediately, 5, 15, and 30 minutes following the exer-
cise. Data are presented as mean * standard error of the mean.
aSignificant reduction compared to baseline (P < .05).
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Results

A total of 60 subjects were included in this study:
30 in the CMM group and 30 in the HC group. The
CMM group was comprised of 21 women and 9 men,
and the HC group of 17 women and 13 men. The
mean age of patients in the CMM group was 33.13
* 9.98 years (range 23 to 60) and of the subjects in
the HC group was 32.9 + 8.87 years (range 25 to
56) (P = .96).

Effects of Exercise on TS

At baseline, a significant summation effect was
observed in both the CMM and HC groups: the
response to the 30th stimulus was significantly
higher compared to the 1st stimulus (P < .0001).
CMM patients had a significantly higher TS score
compared to the HC group (P < .001) at all time
points before and after exercise (Fig 2). Age and
gender had no significant effect on TS in either
group (P > .05).

Exercise had a significant inhibitory effect on TS
in both groups. The effect in the HC group was more
robust immediately following the exercise (compari-
son of percent changes from baseline, P < .05) and
lasted longer. In both groups, significant reduction
in the TS score compared to baseline was observed
immediately, 5 minutes, and 15 minutes following
the exercise; however, while significant reduction
was still observed after 30 minutes (P = .006) in
the HC group, in the CMM group, the effect on TS
diminished and was no longer significantly different
compared to baseline 30 minutes following exercise
(P =.1) (Fig 2).

Exercise-Induced Hypoalgesia

The CMM group demonstrated significantly less effi-
cient EIH (difference between the TS after and prior
to exercise) compared to the HC group immediately
following the exercise (P = .003) (Fig 3). There was
no significant difference in EIH evaluated at 5, 15, or
30 minutes following exercise between the CMM and
HC groups (P > .05). No significant differences in
EIH were found between men and women immedi-
ately, 5, 15, or 30 minutes after exercise in either the
CMM or HC group (P > .05), and age had no signifi-
cant effect on EIH in either group (P > .05).

Effects of Exercise on RMS

RMS (response to the 1st stimulus) in the HC group
significantly decreased following exercise (P =.0362)
and gradually returned to baseline levels 15 and 30
minutes following exercise. In the CMM group, the
RMS decreased significantly compared to baseline
scores at 15 (P = .02) and 30 (P = .0001) minutes
following exercise (Fig 4).
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The response to the 30th stimulation in both
groups was significantly higher than the 1st stimu-
lus (P < .0001) at baseline (Fig 5a) and 5, 15, and
30 minutes following exercise (Figs 5¢, 5d, and 5e).
Immediately following exercise, the response to the
30th stimulus in the CMM group, but not in the HC
group (P = .8), was significantly elevated compared
to the 1st response (P < .0001) (Fig 5b). The pain
scores in response to the 10th, 20th, and 30th stim-
uli were significantly higher in the CMM group com-
pared to the HC at baseline and immediately, 5, 15,
and 30 minutes following exercise (P < .01).

Physiologic Parameters
The physiologic parameters scored are presented in
Table 1.

Body Mass Index. No significant differences
were found between the BMI of the CMM and HC
groups (Wilcoxon rank sum, P = .89).

Diastolic Blood Pressure. Significant differences
in diastolic blood pressure were found between the
CMM and HC groups at baseline (P = .02), immedi-
ately (P = .04), and 30 minutes (P = .045) following
exercise. The 5 minutes of nonstrenuous step exer-
cise had no significant effect on diastolic blood pres-
sure in either group (P = .89).

Systolic Blood Pressure. No significant differ-
ences in systolic blood pressure were found between
the CMM and HC groups (P = .47). Five minutes of
nonstrenuous exercise did not have a significant effect
on systolic blood pressure in either group (P = .99).

Pulse Pressure. No significant differences in
pulse pressure were found between the CMM and
HC groups (P = .52). Five minutes of nonstrenuous

Table 1 Physiologic Parameters Before and

After Nonstrenuous Exercise

CMM HC
Baseline
BMI 256.15 + 5.91 23.66 + 2.64
Diastolic blood pressure*  67.17 + 6.91 71.2 £ 552
Systolic blood pressure 106.9 £ 11.87  109.23 + 7.97
Pulse pressure 39.73 £ 10.7 38.03 £ 6.59
Heart rate 72.56 £ 1117 7323 £ 12.2
Immediately after
Diastolic blood pressure*  67.33 + 5.71 70.33 + 5.46
Systolic blood pressure 106.6 £ 11.07  108.17 £ 9.22
Pulse pressure 39.27 + 8.87 3783 £ 7.44
Heart rate 72,03 £ 10.63  73.83 £ 11.67
5 min after
Diastolic blood pressure 67.27 £ 6.16 70 £ 5.25
Systolic blood pressure  1056.63 = 10.63 10753 + 10.37
Pulse pressure 38.37 £ 7.34 3763 + 8.92
Heart rate 71.03 £ 10.48 735 £ 11.95
15 min after
Diastolic blood pressure 67.33 £ 5.6 69.9 £ 6.33
Systolic blood pressure 106.4 £ 12.63 107.2 £ 9.93
Pulse pressure 38.07 + 10.36 37.3 £ 7.77
Heart rate 71.57 £ 11.156 73.2 £ 11.64
30 minutes after
Diastolic blood pressure*  67.23 + 5.09 70.03 £ 5.63
Systolic blood pressure 106.2 £ 12.11 107.57 £ 11.14
Pulse pressure 38.97 £ 9.35 3753 + 10.57
Heart rate 71.67 £ 11.24 7317 £ 11.79

All data are reported as mean * standard deviation. BMI = Body Mass
Index. *Significant difference (P < .05).

exercise did not have a significant effect on pulse
pressure in either group (P = .82).

Heart Rate. No significant differences in heart
rate were found between the CMM and HC groups
(P = .57). Five minutes of nonstrenuous exercise did
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Fig 6 (a) Association between pain as rated on a numeric rating scale (NPS) and anxiety as rated on the Generalized Anxiety Disorder-7
(GAD-7), grouped into mild (5—9), moderate (10-14), and severe (15—21). 2Significant difference compared to severe anxiety. (b) Asso-
ciation between pain as rated on NRS, grouped into mild (1-3), moderate (4—6), and severe (7-9), and Jaw Function Limitation Scale

(JFLS) scores. 2Significant diference compared to severe pain.

not have a significant effect on HR in either group
(P = .59).

Anxiety, Jaw Function, and Pain Status
Questionnaires

GAD-7 Score. CMM patients demonstrated sig-
nificantly higher anxiety as measured by GAD-7
scores compared to the HC group (Student t test,
P < .0001). Because the GAD-7 scores in the HC
group were uniformly equal to O, no further analyses
with other outcomes were done in this group. Linear
regression analysis did not find a significant associ-
ation between CMM GAD-7 scores and EIH (P = .1)
or TS (P = .8).

NPS Score at Baseline. CMM patients demon-
strated significantly higher NPS scores at baseline
compared to HC (P < .0001). Because in the HC
group NPS scores were uniformly equal to 0, no fur-
ther analyses with other outcomes were done in this
group. Regression analysis did not find a significant
association between NPS scores and EIH or TS in
the CMM group.

There was a significant association between the
GAD-7 scores and NPS in the CMM group (P = .006).
To further evaluate the association between anxiety
levels and pain levels in the CMM group, the GAD-
7 scores were grouped into mild (5-9), moderate
(10-14), and severe (15—21). Nonparametric compar-
isons for all pairs using the Steel-Dwass method for
multiple comparisons were done to identify significant
differences in NPS scores between different levels of
anxiety in the CMM group. CMM patients with severe
anxiety had significantly higher NPS scores (7.33 +
0.58) compared to those with moderate (3.8 + 1.52,
P = .03) or mild (3.45 + 1.21, P = .03) anxiety (Fig
6a). No significant difference in NPS scores was ob-
served in CMM patients with moderate compared to
mild anxiety (P = .88).

148 Volume 33, Number 2, 2019

JFLS Scores. CMM patients demonstrated sig-
nificantly higher JFLS scores (1.92 * 1.34) compared
to the HC group (0.00 £ 0.00, P < .0001). Because
the JFLS scores in the HC group were uniformly
equal to 0, no further analyses with other outcomes
were done in this group. No significant associations
between JFLS and EIH or TS were observed in the
CMM group. There was a significant association be-
tween the JFLS and NPS scores in the CMM group
(P =.01).

Based on NPS scores, the CMM group was di-
vided into those with mild (1-3), moderate (4-6),
and severe (7-9) pain intensity. CMM patients with
severe pain had significantly higher JFLS scores
(3.67 = 0.67) compared to moderate (1.64 + 1.17,
P =.02) or mild (1.66 + 1.24, P = .02) pain (Fig 6b).
No significant differences in JFLS scores were found
between the CMM patients with mild and moderate
pain (Tukey, P = 1).

GCPS Scores. The CMM group demonstrat-
ed significantly higher GCPS scores (2.53 + 0.94)
compared to the HC group (0.00 £ 0.00, P < .0001).
GCPS scores were uniformly equal to O in the HC
group; therefore, no additional analyses were per-
formed with GCPS in this group. No significant as-
sociations between GCPS and EIH, TS, or GAD-7
scores were observed in the CMM group.

Discussion

The etiology of CMM is not fully understood; how-
ever, the condition has been associated with anxi-
ety, depression, mood, and stress-related disorders.
There is currently no standard treatment for CMM,
and the treatments range from pharmacologic and
behavioral interventions to trigger point injections, or-
thotic appliances, and physical therapy. Additionally,
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the effectiveness of the available therapies varies
widely from patient to patient."®%” Exercise has been
shown in multiple contexts to alleviate different kinds
of pain and is incorporated into treatment protocols
for a wide range of conditions.?"23726 |n this study,
the role of a nonstrenuous step exercise was eval-
uated as EIH in CMM patients and healthy controls.
Mechanical TS and RMS before and after a 5-minute
exercise during which the subject stepped at a rate
of half their capable maximum number of steps per
minute were measured.

Prior to exercise, it was found that CMM patients
exhibited higher baseline mechanical TS, and fol-
lowing exercise, it was found that EIH in the CMM
group was less efficient than in the HC group. The
augmented response to repeated stimulation and
the less efficient modulation of pain demonstrated
in CMM patients are in line with previous reports on
faulty modulation of pain in patients suffering from
other chronic pain conditions.34-36:58,58,59

Although exercise is one of the methods com-
monly used to assess the inhibitory pain modulation
system'®? and to demonstrate less efficient modula-
tion in chronic pain patients,*¢:6-83 the majority of the
studies on TMD or CMM patients were performed by
employing the conditioned pain modulation (CPM)
paradigm, whereby a painful conditioning stimulus in-
hibits the test stimulus (pain inhibits pain).

EIH and CPM are correlated and share common
mechanisms. Both activate the opioid, cannabinoid,
serotonergic, noradrenergic, and dopaminergic sys-
tems'6:30.8147.64-66 gnd interact with the cardiovas-
cular system.®”-%® Moreover, CPM can predict EIH
extent in healthy subjects,”®”" and triathletes appear
to have more efficient CPM.” Yet, CPM and EIH are
not identical. An important difference is the effect
duration—while CPM effect is limited to the time at
which the conditioning painful stimulus is provided,
EIH endures beyond the exercise period.”® Therefore,
the hypoalgesic effect duration is an aspect that can
be studied with EIH, but not with CPM.

In this study, differences were found in the ef-
fect duration and timing between the groups. Thirty
minutes following the nonstrenuous exercise, the TS
score in the HC group remained significantly lower
than baseline, while in the CMM it returned to base-
line. The RMS to a single stimulus in the HC group
significantly decreased immediately following the
exercise and then gradually returned to baseline lev-
els. In the CMM group, no significant effect was ob-
served immediately following the exercise; however,
significant reduction was noted 15 and 30 minutes
after the exercise (Fig 4). This suggests that CMM
patients’ pain modulation is both suppressed and has
a different pattern related to the effect duration and
timing. It is important to note that this was observed
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only in a single stimulus RMS, not in the overall EIH
or TS effect. The augmented summation and less ef-
ficient EIH seen in CMM and other chronic pain con-
ditions may have a masking effect on the probably
subtler and delayed positive effect on pain.

Aerobic exercise is successfully incorporated
into the management of fibromyalgia®'” and other
chronic pain syndromes, such as osteoarthritis” or
rheumatoid arthritis,”® in spite of minimal hypoalgesia
or even occasionally worsening symptoms during or
after exercise.”” The hypoalgesic effect not evident
following a single exercise session may develop fol-
lowing repeated sessions. Most of the studies did
not evaluate the hypoalgesic effect timing that was
demonstrated in this study.

The lack of consistency in the exercise proto-
cols used to study EIH may have led to conflicting
findings. Exercise intensity and length have a role in
determining the extent of hypoalgesia,'””® and dif-
ferences have also been demonstrated between the
effects induced by isometric muscle contraction and
aerobic exercise.”® Longer or more intense exercise
protocols can also induce or increase existing pain,
mainly in patients suffering from acute or chronic
musculoskeletal pain.'®#® To minimize additional pain
induced by exercise in the present study, primarily in
the CMM group, a submaximal aerobic exercise pro-
tocol was used. Several aerobic exercise protocols
were explored, and it was found that 50% maximal
activity for 5 minutes on a stepper consistently in-
duced hypoalgesia with minimal discomfort or aches
and without a significant increase in blood pressure
or heart rate.

Previous studies have shown high-intensity tread-
mill exercises to be necessary for inducing hypoalge-
sic effects,”® whereas the present study shows that
a nonstrenuous, submaximal stepper exercise may
be enough to induce hypoalgesia in CMM patients.
This in turn could make EIH a more attainable reality
for patients who have difficulty engaging in intensive
exercise for various reasons, including physical or
mental barriers. The differences from previous stud-
ies may be related to the use of a stepper and not the
more commonly used treadmill running, and perhaps
also related to the carefully selected intensity and du-
ration of the activity. Furthermore, stepper exercises
may involve dynamic resistance exercises in addition
to the typical aerobic activity.

An association between pain perception and
blood pressure, as well as lower systolic blood pres-
sure during exercise, has been reported in previous
studies.8%782 Aerobic and isometric exercises are of-
ten accompanied by an increase in blood pressure
and heart rate, and although these rises have been
observed in combination with changes in sensitivity
to painful stimuli,83-8° a direct association between
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blood pressure and EIH has not been demonstrat-
ed.588687 Significant increases in blood pressure or
heart rate were not observed in the current study,
probably due to the relatively low-intensity exercise
protocol that did not stimulate significant changes in
those parameters. Diastolic blood pressure in CMM
patients was significantly lower than in HC patients at
baseline and following exercise. This finding is in line
with a previous report®® that found similarly lower dia-
stolic blood pressure at rest in CMM patients; it was
suggested that this was the result of an increase in
peripheral fluid volume and local vasodilation with no
increase in the overall volume induced by an increase
in norepinephrine, 5-HT, and epinephrine levels at the
brainstem.

Significant differences in BMI were not found
between the CMM and HC groups; however, it has
been suggested in previous studies that obese pa-
tients are at a higher risk of developing chronic pain.®®
Therefore, adding exercise to CMM patients’ treat-
ment protocols may have a positive effect on their
pain levels in addition to a possible positive effect on
their overall health.

Contrary to previous studies that demonstrated a
reduction in pain modulation efficiency with increased
age,®® no significant associations between either TS
or EIH and age were found. This may be related to
the fact that 80% of the subjects enrolled in the study
were between 25 and 40 years old. Previous studies
have demonstrated significant changes in pain mod-
ulation in age groups older than those included in the
current study.®’

As expected, the JFLS and GCPS scores were
higher in the CMM patients and were associated with
the CMM patients’ pain scores. However, no associ-
ations were found with TS or EIH scores, suggesting
different and perhaps independent mechanisms for
the hypoalgesic effect induced by exercise.

Various studies show anxiety to be associat-
ed with different chronic pain conditions, including
CMM and TMD.®*2-%° Consequently, higher GAD-7
scores in CMM patients than in controls were found,
and among CMM patients, those with severe anxiety
(as characterized by an increased GAD-7) also ex-
hibited higher pain scores. Interestingly, similar to the
JFLS and GCPS scores, the anxiety levels had no as-
sociation with either TS or EIH scores.

The inherent study limitations include response
bias of the self-report questionnaires, as well as a
possible Hawthorne effect of subjects modifying
their behavior while being observed during the exer-
cise and assessment of pain and TS. Additionally, the
present study sample included a majority of women.
It could be of interest for future studies to measure
the total duration of the hypoalgesic effects beyond
the 30 minutes measured in this study.
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Conclusions

The positive effect of exercise on pain shown in this
and other studies, as well as its known positive ef-
fect on mental health,®®-98 make exercise an enticing
treatment modality for CMM patients that should be
further explored. However, the lack of an immediate
hypoalgesic effect and the potential increase in pain
during exercise can contribute to chronic pain pa-
tients’ low compliance with exercise treatment pro-
tocols. Therefore, the recognition that nonstrenuous
exercises can induce hypoalgesia and alleviate pain
for people afflicted with CMM may facilitate the in-
clusion of exercise as a treatment protocol and make
EIH more accessible to chronic pain patients. A
stepper exercise may not be suitable for all; there-
fore, different protocols and forms of exercise should
be explored as well. Further studies are needed to
explore the mechanism underlying the delayed anal-
gesic effect demonstrated in CMM patients and its
relevance to potential treatment protocols.
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