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Abstract

Background and aims: Chronic pain is affecting a growing
number of individuals including adolescents. Different
endogenous pain inhibitory systems could confer protec-
tion against development of chronic pain. Decreased pain
perception can be observed following intense pain (i.e. con-
ditioned pain modulation — CPM) or after physical exercise
(i.e. exercise-induced analgesia — EIA). Reduced effective-
ness of pain inhibitory mechanisms have been reported
in several chronic pain conditions. However, the extent of
these dysfunctions has not been thoroughly investigated
in adolescents suffering from chronic pain. Our hypothesis
was that adolescents suffering from chronic pain have less
effective CPM and EIA than pain-free teenagers.

Methods: Twenty-five healthy adolescent girls and 16
teenage girls with chronic pain participated in this study.
Only girls were included in this investigation, since
chronic pain is more prevalent in females. The effective-
ness of CPM was assessed by comparing heat pain stimu-
lations (individually adapted to induce mild pain inten-
sity) performed with a thermode before and after a cold
pressor test (CPT; 2min, 10 °C). EIA was evaluated by com-
paring pain intensity produced by an ice cube placed on
the forearm before and after a graded exercise test on a
cycle ergometer.
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Results: Pain intensity produced by heat pain stimula-
tions decreased following CPT in healthy (p <0.05), but
not in chronic pain adolescent girls (p=0.4). Pain inten-
sity induced by the ice cube was reduced after exercise
in healthy (p <0.05), but not in chronic pain adolescents
(p=0.9). The effectiveness of CPM and EIA was inferior
in teenage girls suffering from chronic pain compared to
healthy participants (p < 0.05).

Conclusions: Endogenous pain inhibitory mechanisms
triggered by intense pain or by physical exercise are effec-
tive in healthy adolescent girls. Teenage girls living with
chronic pain do not show diminished pain perception
after a CPT or a graded exercise test. These results suggest
that pain inhibitory mechanisms such as CPM and EIA are
ineffective in adolescent girls suffering from chronic pain.
Implications: In a wider context, the findings of the pre-
sent research could help understand better the mecha-
nisms involved in the development of chronic pain.
Improved comprehension of this subject might help pre-
vent chronic pain conditions and thus, reduce the nega-
tive impacts of this burden.

Keywords: chronic pain; conditioned pain modulation;
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1 Introduction

Chronic pain affects many children and adolescents [1-3].
The negative consequences of chronic pain on quality of
life, psychological status and physical function are well
established in the pediatric population, occasioning
missed school days and reduced social activities [4]. Fur-
thermore, the presence of chronic pain during childhood
and adolescence can persist to adult age [5, 6]. Chronic
pain is a challenging condition to treat requiring multi-
disciplinary approaches and long-term follow-up thus,
generating an important socio-economic burden [7, 8].
Therefore, we consider that prevention of chronic pain
is of great importance and a better comprehension of the
mechanisms leading to pain chronicity is required.
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The development of chronic pain is thought to depend
on many variables (physiological, psychological, genetic,
etc.) [9, 10]. Notably, different endogenous mechanisms
can augment or inhibit pain sensations [11, 12]. For
instance, conditioned pain modulation (CPM) relates to
the reduced pain sensations experienced in the entire body
following an intense pain sensation (i.e. counter-irritation
or pain inhibits pain effect) [13]. Reduced CPM effective-
ness has been reported in adults suffering from several
chronic pain conditions such as fibromyalgia, irritable
bowel syndrome and atypical trigeminal neuralgia [14].
Interestingly, healthy individuals with lower pre-operative
CPM activity have increased risk to develop chronic pain
following surgery [15]. However, few studies investigated
CPM effectiveness in children or adolescents. Weaker CPM
effects have been observed in children (aged between 7
and 11 years old) that were born preterm and that experi-
enced numerous painful interventions during the neonatal
period compared to preterm children that did not receive
many painful medical procedures or full-term children
[16]. These results suggest that painful stimuli, particularly
at a very young age, could alter the development and func-
tion of pain inhibitory mechanisms such as CPM. A study
conducted on children and adolescents (aged between 10
and 17 years old) showed that poorer CPM and female sex
were good predictors of pain persistence 4 months follow-
ing appearance of musculoskeletal pain complaints [17].
Thus, assessment of CPM effectiveness, and possibly other
pain inhibitory systems, could help identify adolescent
girls at risk of developing long-lasting/chronic pain.

Exercise-induced analgesia (EIA) is another endog-
enous pain inhibitory mechanism implying reduced pain
perception after an intense physical activity [18]. Physical
exercise can be used to relieve pain in various chronic pain
conditions such as chronic low back pain [19], chronic
neck pain [20], osteoarthritis [21], migraine [22] and fibro-
myalgia [23]. Interestingly, endogenous pain inhibitory
mechanisms such as CPM and EIA involve similar neu-
ronal pathways [11]. Stolzman and Bement showed that
more effective CPM is related to greater EIA in adolescents
[24]. However, endogenous pain inhibitory mechanisms
such as CPM and EIA have not been extensively investi-
gated in adolescents suffering from chronic pain. Since
chronic pain is more prevalent in women [25, 26], we
decided to focus our study on female adolescents. Our
hypothesis is that adolescent girls with chronic pain have
reduced pain inhibition resulting from intense pain (i.e.
CPM) and from physical exercise (i.e. EIA). The purpose of
this investigation was to evaluate CPM and EIA effective-
ness in adolescent girls suffering from chronic/recurrent
pain and in healthy adolescent females.
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2 Methods

2.1 Participants

Female adolescents were recruited in different high
schools from Sherbrooke, Quebec, Canada. Inclusion cri-
teria were female aged between 15 and 17 years old, suffer-
ing or not from chronic or recurrent pain. Only girls were
included in this study based on the higher prevalence of
chronic pain in females [25, 26]. Participants included in
the chronic pain group had to be suffering from chronic
or recurrent pain, defined as pain (headache/migraine,
musculoskeletal, articular, gastrointestinal or gynecologi-
cal) at an intensity of >3/10, at least once or twice a week
for more than 3 months. Exclusion criteria were prema-
turity (<37 weeks of gestation), use of tobacco products,
use of illicit drugs, cardiac or pulmonary disease (includ-
ing asthma and upper respiratory tract infection at the
moment of experiment), endocrine or metabolic disease.
Participants were screened using a questionnaire, physi-
cal examination, electrocardiogram and spirometer to
rule out any contraindications to cycle ergometer testing
for aerobic fitness measurements.

All participants were asked to refrain from using anal-
gesic medication at least 24 h prior to experimentation.
Experimental procedures were held during the summer-
time not to interfere with school schedule. All procedures
were approved by the Ethics Committee of the Centre Hos-
pitalier Universitaire de Sherbrooke (CHUS). Participant
and parent (or legal guardian) consent were obtained
(complying with the requirements of the Declaration of
Helsinky, 2013).

2.2 Pain evaluations

A numeric rating scale (0: no pain-10: most intense pain
tolerable) was used to verbally rate pain intensity during
the experimental pain stimulations. The numeric rating
scale has been shown to have good validity and reliability
for pain intensity evaluation in a pediatric population [27].

2.3 Heat pain stimulations (thermode)

A 30x30 mm thermode (TSA-II, Medoc advanced medical
systems, Ramat Yishai, Israel) was used to induce thermal
pain stimulations. Prior to actual testing, the thermode
was placed in the palm of the left hand to familiarize par-
ticipants to the heat pain stimuli, and to the experimental
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pain rating scale. During all subsequent heat pain tests
the thermode was placed on the volar part of the left
forearm. Thermode temperature was initially set to 37 °C
and increased at a fixed rate of 0.3 °C/s. Participants were
instructed to report when the sensation produced by the
thermode changed from heat sensation to minimal pain
(heat pain threshold) and when the pain could no longer
be sustained (heat pain tolerance). This procedure was
completed twice for every participant, and the mean of the
two trials was retained. The thermode was placed on adja-
cent areas of the forearm for every trial to avoid primary
skin hyperalgesia.

After heat pain threshold/tolerance assessments, the
thermode was applied on the volar part of the left forearm
for 5 s at constant temperature. During heat pain stimula-
tions, the temperature was individually adapted to produce
mild (30%) pain intensity (based on previously evaluated
heat pain threshold and tolerance values. The following
formula was used to determine the temperatures to use
to induce mild pain: [0.3 (heat pain tolerance —heat pain
threshold)] + heat pain threshold. Participants were asked
to evaluate the pain intensity immediately after the heat
pain stimulations (5 s). This procedure was done before
and after the cold pressor test (CPT — see Section 2.4) using
the same temperature. Participants were not informed the
thermode temperature used before and after cold water
immersion was the same to reduce expectations. The
effectiveness of CPM was evaluated by comparing the pain
intensity of the heat pain stimulation performed before
and after the CPT.

2.4 Cold pressor test (CPT)

Participants had to immerse their right forearm in a bath
of circulating cold water (10 °C) for 2 min. Participants
were instructed not to move or contract their arm during
the immersion. The CPT was used as a conditioning stimu-
lus to activate CPM.

2.5 Cold pain stimulations (ice cube test)

A 2x 2 cm ice cube held with a plastic clamp was placed
on four different sites of the left arm (volar portion) of
the participants for 10 s. Pain intensity was evaluated
with a verbal numeric rating scale at the end of the pro-
cedure. The ice cube tests were done before and after the
graded exercise test (see Section 2.4). Mean pain intensity
of the four trials (before and after physical exercise) are
presented.
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2.6 Graded exercise test

Participants performed a maximal oxygen capacity
(VO,max) test on a cycle ergometer (Ergometrics 900,
Ergoline GmbH, Bitz, Germany). The test began after
a 3-min warm-up at 60 revolutions per minute (RPM)
without resistance. Resistance was gradually added with
a ramp protocol. Rate of workload increment was indi-
vidualized to reach the maximal theoretical aerobic power
between 8 and 12 min (increments 15-30 W/min) [28, 29].
Participants were encouraged to keep a constant rate of
approximately 60 rpm throughout the procedure. Exercise
continued until at least three of the VO,max criteria were
obtained [30]: (1) a plateau of VO, in spite of the increase
of workload, (2) maximal heart rate (maximal predicted
heart rate +5%), (3) respiratory exchange ratio>1.1, and
(4) inability to maintain the pedaling frequency at 60 rpm
(exhaustion).

2.7 Experimental procedure

Participants were comfortably seated in a calm room at
the clinical research center of the CHUS. After determina-
tion of heat pain threshold and heat pain tolerance values,
heat pain stimulations at mild intensity (30%) were com-
pleted. Heat pain stimulations were performed before and
immediately after the CPT in order to evaluate CPM. After
completing the CPM test, the participants filled-out differ-
ent questionnaires to describe their socio-demographic
and psychological characteristics. Socio-demographic
information (age, time spent doing physical activities,
etc.) was collected with a home-made questionnaire.
Sleep quality was evaluated with the Pittsburgh Sleep
Quality Inventory (PSQI). A standardized questionnaire
on physical activity (including type, frequency, intensity
and duration of physical activities) was completed by
the participants [31]. The Pain Catastrophizing Scale, the
State Trait Anxiety Inventory and the Children Depression
Inventory were administered to assess psychological char-
acteristics. Participants were allowed to eat a light meal or
snack after completing the CPM evaluation.

Participants were then taken to the respiratory func-
tion lab at the CHUS. A 2-h interval separated CPM and
EIA evaluations to avoid carry-over effects of CPM during
EIA assessments. Physical characteristics (height, weight,
sum of skinfold thickness) and spirometry were carried
out. Pre-exercise ice cube tests were done and the par-
ticipants then undertook the graded exercise test used to
activate EIA. The post-exercise ice cube tests were realized
after the end of the graded exercise test (<5 min after).
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2.8 Statistical analyses

The effectiveness of CPM was evaluated by calculating
the percentage of change in pain intensity for the heat
pain stimulations (thermode) before and after the CPT
using the following formula: 100[(thermode pain inten-
sity before CPT-thermode pain intensity after CPT)/
thermode pain intensity before CPT]. The effectiveness
of EIA was assessed similarly by calculating the change
in pain intensity of the ice cube test before and after the
graded exercise test using the following formula: 100[(ice
cube test pain intensity before exercise —ice cube test pain
intensity after exercise)/ice cube test pain intensity before
exercise]. Higher CPM or EIA values represent more impor-
tant pain inhibition following the CPT or graded exercise
test, respectively.

All analyses were conducted using SPSS (version 19.0;
IBM, New York, NY, USA). Group differences (healthy and
chronic pain participants) were evaluated with independ-
ent sample t-tests. Paired sample t-tests (repeated meas-
ures) were used to compare pain intensity assessments for
the heat pain stimulations before and after CPT (or for the
ice cube tests before and after graded exercise). All data
are given as mean and standard error of the mean (SEM).
Statistical significance was set at p <0.05.

3 Results

3.1 Participant characteristics

A total of 47 adolescent girls were recruited in this study.
Six participants were excluded (two suffered from asthma,
unknown prior to inclusion of the study; one was born pre-
maturely and three did not complete the entire experimen-
tal procedures). The final analyses included 25 healthy
(age=15.8+0.2 years); and 16 teenage girls with chronic/
recurrent pain (age=15.7+0.2 years). Healthy girls had
less sum of skinfold thickness compared to chronic pain
teenagers (p=0.009) (Table 1). Healthy teens tended to be
more physically active then girls suffering from chronic
pain (p=0.06). Teenage girls with chronic/recurrent pain
showed lower VO, max compared to healthy adolescents
(p=0.004).

Psychological characteristics of the participants
are presented in Table 2. State anxiety was compara-
ble between groups, although trait anxiety tended to be
higher in the chronic pain group compared to healthy girls
(p=0.09). Teenage girls in the chronic pain group had
more depressive symptoms and less healthy sleep quality
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Table 1: Physiological characteristics.
Variable Healthy (n=25) Pain (n=16)
mean (SEM) mean (SEM)
Age (years) 15.8(0.2) 15.7 (0.2)
BMI (kg/m?) 21.5(0.5) 21.5(0.9)
Sum of skinfold thickness (mm) 39.1(0.9) 43.0 (1.1)°
Physical activity (h/week) 15.2 (1.7) 10.4 (1.7)

VO,max (mL/min) 1,978.9 (48.1) 1,718.6 (73.5)

SEM=standard error of the mean; BMI=body mass index;
VO,max=maximal oxygen uptake. ?p <0.05 for difference between
healthy and chronic pain groups.

Table 2: Psychological characteristics.

Variable Healthy (n=25) Pain (n=16)

mean (SEM) mean (SEM)
State anxiety (STAI) 32.2(1.3) 35.4(1.9)
Trait anxiety (STAI) 35.8(1.9) 39.8 (1.4)
Depression symptoms (CDI) 8.8(0.9) 14.6 (1.7)?
Pain catastrophizing scale 16.5(1.8) 19.9 (2.5)
Sleep quality (PSQI) 4.3 (0.5) 7.1(0.8)*

STAl =state and trait anxiety inventory; CDI=children’s depression
inventory; PSQl =pittsburgh sleep quality inventory. 2p <0.05 for dif-
ference between healthy and chronic pain groups.

compared to the pain-free group (p=0.002 and p=0.003,
respectively).

3.2 Conditioned pain modulation (CPM)

A statistically significant reduction in pain intensity
induced by heat pain stimulations performed after the
CPT was observed in healthy adolescent girls (3.0+0.2
before CPT vs. 2.2+0.2 after CPT; t=4.0, p=0.0006). On
the other hand, teenage girls suffering from chronic pain
did not show pain intensity modifications during heat
pain stimuli realized after the CPT (3.2+ 0.3 before CPT vs.
3.0+0.2 after CPT; t=0.8, p=0.4). Pain intensity evalua-
tions for heat pain stimulations completed before the CPT
were comparable between healthy and chronic pain ado-
lescents (3.0 £ 0.2 healthy vs. 3.2+ 0.3 pain; t=0.5, p=0.6).
The effectiveness of CPM was greater in healthy par-
ticipants compared to adolescent females suffering from
chronic pain (26.7 £8.1vs. -1.9+9.6; t=2.2, p=0.03, Fig. 1).

3.3 Exercise-induced analgesia (EIA)

In the healthy adolescent girls group, pain intensity
induced by the ice cube test significantly decreased
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Fig. 1: Conditioned pain modulation (CPM) effectiveness (%) in
healthy and in chronic pain adolescent girls. *p <0.05 for the differ-
ence in CPM effectiveness between groups.

after physical exercise (3.5+0.5 before vs. 2.7+ 0.4 after
exercise; t=3.7, p=0.001). However, adolescents suffer-
ing from chronic pain did not show a significant reduc-
tion in pain intensity during the ice cube tests performed
before and after the graded exercise test (3.1£0.7 before
vs. 3.1+£0.7 after exercise; t=0.2, p=0.9). Pain intensity
evaluations for the ice cube test before the graded exer-
cise test were comparable between healthy and chronic
pain adolescents (3.5 + 0.5 healthy vs. 3.1+ 0.7 pain; t=0.6,
p=0.6). The effectiveness of EIA was greater in healthy
participants compared to adolescent females suffering
from chronic pain (23.8 +6.1 healthy vs. -12.0+11.2 pain
t=3.1, p=0.004, Fig. 2).

Exercise-induced analgesia (%)

—15 4

_25 -
O Healthy

B Pain

Fig. 2: Exercise-induced analgesia (EIA) effectiveness (%) in healthy
and in chronic pain adolescent girls. *p <0.05 for the difference in
EIA effectiveness between groups.
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4 Discussion

The main objective of this study was to evaluate the effec-
tiveness of two endogenous pain inhibitory mechanisms
(CPM and EIA) in healthy adolescent girls and in teenage
girls suffering from chronic pain. Our results show that
pain inhibition resulting from painful cold water immer-
sion (i.e. CPM) or from intense physical activity (i.e. EIA) is
lower in adolescents suffering from chronic pain compared
to pain-free adolescents. More specifically, pain intensity
significantly decreased after conditioning stimuli (CPT)
and graded exercise test in healthy adolescent girls, but
not in teenagers with chronic pain. This pattern of results
suggests that central pain suppressing mechanisms are
less effective in adolescent girls with chronic or recurrent
pain.

Neuronal circuits that modulate pain are believed
to confer protection from acute but, also chronic pain.
Therefore, we believe that evaluation of endogenous
pain inhibitory mechanisms such as CPM and EIA at a
young age could help in the prevention of chronic pain.
However, we do not know if endogenous pain inhibi-
tory controls were ineffective prior to the development
of chronic pain or if this is a consequence of persistent
pain. A longitudinal study evaluating pain inhibitory
mechanisms in healthy individuals could help deter-
mine the direction of this relationship. Yarnitsky and
colleagues observed that adult pain-free patients with
reduced CPM effectiveness before a surgical procedure
(thoracotomy) had higher risk to develop postoperative
chronic pain [15].

Our results confirm previous observations of altered
psychological characteristics such as depressive symp-
toms and anxiety in children and adolescents suffering
from chronic pain, even at this younger age [32, 33]. Ado-
lescence is generally considered as a period of heightened
stress and turmoil. Stress-induced analgesia, another
endogenous pain inhibitory mechanism, should also be
investigated in teenagers reporting chronic pain.

We also observed diminished sleep quality in adoles-
cent girls with chronic/recurrent pain. Interestingly, sleep
disturbances in adolescents living with chronic pain have
been reported [34] and individuals suffering from chronic
fatigue syndrome (CFS) have been shown to present hyper-
algesia and abnormal pain processing during intense
physical activity [35]. More research is needed to investi-
gate the relationship between chronic pain, sleep distur-
bances and physical activity. The consequences of chronic
pain on social activities or school performance were not
evaluated in this study, but should be documented in
future studies.
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We acknowledge that some limits to the present inves-
tigations should be considered. The analyses presented
were explorative and not of confirmatory nature. Our
findings should be replicated in a larger sample. Post-
exercise thermoregulatory processes such as peripheral
vasodilatation and sweating could have affected cold and
pain sensations during the ice cube tests done after the
graded exercise test. Furthermore, the graded exercise test
causes musculoskeletal pain in most participants. This
pain could have triggered CPM effects in some individuals
and may have influenced EIA evaluations. Persistent pain
could also restrain the ability to perform intense physical
activities and influence physical tests performance. The
relative absence of pain-inhibitory effects (and potentially
increased pain) following physical activities could dis-
suade teenagers to adopt the guidelines.

In conclusion, our results show that pain-free adoles-
cent girls can effectively trigger endogenous pain inhibi-
tory controls. More precisely, healthy adolescent girls
have diminished pain after noxious immersion of the
arm (CPM) and also following intense physical activity
(EIA). On the other hand, adolescent girls suffering from
chronic pain did not report a reduction in pain intensity to
standardize experimental pain tests after CPT or intense
physical exercise. The effectiveness of CPM and EIA was
shown to be reduced in chronic pain compared to pain-
free teenage girls. These results suggest that ineffective
endogenous pain inhibitory mechanisms may be associ-
ated with chronic pain even at an early age.
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