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Abstract: Background: Aerobic exercise reduces pain sensitivity, a phenomenon known as exercise-
induced hypoalgesia (EIH); however, little is known about EIH when the upper limbs are aerobically
exercised. This study aimed to test the acute effect of a single aerobic upper-limb exercise on pain
threshold and pain intensity in healthy participants, with two different protocols for controlling
intensity. Methods: 31 participants performed two 20 min exercise sessions a week apart. In each
session, the intensity was controlled by a target heart rate (THR) of 60% of heart rate reserve or by a
rate of perceived exertion (RPE) of 7/10 on the Borg scale. Pain threshold for pressure (PPT) heat
(HPT) and pain intensity in response to Tonic Heat Pain (THP) were measured pre- and post-exercise.
To examine the effect of exercise in each protocol on pain sensitivity, rmANOVA was conducted.
Results: Pain sensitivity remained unchanged following arm exercise in both protocols (PPT, p = 0.67;
HPT, p = 0.56; and THP p = 0.39). Higher HR in the THR protocol was demonstrated with a significant
protocol X time, interaction effect (F(3) = 11.194 p < 0.004). Conclusions: Moderate–high-intensity
upper-limb aerobic exercise did not affect pain sensitivity in healthy individuals. Exercise intensity
when controlled by THR showed a higher mean heart rate compared to exercise intensity based
on RPE.

Keywords: exercise-induced hypoalgesia; pain sensitivity; aerobic exercise; intensity; target heart
rate; rate perceived exertion

1. Introduction

Acute dynamic and isometric resistance exercise and aerobic exercise reduce pain sen-
sitivity in healthy [1,2] and chronic pain [3,4] subjects. This is manifested experimentally as
a decrease in pain ratings and an increase in pain thresholds and tolerance; a phenomenon
termed exercise-induced hypoalgesia (EIH) [5]. The hypoalgesic effects of EIH have been
found to be associated with the intensity and duration of aerobic exercise [5,6].

To date, almost all studies investigating the EIH effect of aerobic exercise have exam-
ined the large muscle groups of the lower extremities [2,5,7–9]. However, in some clinical
conditions (e.g., paraplegia [10], lower-limb amputation [11], post-total knee replacement
surgery or injuries), when exercise with lower extremities is limited, upper-limb exercise
is recommended in order to improve functioning or fitness. However, to our knowledge,
only two studies have examined the effect of aerobic exercise of the upper limbs on experi-
mental pain sensitivity. These studies found a decrease in pain sensitivity manifested as an
increase in pain thresholds [12,13]. However, in order to investigate the hypoalgesic effects,
it is necessary to evaluate supra-threshold processing by estimating the pain magnitude
rating [14].

Different physiological and metabolic responses have been reported from conducting
upper-limb versus lower-limb aerobic exercise. Specifically, arm exercise has elicited a
lower maximum rate of oxygen consumption (VO2) (34% less VO2) [15], a lower anaerobic
threshold (AT) [15,16], and a lower maximal heart rate (HR) [17] compared to leg exercise.
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In order to maintain the same power output with a smaller muscle mass, one needs to
work harder, and the rate of perceived exertion (RPE) evaluated by the Borg scale is higher.
Accordingly, during upper-limb exercise, a higher RPE has been reported at a lower HR
compared to leg exercise [18] The use of RPE to control for a given exercise intensity across
different exercise modalities is useful. However, the physiological responses as related to
the RPE vary according to the exercised muscle size [19].

Focusing on HR, Bhambhani et al. [17] found that the maximal HR in an upper-limb
cranking exercise was about 90% of the maximal HR of lower-limb pedaling. Similarly, the
maximal VO2 during the upper-limb exercise only reached about 70% of the VO2 achieved
with the lower-limb exercise. These differences challenge the determination of the target
HR for aerobic exercise based on the maximal HR formulas of Tanaka [20] or the formula
of 220-age [21]. Indeed, it has been reported that the prediction equations for maximal HR
significantly overestimate the true maximal HR when performing upper-limb exercise [22].
Furthermore, the lactate accumulation point was found to occur at a lower maximal HR
with upper-limb versus lower-limb aerobic exercise (61% vs. 76%, respectively) [16]. Based
on these physiological differences between aerobic exercise conducted by the lower vs.
upper limbs, the question arises as to whether the EIH effects previously reported with
lower-limb exercise will also be achieved during upper-limb aerobic exercise of moderate
to high intensity.

This study aimed (1) to experimentally test the acute effects of a single aerobic exercise
of the upper limbs on pain threshold and pain intensity in healthy subjects, and (2) to
compare the HR, RPE, workload (power) and the hypoalgesic effects of two protocols
controlling for intensity: one adjusted to the target HR (THR) of 60% of heart rate reserve
and the other based on a rating of 7/10 on Borg’s scale.

Considering the differences between aerobic activity in the upper limbs compared to
the lower limbs, we aimed to explore if EIH is observed following upper extremity exercise,
which may serve as a tool to improve physical function and to reduce pain in those who
are limited to perform an exercise with the lower limbs.

In addition, we assumed that intensity adjusted to RPE of 7/10 on the Borg scale
would result in the same HR as the target heart rate of 60% of heart rate reserve.

2. Materials and Methods
2.1. Participants

Healthy non-smoking subjects aged 18–55 years were recruited for the study. Exclusion
criteria were those with acute or chronic illness, individuals who completed the PAR-Q
(Physical Activity Readiness Questionnaire) and answered “yes” to one or more questions,
acute and chronic pain conditions, onset pain, or any impairment which may restrict
intensive upper-limb effort. Approval for the study was obtained from the institutional
review board of the University of Haifa. Informed consent was obtained before participation
(# 335/20).

2.2. Measurement Tools
2.2.1. Quantitative Sensory Testing (QST)

The QST was conducted on the Tibialis anterior muscle belly of the participants’
dominant side.

Pressure Pain Threshold (PPT)

The PPT was measured with a pressure algometer (Somedic, Algometer, Sweden). The
stimulation area was 1 cm2 and the pressure increase rate was 30 kPa/s. The participants
were asked to push a button as soon as the pressure sensation became painful and that was
defined as the PPT. Five pressure stimuli were applied at 5 locations close to each other,
and the mean of the 3 closest PPT ratings was used to define the mean PPT. The locations
of the selected 3 stimuli were marked for further measurements [23,24].
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Heat Pain Threshold (HPT)

The HPT was measured by the Thermal Sensory Analyzer (TSA, Medoc, Ramat-Yishay,
Israel) using the 30 × 30 mm thermode. The baseline temperature was 32 ◦C, and the
temperature was increased at a rate of 1 ◦C, with a maximal temperature of 50.5 ◦C. The
participants were asked to press a computer mouse button when the warm sensation
became painful. Five different stimuli were applied with 15 s inter-stimulus intervals, and
the mean of the 3 closest readings was defined as the mean HPT [23,24].

Tonic Heat Pain (THP)

THP was also measured by the TSA with the 30 × 30 mm thermode. A constant
stimulus of 46.5◦ was delivered for 2 min. Every 10 s, the participants were asked to
grade the pain intensity using the 0–100 numerical pain scale (NPS) where ‘0’ denoted “no
pain” and ‘100’ denoted “maximum pain imaginable”. The mean of the THP ratings was
calculated [25].

The order of the pain threshold measures was randomly assigned for each participant
and was repeated in the same order each time. The THP was always delivered immediately
after the HPT.

2.2.2. Questionnaires

Physical Activity Readiness Questionnaire (PARQ)

The PARQ is a screening tool that is used to estimate risk factors and readiness to
engage in physical activity. The questionnaire includes 7 yes/no questions about the
participants’ medical status [26].

The International Physical Activity Questionnaire (IPAQ)

The IPAQ [27,28] was used to examine the level of daily activity in a representative
week. The weekly physical activity is transferred to a metabolic equivalent (MET) to create
4 levels: vigorous (8 MET), moderate (4 MET), walking (3.3 MET), and sitting (0 MET). The
overall metabolic value is calculated as MET level x minutes of activityx events per week.
The IPAQ was validated to Hebrew [29].

Enjoyment Scale

Each participant was asked to rate his or her enjoyment of the exercise on a 1–10 scale,
where “10” indicates “I enjoyed it very much”, and “1” indicates “I did not enjoy it at all”.

2.2.3. Exercise Intensity Measurements

Heart Rate

HR was monitored at rest and throughout the exercise by using an HR chest band
(polar H7).

The Borg Rating of Perceived Exertion Scale

Participants were asked to rate their exertion on the Borg 0–10 scale (from, “0”, “No
exertion at all”, to “10”, “maximal exertion”) during the study exercise, which combines
all sensations and feelings of physical stress and fatigue [30]. The scale was displayed in
front of the participants during the exercise, and they were asked to point to a number
that best described how hard the exercise felt based on the physical sensations that they
experienced.

Blood Lactate Measurement

Capillary whole blood lactate was measured from the index finger using a lactometer
(Lactate scout, SensLab, Leipzig, GM) before and immediately after the exercise. A value
above 4 mmol/L corresponded to the onset of blood lactate accumulation (OBLA) indicating
an intensity in the range of the anaerobic threshold [31].
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2.2.4. Aerobic Exercise Protocols

Each participant underwent two exercise protocols (based on THR or RPE 7 out of
10 on the Borg scale, as described below) on the upper body ergometer (Excite Live Top,
Technogym, Cesena, Italy) while sitting. The exercise protocols were given in random order
and conducted on different days. Each exercise was performed for 20 min after a 5 min
warm-up in which the resistance was gradually increased until the target intensity was
reached.

THR Intensity Protocol

The intensity of the exercise was targeted to 60% of reserve HR. The THR was calcu-
lated using the Karvonen formula for age-predicted maximal HR (MHR) [32] as follows:
THR = resting HR + [(0.6 ∗ (220-age)) − resting HR], ±5 beats per minute. Participants
maintained their pedaling rate (50–60 revolutions per minute) while the load was increased
gradually until THR was reached in the first 5 min. Then, the load was changed to keep
the THR.

BORG Intensity Protocol

Exercise intensity was controlled according to the participants’ subjective effort (a
rating of 7 out of 10 on the Borg scale). Participants maintained their pedaling rate
(50–60 revolutions per minute) while the resistance was increased gradually until a Borg
raring of 7, corresponding to “very severe”, was reached in the first 5 min. Then, load
was adjusted to keep the perceived exertion rating of 7 out of 10. Throughout the exercise,
the researcher verified that the participants’ ratings of the exercise intensity matched their
7/10 score, and if not, the load was changed accordingly.

2.3. Study Procedure

After a detailed explanation of the study requirements, participants who were in-
terested in participating in the study were asked to sign an informed consent form and
complete a self-report health declaration using the PARQ on the first session. Their blood
pressure and resting HR were then measured. Participants were asked to attend 2 sessions
one week apart. In the first session, they were asked to complete the IPAQ and were
randomly assigned one of the 2 protocols (the other protocol was completed in the second
session). This was followed by familiarization with the QST.

Participants were excluded if: (i) their resting blood pressure was >140/90 mmHg or
their resting HR was >100; (ii) they graded the suprathreshold THP < 25 on the 0–100 NPS
in order to avoid a floor effect; and (iii) they provided a positive response on one of the
questions in the PARQ.

During the first exercise session, PPT, HPT, and THP were measured before and after
20 min of rest in a sitting position (control condition). The measures taken at the end of the
20 min rest served as baseline measures for the exercise that was performed immediately
after. During the 20 min of exercise, RPE, HR, and power (Watt) were recorded every 5 min.
Immediately following exercise completion, participants were asked about their level of
fatigue and the degree of their enjoyment during the exercise using a 0–10 NRS, and the
QST measures were repeated. To assess lactate concentration a capillary blood sample was
taken from the finger before and immediately after the exercise.

In the second session, HR and blood pressure were measured at rest to ensure inclusion
criteria were still being met. All the measurements (QST, HR, RPE. Watt, blood lactate,
enjoyment and fatigue ratings) were repeated in the same way as during the first session.

2.4. Data Analysis

Statistical analyses were performed using SAS software version 9.4 for Windows.
Determination of a normal distribution of variables was examined using the Shapiro–Wilk
normality test. The data are presented as mean and standard deviation, or median and
interquartile range (IQR), as appropriate. The descriptive statistics include demographic
anthropometric and level of physical activity parameters.
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Paired t-tests were performed for comparing the following variables between the
2 exercise intensity protocols: mean HR during the 20 min of exercise, RPE, power, lactic
acid concentration delta (pre- and post-exercise), enjoyment, and the level of fatigue from
the exercise.

A two-way mixed-model repeated-measures analysis of variance (rmANOVA) was
applied to examine the effect of the protocol (BORG, THR) and time (5, 10, 15, and 20 min)
on HR, RPE, and Watt and to examine the effect of condition (exercise vs. rest) and time
(pre/post) in each protocol (BORG/THR) on the pain measurements (PPT, HPT and THP).

Results were considered significant at the p < 0.05 level.

3. Results

Thirty-six subjects volunteered to participate in the study; three subjects were excluded
because they did not meet the admission criteria (one due to high blood pressure at rest and
two because they rated a pain intensity lower than the inclusion criteria for the trial). In
addition, two subjects completed only one session of the study (one due to a headache that
appeared during the test and one for personal reasons) and therefore were excluded from
the analyses. Accordingly, 31 participants (17 women) completed the two protocols and
were included in the data analysis. Their median age was 40 years old (IQR 22–50), with a
mean weight 73.0 ± 13.7 kg, mean height 1.69 ± 0.1 m, and median BMI 25.7 m/kg2 (IQR
22.19–27.31). Overall, 15 participants had a normal BMI, 13 were overweight and 3 were
defined as obese. The median IPAQ score was 906 MET/week (IQR 268–1362), indicating
that most participants were minimally active.

3.1. Comparison between the Protocols for Physiological Responses and Subjective Perception

Significant differences were found for the participants’ HR and power between the
2 protocols. Specifically, higher HR and power were found during the THR protocol
(Table 1). Participants’ lactate concentration was higher than the onset of blood lac-
tate accumulation (OBLA) point of 4 mmol/L in both protocols (THR 6.2 ±2.1; BORG
5.7 ± 2.2 mmol/L), with no difference between the protocols. In addition, no differ-
ences were found in the participants’ RPE, degree of enjoyment and fatigue between
the two protocols.

Table 1. Exercise variables and statistical differences between THR and BORG protocols.

Variables BORG Protocol
Mean ± SD

THR Protocol
Mean (SD) p-Value

HR
(bpm) 122.6 ± 19.5 132.9 ± 9.8 0.002

RPE
(0–10 scale) 7.00 ± 0.1 6.6 ± 1.5 0.39

Power
(watt) 48.6 ± 15.4 52.6 ± 17.9 0.03

∆ Lactate
(mmol) 2.7 ± 0.42 3.3 ± 0.39 0.33

Exercise enjoyment (1–10 scale) 6.1 ± 2.0 5.8 ± 2.3 0.48

Fatigue (1–10) 4.9 ± 2.1 5.8 ± 2.5 0.17
HR, Heart Rate; bpm, beats per minute; RPE, Rate of Perceived exertion; ∆Lactate, the difference in lactate
concentration between pre- and post-exercise. p values < 0.05 represent statistical differences between the THR
(target heart rate of 60% of heart rate reserve) and BORG (perceived exertion of 7/10 on the Borg scale) protocols.

HR, RPE, and power were measured every 5 min during the exercise and are presented
in Figure 1. The analysis of a two-way ANOVA (2 protocols THR/BORG) and time
(four time points: 5, 10, 15, 20 min) demonstrated a main effect for time (F (3) = 21.4,
p > 0.001), for the protocol (F (1) = 11.19 p > 0.002), and for an interaction effect (protocol
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X time) (F (3) = 11.194.83 p > 0.004). Participants’ heart rate in the THR protocol was
higher compared to the BORG protocol. For the RPE variable, no significant main effects
were noticed. Lastly, the power variable demonstrated a significant main effect for time
(F (3) = 2.97, p > 0.049) and the protocol (F (1) = 5.24 p > 0.03) with no interaction. The THR
was conducted at a power of 5–10 watts more compared to the BORG protocol.
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3.2. Pain Measurements

Pain measurements including PPT, HPT, and THP pain ratings at rest (BL and after
20 min of sitting (pre-exercise), and immediately after the exercise are presented in Table 2.
No time effect was found for the PPT [F (90) = 0, p = 1], HPT [F (90) = 0, p = 0.94] or THP [F
(116) = 0, p = 0.76] for both protocols. Similarly, no interactions between time and protocol
were found for PPT [F (90) = 0, p = 0.67], HPT [F (90) = 0, p = 0.56] and THP [F (116) = 0,
p = 0.39].

Table 2. Pain sensitivity measures pre- and post-rest session and pre- and post-exercise in both
control intensity protocols.

THR Protocol BORG Protocol

Variables Rest Exercise Rest Exercise

BL
Mean
(SD)

Pre
Mean
(SD)

Post
Mean
(SD)

BL
Mean
(SD)

Pre
Mean
(SD)

Post
Mean
(SD)

PPT
(kPa)

369.85
(126.56)

363.58
(128.63)

371.95
(134.09)

372.75
(112.23)

362.83
(115.31)

374.77
(121.58)

HPT
(◦C)

47.21
(2.69)

46.98
(2.70)

46.94
(2.87)

47.47
(2.22)

47.36
(2.31)

47.23
(2.66)

THP
(NPS)

55.22
(23.29)

55.05
(24.60)

52.81
(24.58)

56.83
(18.9)

57.10
(21.71)

52.99
(23.08)

BL, baseline; PPT, pressure pain threshold; kPa, kilopascal; HPT, heat pain threshold; ◦C, temperature in Celsius;
THP, tonic heat pain; NPS, numerical pain scale.

4. Discussion

In this within-subject study design, we examined the effects of upper-limb exercise
on experimental pain sensitivity in healthy individuals. We compared the changes in pain
sensitivity between two different protocols to control for exercise intensity: one targeted
HR (THR protocol), and the other was based on a subjective rating of perceived exertion
(BORG protocol). We found that arm aerobic exercise at a moderate–high intensity of 60%
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of reserve HR, or of 7 on the 1–10 Borg scale, did not lead to the expected hypoalgesic effects.
Specifically, no changes in the PPT, HPT, and pain ratings of THP were identified compared
to the resting condition in both protocols. A higher mean HR was found when the THR
protocol was applied compared to the BORG protocol, while the RPE was the same.

To the best of our knowledge, only a few previous studies have examined the effects
of upper-limb aerobic exercise on pain sensitivity. In the study of Staude et al. [13], healthy
female participants and fibromyalgia patients performed arm aerobic exercise in two
sessions with a 15 min pause between, at a constant power of 60 watt until fatigue. PPT
increased in both groups following the exercise, indicating an EIH effect, yet no differences
were found in the THP ratings. Staude et al. [13] determined the exercise protocol based
on the power, while HR was not monitored. This eliminates comparability to the current
study results. However, the fact that the participants continued until exhaustion indicates
that a higher effort for a short duration was achieved. This may explain the hypoalgesic
effects identified in the Satude study, but not in our study.

Another study that examined the hypoalgesic effects of upper-limb aerobic exercise
was carried out by Olausson et al. [12]. Specifically, they examined the effect of both lower
and upper-limb aerobic exercise on toothache threshold induced by electrical stimulation.
The 20 min exercise intensity was determined by a HR of 150 beats per minute for all
participants. The results revealed that both lower-limb pedaling and arm cranking induced
EIH, as expressed by an increase in pain threshold with no differences between the muscles
involved. The study defined the pain threshold as an “unpleasant but not painful sensation”.
The different definition of pain threshold that was used in our study, where participants
were asked to indicate the onset of pain sensation, may explain the different results between
the Olausson et al. findings and our study. In addition, the mean HR in our study was
130 bpm, lower than that of the Olausson et al. study, which may suggest that exercise
intensity in our study was not sufficiently challenging to induce EIH. However, the fact
that our participants were not accustomed to arm aerobic exercise, rating the exercise as
“very severe” (i.e., 7/10 on the Borg scale), with lactate accumulation above the OBLA point
at the end of the exercise, may imply that a higher intensity would be hard to maintain and
may lead to exercise termination in a short time. The evidence from these two previous
studies may suggest that intensity and not duration is more important for inducing EIH
following upper-limb aerobic exercise, but this needs further examination.

The aerobic exercise intensity required to induce hypoalgesia has been investigated
in many studies [6,23,33–35], and various intensity methods were tested on the lower
limbs. In detail, Naugle et al. [6] found that 20 min of lower-limb pedaling at an intensity
of 70% of the predicted maximal HR led to greater increase in PPT compared to 50% of
the predicted maximal HR. However, the same degree of decrease in THP ratings was
observed at both intensities. Kodesh and Weissman-Fogel [23] found a decrease in THP
ratings only after interval training at an intensity of 85% of the reserved HR, which was
not demonstrated from aerobic exercise at an intensity of 70% of the HR reserve (HRR).
Moreover, at both intensities, no change in PPT measures were reported. Another study
by Schmitt et al. [35] determined exercise intensity by the HR measured at the anaerobic
threshold. They demonstrated that aerobic exercise for 20 min at an intensity 20% higher
than the anaerobic threshold HR resulted in a significant increase in HPT and pain tolerance,
compared to HR lower than the anaerobic threshold. Similarly, Micalos and Arendt-
Nielsen [34] reported an increase in PPT pain threshold after an effort of 70% of maximum
oxygen consumption but not at 30%. Hoffman et al. [33] examined the change in pressure
pain intensity after aerobic exercise on a treadmill and found a decrease in pain intensity
after exercise at an intensity of 75% of the maximal oxygen consumption, but no significant
change was identified in response to exertion at 50% of maximal oxygen consumption. In
addition, a local increase in PPT at 70% HRR but not at 50% was reported [36].

In contrast to these studies which indicate that EIH is related to higher intensities
(70% of aerobic capacities), there are studies which indicate that lower intensities have a
beneficial effect on pain sensitivity. For example, a recent meta-analysis which examined
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the effect of exercise on pain thresholds in healthy individuals found that moderate aerobic
exertion, defined as 11-14/20 on the Borg scale (fairly light to somewhat hard), had a greater
effect on the pain threshold compared to other intensities (less or more intense) [7]. Taken
together, the inconsistency seen in various studies of the hypoalgesic effects following
aerobic exercise, i.e., with different intensities and durations required to achieve EIH effects,
explains the fact that there is no optimal recommended protocol and emphasizes the need
for further research. In the present study, the target HR was determined at the intensity of
60% of maximal HR based on previous studies, indicating that maximum effort in the upper
limbs is obtained at a lower HR than in the lower limbs [17,37]. We therefore assumed
that this intensity would allow untrained individuals to maintain arm aerobic exercise for
20 min. At this intensity, lactate was higher than the OBLA point, and the exercise was rated
as hard. Nevertheless, this intensity may not be sufficient to induce hypoalgesic effects,
even when it is rated as severe, and the effort involves exertion of a smaller muscle mass.

EIH has been tested in different body locations in order to test the involvement
of local and central mechanisms. Local hypoalgesic effects have been found near the
exercised muscles [38,39], and a systematic effect has been observed in remote areas from
the exercised muscles, although the local hypoalgesic effects are stronger [40,41]. Studies
that examined the hypoalgesic effects accompanying lower extremities aerobic exercise have
also shown inconsistent findings regarding pain thresholds in remote areas [34,35,42–46].
Decreased sensitivity to pain in distant regions may indicate systemic modulation mediated
by endogenous inhibition mechanisms involving the descending inhibitory pathways [34].
In the present study, we chose to perform the pain measurements in a remote area (lower
limb) to learn about the systemic effects of upper-limb exercise. The rationale was that
we aimed to test whether the upper-limb exercise will reduce pain sensitivity in the lower
limbs and thus may be suitable as a therapeutic tool for people suffering from leg pain of
various types. The lack of hypoalgesic effects that we found in a healthy population may
suggest that arm exercise is not applicable for clinical pain; however, further investigation
of patient populations with lower-limb pain is needed.

Various mechanisms have been suggested to explain EIH and the differences between
lower and upper-limb exercise. However, the underlying mechanism is not yet fully
understood [47]. The most widely discussed hypothesis for EIH is that of the endocrine
system response to stress [47,48]. There is growing evidence of an increase in stress
hormones and hormones associated with the hypothalamic–pituitary–adrenal axis (HPA)
following exercise, and their effect on pain sensitivity through a cascade of responses in the
endocrine system [48,49]. Considering this hypothesis, Maresh et al. compared pituitary-
adrenal hormone levels (adrenocorticotropic hormone-ACTH, cortisol and beta-endorphin)
in untrained young men after 30 min of upper-limb or lower-limb aerobic exercise. They
found an increase in the hormonal concentrations after exertion of 80% of maximal oxygen
consumption (rather than 60%) and no difference in hormonal concentrations between
exercise in the upper limbs compared to the lower limbs [50]. This finding is consistent with
a previous study by Goldfarb et al., who found an increase in beta endorphin only following
aerobic exercise of at least 70% of maximal oxygen consumption [51]. We did not measure
the concentration of such hormones directly in the current study; however, since the exercise
carried out resulted in lactate accumulation above the OBLA point, it can be assumed that
the exercise intensity was sufficient to activate the opioid mechanism. Nevertheless, this
does not fully explain the EIH effects observed in studies at more moderate intensities.

Another proposed mechanism for the EIH effect is related to increased blood pressure
during exercise, which activates the endogenous-opioid system to reduce pain. The mecha-
nism is not entirely clear, but one hypothesis is that the increase in blood pressure activates
the baroreceptors in the carotid and the aortic arch that are innervated by vagal afferents,
which transmit the neural response to structures responsible not only for cardiovascular
activity but also for pain regulation [52–54]. Aerobic exercise of large muscle groups in the
lower extremities elevate the cardiac output more than the upper extremities [55], which
may explain the lack of hypoalgesic effects in our exercise protocol.
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PPT is the most common outcome measure in EIH studies [2,56] demonstrating a very
high test–retest reliability [44,57] Conversely, HPT has moderate–good reliability [58,59],
and it is considered a less reliable outcome measure [59] with no consistent results following
vigorous aerobic exercise [23,35,60,61]. While THP has a good test–retest reproducibility, it
has a high inter-subject variability [14]. Several studies have examined EIH using THP as
an outcome measure [6,23,60,62] and found a decrease in pain ratings after aerobic exercise,
yet no change in PPT [6,23]. Overall, the use of THP as an outcome measure is less prevalent
in EIH studies [60]. In the present study, conventional pain measures were used, yet due to
great variability in the measurement tools used in EIH studies, it is hard to decide which
of the measures is most sensitive to detect changes in pain sensitivity following exercise.
Therefore, it seems that a number of outcome measures should be chosen to identify the
effect of exertion on pain sensitivity. The lack of a hypoalgesic effect in any of the outcome
measures in our study strengthens the findings that there was indeed no hypoalgesic effect
in both exercise sessions.

Since we aimed to examine the feasibility of using arm aerobic exercise to induce EIH,
and the existing literature lacks information about the optimal protocol for arm aerobic
exercise intensities, we decided to test two different methods for controlling intensity
that was targeted to a moderate–high level. We found that while the two protocols were
similar in terms of the subjects’ perception of exertion, in the THR protocol the participants
maintained a higher power and a higher HR. This finding is important for future studies
that are required to further test the optimal protocol for inducing EIH following upper-limb
exercise, while also suggesting that the target HR above 60% needs to be investigated in
this kind of exercise modality.

This study has some limitations. In detail, we examined changes in pain sensitivity
only in a remote area in order to test the EIH which is known to be mediated by central
mechanisms that affect systemic pain sensitivity [8]. However, it is possible that testing
local changes in pain sensitivity would have given us a broader picture of the effect of
the different protocols. In addition, no maximal exercise test was performed for the arm
aerobic test in order to determine maximal HR and its derivatives. If this is done, it may
help determine a more accurate exercise intensity and avoid the use of predictable maximal
HR, which may not be suitable for upper-limb exercise. Finally, it is suggested that future
studies would compare the EIH of the upper limbs vs. lower limbs, in the same cohort of
participants, in order to better understand physiological and metabolic differences.

5. Conclusions

Based on our protocols, EIH was not demonstrated following upper-limb aerobic
exercise. Therefore, these protocols may not be suitable as a therapeutic pain-reducing inter-
vention. Further research is needed to find the appropriate protocol to induce hypoalgesia
from exercise executed using a small muscle mass.
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