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Abstract: Background and Objectives: No studies have reported corrugator muscle activity associated
with pain in people with pain. This study aimed to develop an objective pain assessment method
using corrugator muscle activity with pressure pain stimulation to the skeletal muscle. Methods:
Participants were 20 adults (a mean ± SD age of 22.0 ± 3.1 years) with chronic neck/shoulder
pain. Surface electromyography (sEMG) of corrugator muscle activity at rest (baseline) and without
and with pressure pain stimulation applied to the most painful tender point in the shoulder was
recorded. Participants evaluated the intensity of the neck/shoulder pain and the sensory and affective
components of pain with pressure stimulation using a visual analogue scale (VAS). The percentages
of integrated sEMG (% corrugator activity) without and with pressure pain stimulation to the baseline
integrated sEMG were compared, and the relationships between the % corrugator activity and the
sensory and affective components of pain VAS scores were evaluated. Results: Without pressure
stimulation, an increase in corrugator muscle activity due to chronic neck/shoulder pain was not
observed. The % corrugator activity with pressure pain stimulation was significantly higher than
that without stimulation (p < 0.01). A significant positive correlation between corrugator muscle
activity and the affective components of pain VAS scores with pressure stimulation was found
(ρ = 0.465, p = 0.039) and a tendency of positive correlation was found for the sensory component
of pain VAS scores (ρ = 0.423, p = 0.063). Conclusions: The increase in corrugator muscle activity
with pressure pain stimulation to the tender point in adults with chronic neck/shoulder pain was
observed, although increased corrugator muscle activity resulting from the chronic neck/shoulder
pain was not. These findings suggest that corrugator muscle activity with pressure pain stimulation
can be a useful objective indication for tender point sensitivity assessment in the skeletal muscle
with pain.

Keywords: pain; neck/shoulder pain; pain assessment; pressure pain; corrugator muscle; facial
expression; visual analogue scale; algometer

1. Introduction

Pain is associated with various diseases. To control pain, an objective assessment of
pain in conjunction with a subjective pain assessment may be of great help in providing
appropriate treatment [1]. The International Association for the Study of Pain (IASP)
defined pain as “An unpleasant sensory and emotional experience associated with, or
resembling that associated with, actual or potential tissue damage” [2]. According to
this definition, pain is primarily a subjective sensation based on one’s own experiences.
Therefore, it is difficult for healthcare providers to objectively assess patients’ subjective
pain. Under such circumstances, the current pain assessments used in many clinical settings
and research fields are subjective self-completion methods, such as the visual analogue
scale (VAS), numerical rating scale (NRS), face rating scale (FRS), and verbal rating scale
(VRS). Among these subjective pain assessments, VAS is the most frequently used in clinical
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settings and pain research because the results obtained using VAS are considered to be the
most accurate and reproducible [3,4].

However, patients are required to understand the meaning of VAS and have the
ability to assess their pain using VAS by imagining the most severe pain, which is very
vague and difficult. Furthermore, patients’ standards for pain assessment vary, making it
difficult for health providers to accurately evaluate individual patients’ pain and compare
pain intensities between patients [5–7]. It has been pointed out that, even when accurate
assessments can be made, medical providers tend to underestimate patients’ pain in
subjective assessments such as VAS in the clinical field, which may lead to the neglect of
necessary care [8]. Therefore, the development of objective measures to compensate for
subjective pain assessments is required.

Currently, the objective assessment of pain from patients’ facial expressions has been
gaining attention in the development of new pain assessment methods because facial
expressions expressing unpleasantness are often observed as an indication of pain intensity
in patients in clinical fields [9]. The specific facial muscles that express pain are the
corrugator, orbicularis oculi, levator labii superioris, zygomaticus major, and risorius
muscles [10,11], which were identified using experimental pain. Furthermore, a study
using surface electromyography (sEMG) to examine the relationship between pain and
facial muscles concluded that the corrugator muscle is the most relevant to the expression
of pain among the facial muscles, as the activity of the corrugator muscle increases as
the intensity of the pain increases [12–14]. Based on these reports, we studied corrugator
muscle activity associated with pressure pain stimulation applied to the tender point in
the shoulder in healthy adults with no pain. In this previous study, we reported that
corrugator muscle activity significantly increased with pressure pain stimulation, and its
activity was correlated with sensory and affective components of pain VAS scores [15].
To date, the reported results on the relationship between subjective assessment methods
such as VAS and the sEMG activity of facial expressions have only been obtained from
healthy adults [12–15].

In the clinical field, pressure stimulation is often used in palpation to examine muscu-
loskeletal pain [16], which is experienced by many people around the world [17]. Among
musculoskeletal disorders, neck/shoulder pain is one of the most common complaints
worldwide [18]. Nonspecific neck/shoulder pain, not from specific diseases, was the second
most common chief complaint in a comprehensive survey conducted in Japan in 2022 [19].
Pain from musculoskeletal disorders causes economic losses via a decrease in performance
at work, including absenteeism due to treatment for pain and other activities [20–24]. Fur-
thermore, musculoskeletal pain has a strong impact on daily life, as well as work, and
indirect economic losses have been recognized [25]. The treatment of musculoskeletal pain
is extremely important not only for achieving physical and psychological benefits and
improving the quality of life of patients but also for reducing economic losses to society.
To achieve appropriate pain treatment, it is necessary to evaluate a patient’s pain from
multiple perspectives, as pain consists of sensory, cognitive, and affective-motivational
dimensions [26–30]. Therefore, an accurate and informative assessment of the effects of
pain treatments may be achieved by measuring both the sensory and affective components
of pain.

Therefore, we investigated corrugator muscle activities associated with pressure pain
stimulation in chronic musculoskeletal pain-aware adults in the neck and shoulder to
develop an objective index for pain assessment.

2. Methods

This study was approved by the Ethics Committee of Tokyo Ariake University of
Medical and Health Sciences (Tokyo Ariake University of Medical and Health Sciences,
approval no. 366, date of approval: 17 December 2021). The research methodology was
based on that of a previous study conducted on healthy participants who had no pain [15].
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2.1. Participants

A total of 20 adults (10 males and 10 females; with an age of 22.0 ± 3.1 years; height
of 163.9 ± 9.0 cm; weight of 59.3 ± 12.5 kg (mean ± SD)) with nonspecific chronic
neck/shoulder pain due to muscle stiffness participated in this study. The duration of
neck/shoulder pain was 795.1 ± 691.1 (mean ± SD) days. Adults with pain due to mus-
culoskeletal disorders including cervical spondylosis, cervical hernia of the intervertebral
disk, cervicobrachial disorder, thoracic outlet syndrome, cerebrovascular disease, and neu-
rological disorders were excluded. Before the study started, we explained the details of
this research to the participants orally and provided a written explanation, stating that
they could withdraw at any point after consenting to participate in the research of their
own free will without any consequences. They provided informed consent to participate in
this study.

2.2. Pressure Stimulation
2.2.1. Point to Apply Pressure Pain Stimulation

Pressure pain stimulation was applied at the point where the pain was the most
strongly elicited when pressure stimulation was applied with the fingertip across the
trapezius, levator scapulae, and rhomboid muscles [31] (hereafter called “the tender point”),
which are known to be associated with neck and shoulder pain. The tender point was
chosen because we often palpate the most painful point with pressure stimulation to
examine and treat musculoskeletal pain in the clinical field [16].

2.2.2. Pressure Pain Threshold

An algometer (Algometer Type II, SBMEDIC Electronics, Stockholm, Sweden) was
used to measure the pressure pain threshold, as in a previous study [15]. This algometer
displays the pressure intensity digitally, which makes it possible to apply pressure to the
body at a constant rate of increase in pressure per second [32].

Pressure was applied to the tender point with a 0.5 cm2 circular probe at a 50 kPa
increase per second starting from a pressure of 10 kPa, which elicited no pain. After the
pressure stimulation started, the participants pushed a button connected to the algometer to
stop the measurement when they felt pain to determine their pain thresholds. The pressure
pain threshold was measured three times for each participant, and the mean value was
used to determine the individual pain threshold.

2.2.3. Pressure Pain Stimulation

The intensity of the pressure pain stimulation was twice that of the pressure pain
threshold in each participant. A researcher well trained in the usage of the algometer
manually applied pressure pain stimulation to the tender point in the shoulder for 5 s using
the algometer.

2.3. Measurement of Surface Electromyography (sEMG) of the Corrugator Muscles

Each participant sat facing down on bilateral pads used for head support on a massage
chair (Takada Bed Massage Chair, Quick Massage Round Chair N Type/TB-519, Osaka,
Japan) without the center of the face around the corrugator muscle being touched during
the sEMG recording (Figure 1).

To record the activity of the corrugator muscle, surface electrodes (NSC electrode,
NM-317Y3, Nihon Kohden Corporation, Tokyo, Japan) were attached to a crossing point
between a vertical line extending upward from the medial corner of the eyelid and a
horizontal line passing through the upper edge of the eyebrow, and to another point 10 mm
lateral from this crossing point on both sides of the face. Ground electrodes were attached
to the left and right mastoid processes.
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Figure 1. Experimental setting. Participants on a massage chair with electrodes attached to the
forehead to record corrugator muscle activity.

The sEMG of corrugator muscle activity was recorded using an electromyogram
(Neuropack X1: MEB-2306, Nihon Kohden Corporation, Tokyo, Japan), with a sampling
frequency of 1000 Hz and a bandpass filter of 20–500 Hz, utilizing the bipolar derivation
method according to previous studies [14,15,33,34].

Analysis software (Labchart, ADInstruments, Nagoya, Japan) was used to process the
recorded sEMG. The recorded sEMG of corrugator muscle activity was A/D-converted
every ms, fully rectified, and integrated. The integrated sEMGs of every measurement on
both sides of the corrugator muscle were averaged for statistical analysis. Each mean of
the integrated sEMGs on both sides without and with pressure pain stimulation was then
divided by the mean of the baseline integrated sEMGs at rest, and the resulting values are
expressed as percentages (hereafter called “% corrugator activity”).

2.4. Subjective Sensory and Affective Component of Pain

First, the intensity of chronic neck/shoulder pain with no stimulation applied was
assessed using a 100 mm VAS (0: no pain; 100: maximum imaginable pain). The same
scaled VAS was used to measure the intensity of the sensory component of pain during
pressure pain stimulation. In addition, the intensity of the affective component of pain
(unpleasantness) was measured using a 100 mm VAS (0: not unpleasant; 100: maximum
imaginable unpleasantness). Further, a 100 mm VAS (0: not pleasant; 100: maximum
imaginable pleasantness) [15,35] was used to assess the intensity of pleasantness if a
participant felt pleasantness when they received pressure pain stimulation.

2.5. Experimental Procedures

The participants sat on a massage chair in a relaxed position. The skin of the forehead
of the participants was sterilized with 70% alcohol-soaked cotton prior to the surface
electrodes being attached to the above-mentioned points on the face.

A researcher located and marked the tender point and measured the pressure pain
threshold using the algometer. First, when the sEMG of the corrugator muscle activity
became stable, the sEMG of the baseline corrugator muscle activity at rest was recorded
for 5 s. Then, the sEMG was recorded without pressure stimulation for 5 s. Subsequently,
another researcher applied pressure pain stimulation at twice the intensity of the pressure
pain threshold to the tender point in the participants using the algometer for 5 s. During
the pressure pain stimulation, sEMGs of corrugator muscle activity were recorded. After
completing the pressure stimulation, the participants assessed the intensity of the sensory
and affective components of pain, including pleasantness, on VAS.

2.6. Data Analysis

Statistical analyses were performed using SPSS Statistics Version 29 (IBM Japan, Ltd.,
Tokyo, Japan). The Wilcoxon signed-rank test was used for between-group comparisons
of % corrugator activity without vs. with pressure pain stimulation and of the intensity of
neck/shoulder pain vs. sensory component of pain with pressure stimulation on VASs. For
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the pressure pain threshold and baseline % corrugator activity, the Mann–Whitney U test
was used for between-group comparisons in the participants with chronic neck/shoulder
pain in this study vs. in healthy participants without pain in our previous study [15]. Spear-
man’s correlation coefficient was used to analyze the relationship of % corrugator activity,
sensory and affective components of pain intensities during pressure pain stimulation,
and neck/shoulder pain intensity on VASs. As some participants felt pleasantness when
they received pressure pain stimulation, the pleasantness VAS scores were expressed as
negative values; then, we translated the intensities of the unpleasantness or pleasantness of
all participants as an affective component of pain VAS scores, which range from −100, max-
imum imaginable pleasantness, to 0, neither pleasant nor unpleasant, and 100, maximum
imaginable unpleasantness.

3. Results
3.1. Neck/shoulder Pain Intensity, Pressure Pain Threshold, and Baseline Corrugator Muscle
Activity

The intensity of the chronic neck/shoulder pain in the twenty participants was
47.7 (mean) ± 15.1 (45.0) (SD (median)) on VAS.

For the pressure pain threshold in the participants, the mean ± SD (median) was
292.1 ± 137.2 (272.5) kPa, which was significantly less than 531.3 ± 192.5 (493.0) kPa in
the healthy adults without chronic neck/shoulder pain in the previous study [15]. There
was no significant correlation between the pressure pain threshold and the intensity of the
chronic neck/shoulder pain.

The mean ± SD (median) of baseline corrugator muscle activity at rest in the par-
ticipants with neck/shoulder pain in this study was 15.0 ± 6.8 µV (13.0), which was not
significantly different from that of 13.4 ± 2.4 µV (13.3) in the healthy adults without pain in
the previous study [15].

3.2. Corrugator Muscle Activity without and with Pressure Pain Stimulation

Figure 2 shows the ensemble average of a sEMGs of full-wave rectified corrugator
muscle activity without and with pressure pain stimulation applied to the tender point
of the shoulder in all participants. With the application of pressure stimulation, large
corrugator muscle activity was observed, although little corrugator muscle activity was
observed without pressure stimulation in the participants with neck/shoulder pain.
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Figure 2. The ensemble average of rectified surface electromyography (sEMG) of corrugator muscle
activity (a) without (blue) and (b) with pressure pain stimulation (orange) to the tender point for
5 s in 20 chronic neck/shoulder pain participants. The means of rectified sEMGs of both sides of
the corrugator muscles in each participant, which were generated via rectified sEMGs converted
from bilateral sEMGs, were used to determine the ensemble average in order to depict the average
activity curve of the corrugator muscle. The vertical and horizontal axes represent muscle activity and
time, respectively.
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In the sEMG recordings of all participants, the % corrugator activity with pressure
pain stimulation (mean ± SD (median), 461.0 ± 411.4 (342.4)) was significantly larger than
that without pressure stimulation (105.5 ± 15.8 (103.8)) (p < 0.01) (Figure 3). Furthermore,
the % corrugator activity with pressure pain stimulation was 4.32 ± 3.75 (3.34) times that
without pressure pain stimulation in 20 participants. In 2 out of 20 participants, the value
was less than 1.1 times.
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Figure 3. Corrugator muscle activity in 20 chronic neck/shoulder pain participants without (blue)
and with pressure pain stimulation (orange). The “% corrugator activity” indicates the percentage of
the integrated surface electromyography (sEMG) without and with pressure pain stimulation to the
baseline integrated sEMG. The bottom, middle, and top lines in the boxes correspond to the 25th,
median, and 75th percentiles, respectively. The whiskers extend from the 10th to 90th percentiles.
The circles indicate arithmetic means. There was a significant difference between without and with
pressure pain stimulation. ** p < 0.01.

3.3. Sensory and Affective Component of Pain Intensities with Pressure Pain Stimulation

The mean ± SD (median) of the sensory component of pain with pressure pain stimu-
lation was 70.4 ± 20.3 (75.9), which was significantly larger than the chronic neck/shoulder
pain of 47.7 ± 15.1 (45.0) (p < 0.01) on VAS. The mean ± SD (median) of the affective
component of pain VAS scores with pressure pain stimulation was 40.6 ± 50.3 (46.3). Three
participants reported pressure pain as “comfortable” (pleasantness VAS scores: 63.0, 80.5,
and 70.1). There was a positive significant correlation of the intensity between sensory and
affective components of pain (ρ = 0.657, p < 0.01) (Figure 4a).

Significant positive correlations were found between the intensity of chronic neck/
shoulder pain and the sensory component of pain (ρ = 0.673, p < 0.01) (Figure 4b) and
between the intensity of chronic neck/shoulder pain and the affective component of pain
(ρ = 0.560, p < 0.01) (Figure 4c) on VAS.

In two participants, the % corrugator activity with pressure pain stimulation was 1.03
and 1.01 times that without pressure stimulation, which means that corrugator muscle ac-
tivity during pressure pain stimulation did not increase; however, their sensory component
of pain VAS scores were 63.3 and 19.6, and their affective component of pain VAS scores
were 41.6 and 32.1, respectively.
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analogue scale (VAS). There were significant positive correlations between them. The uppermost dot
represents two data points in (a).

3.4. Relationship between Corrugator Muscle Activity and Pain Intensities

No significant correlation was observed between % corrugator activity with pressure
pain stimulation and the chronic neck/shoulder pain VAS score (ρ = 0.197, p = 0.405)
(Figure 5a). There was no significant correlation between % corrugator activity and the
sensory component of pain VAS score with pressure pain stimulation (ρ = 0.423, p = 0.063)
(Figure 5b), but a significant positive correlation was found between % corrugator activity
and the affective component of pain VAS score with pressure pain stimulation (ρ = 0.465, p
= 0.039) (Figure 5c).
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Figure 5. Correlation between corrugator muscle activity and the intensity of (a) chronic
neck/shoulder pain, (b) sensory component of pain with pressure pain stimulation, and (c) affective
component of pain with pressure pain stimulation on visual analogue scale (VAS). “% corrugator
activity” indicates the percentage of the integrated surface electromyography (sEMG) without and
with pressure pain stimulation to the baseline integrated sEMG. A significant positive correlation
was found between corrugator muscle activity and the intensity of the affective component of pain.

3.5. Adverse Events

No adverse events were observed.

4. Discussion

As the establishment of an objective pain assessment is required, the recording of
sEMGs of corrugator muscle activity with pain was investigated as a pain assessment
method in this study. In this context, we investigated sEMGs of corrugator muscle activity
with pressure pain stimulation in healthy adults and found that it significantly increased
with pressure pain stimulation. In the present study, we assessed corrugator muscle activity
and sensory and affective components of pain intensities using VAS with pressure pain
stimulation to the tender point in participants who were aware of musculoskeletal pain
in the neck and shoulder. Corrugator muscle activity with pressure pain stimulation was
significantly higher than that without pressure stimulation, and there was a significant
positive correlation between corrugator muscle activity and the affective component of pain
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VAS scores; that is, larger corrugator muscle activity occurred with more unpleasantness.
The results of this study suggest that corrugator muscle activity with pain induced by
pressure stimulation was useful as an indicator for tender point sensitivity assessment
in the skeletal muscle with pain when an increase in corrugator muscle activity was not
observed in chronic musculoskeletal pain.

Without any stimulation, only little activity in the corrugator muscle was observed.
Among the facial muscles said to express one’s emotions [36], the corrugator muscle is
said to express pain and discomfort [10–15]. In previous studies, an increase in corrugator
muscle activity was not observed when the intensity of the pain stimulus was weak and
did not reach the threshold of expressing pain visible to others [37,38] to show a need
for care [39], or corrugator muscle activity increased only with discomfort [33]. Based on
these studies [33,37–39], it is assumed that the intensity of chronic neck/shoulder pain
in the participants in this study was insufficient to increase corrugator muscle activity.
Furthermore, the contraction of the corrugator muscles due to pain not only allows others
to see the pain but also exposes one’s own weakness [40]. On the one hand, if relationships
with others are not trustworthy, the corrugator muscle contraction is suppressed; on the
other hand, if there is sufficient trust, it is expressed [41–43]. It cannot be denied that the
relationship between the participants and the observer was involved in the inactivation of
the corrugator muscle. Alternatively, it cannot be ruled out that the chronic musculoskeletal
pain in this study had lost its fundamental role as a warning signal to induce protective
responses, resulting in no corrugator muscle activity being observed.

Whatever the reasons for the corrugator muscle activity not to occur in patients
with stiff neck/shoulder, there could be few cases in general clinical practice where a
method for the assessment of corrugator muscle activity originating from the patient’s own
musculoskeletal pain can be used. In this sense, the appearance of an increase or absence of
corrugator muscle activity in patients with pain can be a criterion for determining whether
the pain is severe.

Corrugator muscle activity significantly increased with pressure pain stimulation ap-
plied to the tender point in the shoulder of the chronic neck/shoulder pain participants. The
intensity of the sensory component of pain with pressure pain stimulation was significantly
higher than that of chronic neck/shoulder pain. These results suggest that there might be a
threshold for the activation of the corrugator muscle in some neuronal circuits between the
small afferent fibers conducting pain and the corrugator muscle, if any. Furthermore, the
neuronal circuits between the pain afferents and corrugator muscle are assumed to be sub-
liminally activated under a specific threshold by neck/shoulder pain, as indicated by the
correlation between the intensity of chronic neck/shoulder pain and sensory component of
pain on VAS with pressure stimulation, and there was a significantly lower pressure pain
threshold in the chronic neck/shoulder pain participants than in healthy people without
any pain in the neck or shoulder [15]. These results suggest that chronic neck/shoulder
pain lowers the pain threshold, and relatively weak pressure stimulation can induce cor-
rugator muscle activity in patients with pain but without increasing corrugator muscle
activity resulting from their own pain. Considering these results, corrugator muscle activity
induced by pressure pain could be a useful method to assess objective pain sensitivity of
tender points in patients with musculoskeletal pain who have no increased corrugator
muscle activities attributed to their own pain by measuring the threshold or magnitude of
corrugator muscle activity as an indicator for assessments.

Correlations between corrugator muscle activity and either the intensity of sensory or
affective component of pain with pressure stimulation were revealed in our previous study
in healthy participants who had no pain [15]. In the neck/shoulder pain participants, a
significant correlation was revealed only for the affective component of pain; however, there
was a tendency for a positive correlation, close to a significant level, between corrugator
muscle activity and sensory component of pain intensity, and there was a significant
correlation between the intensity of sensory and affective components of pain. These
results suggest that corrugator muscle activity expresses pain and discomfort and that
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it may be used for tender point sensitivity assessment in the skeletal muscle with pain.
However, the affective component of pain is more likely to be involved in corrugator muscle
activity than the sensory component of pain [44–46] considering the current results.

Although no healthy participants without neck/shoulder pain felt pleasantness with
pressure pain stimulation in our previous study [15], three participants with chronic mus-
culoskeletal pain in the neck/shoulder felt the pressure pain stimulation as pleasant in
this study. This phenomenon is similar to the 28% of participants who received acupunc-
ture, in which the skin and muscle were penetrated with a needle, and reported that the
pain was pleasant [35]. This paradoxical phenomenon of perceiving pain as pleasant is
thought to occur because acupuncture is recognized as a beneficial treatment [47], which
may reverse the emotional sensation of pain from unpleasant to pleasant. Since the pres-
sure pain stimulation used in this study is similar to massage stimulation, which is also
recognized as a useful treatment for musculoskeletal pain, including neck and shoulder
pain [48,49], it is possible that pressure pain stimulation, even with an algometer, was
recognized as a beneficial treatment, similar to acupuncture. Whatever the reason, consid-
ering that healthy people without chronic musculoskeletal pain in the neck/shoulder did
not feel pressure pain stimulation as pleasant [15], this phenomenon may be peculiar to
musculoskeletal pain with mechanical pressure, especially chronic pain accompanied by
stiffness, as we often experience it during massage treatments. This suggests the necessity
of combining sensory and affective components of pain VASs with corrugator muscle activ-
ity whenever objective tender point sensitivity is assessed using pressure stimulation for
musculoskeletal pain.

From the current results, there might be two ways of using corrugator muscle activity to
evaluate the intensity of pain. One is for evaluating whether the pain in a patient is strong
enough to activate the corrugator muscle. When corrugator muscle activity is increased in
patients with pain, indicating that pain is relatively strong with unpleasantness, corrugator
muscle activity can be used to evaluate pain intensity with subjective pain assessment methods.
The other is for the evaluation of tender point sensitivity in the skeletal muscle with pain in
patients whose corrugator muscle activity is not increased by their own pain; this is carried
out by employing pressure pain stimulation to tender points to induce corrugator muscle
activity. This means that corrugator muscle activity can be used to determine the effect
of the treatment by applying pressure stimulation or other stimuli to induce pain before
and after treatment. However, approximately 10% of the participants in our study did not
show an increase in corrugator muscle activity with pressure pain stimulation, which may
be a phenomenon unique to skeletal muscle pain. In such patients, sensitivity to opioids
may be involved, considering that corrugator muscle activity is inhibited by opioids [50–53].
Regardless of the mechanism, corrugator muscle activity may not be indicative of pain in
some people. Although the corrugator muscle cannot be used in all people, measurement of
the corrugator muscle activity with pressure stimulation to tender points is expected to be
used as an objective tender point sensitivity assessment in conjunction with subjective pain
assessment methods to achieve a multidimensional assessment of pain; this has recently been
expected because of the complexity of pain [54–57].

The pain assessment system using sEMG of corrugator muscle activity does not
require the patient’s understanding of this method and thought process that is required in
subjective pain assessment using VAS or NRS, to determine pain intensity by imagining
the greatest pain and comparing it to the real pain [3–7]; thus, it may become one of the
objective methods of pain assessment in clinical settings. Furthermore, considering the
usefulness of this assessment system for patients who are unable to determine the amount
of pain they experience [15] and the relative simplicity of utilizing this pain assessment
system at the bedside [15], this system may have real clinical value.

The key findings of this study are that pressure pain stimulation to the tender point
increased corrugator muscle activity in most of the participants with chronic neck/shoulder
pain, whose corrugator muscle activity attributed to the original chronic neck/shoulder
pain was not observed. These findings indicate that a threshold exists for activating the
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corrugator muscle with pain, and pressure pain stimulation activates the corrugator muscle
at a lower threshold in the participants with pain. For clinical implications, in muscu-
loskeletal pain patients whose corrugator muscle activity does not increase, corrugator
muscle activity is useful as an indicator for an assessment of tender point sensitivity using
pressure pain.

This study had the following limitations: All participants had pain in the shoulder but
did not necessarily need treatment; they were young, healthy (except for neck/shoulder
pain), and in their 20s. The results were obtained only for musculoskeletal pain. Pressure
stimuli of different intensities were used across participants. The pressure pain threshold
in healthy participants without pain in our previous study [15] was used for between-
group comparisons of the pressure pain threshold and baseline corrugator activity in the
participants with pain in this study. The possible involvement of measurement error cannot
be completely ruled out with the manual algometer [58], although we used an algometer
that can minimize the error by feed backing the rate of increase in pressure in real time [32],
and the reproducibility of the intensities of pressures of repetitive measures by manual
algometers was reported [15,59]. Further research is needed to solidify the conclusions of
the present study, not only for musculoskeletal pain other than chronic neck/shoulder pain,
but also for pain from other diseases and in patients with reduced facial muscle activity,
such as those with facial paralysis or Parkinson’s disease.

5. Conclusions

Pressure stimulation applied to the tender point in the shoulder increased corrugator
muscle activity in adults with chronic musculoskeletal neck/shoulder pain, although
increased corrugator muscle activity resulting from chronic neck/shoulder pain was not
observed. These findings suggest the usefulness of corrugator muscle activity with pressure
pain stimulation as an objective indication for tender point sensitivity assessment in the
skeletal muscle with pain.

Author Contributions: Conceptualization, T.Y., H.Y., M.T. and N.T.; methodology, T.Y., H.Y., K.I. and
N.T.; formal analysis, T.Y. and M.T.; investigation, T.Y. and K.I.; data curation, T.Y.; writing—original
draft preparation, T.Y. and N.T.; writing—review and editing, H.Y. and M.T.; visualization, T.Y. and
M.T.; supervision, N.T.; project administration, T.Y. and N.T. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Tokyo Ariake University of Medical and Health
Sciences (Tokyo Ariake University of Medical and Health Sciences, approval no. 366, date of approval:
17 December 2021).

Informed Consent Statement: Informed consent was obtained from all participants involved in
the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We would like to thank all the volunteers who participated in this experiment.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Pace, A.K.; Bruceta, M.; Donovan, J.; Vaida, S.J.; Eckert, J.M. An objective pain score for chronic pain clinic patients. Pain Res.

Manag. 2021, 8, 6695741. [CrossRef]
2. Raja, S.N.; Carr, D.B.; Cohen, M.; Finnerup, N.B.; Flor, H.; Gibson, S.; Keefe, F.J.; Mogil, J.S.; Ringkamp, M.; Sluka, K.A.; et al. The

revised International Association for the Study of Pain definition of pain: Concepts, challenges, and compromises. Pain 2020,
161, 1976–1982. [CrossRef]

3. Benhamou, D. Evaluation of postoperative pain. Ann. Fr. Anesth. Reanim. 1998, 17, 555–572. [CrossRef]

https://doi.org/10.1155/2021/6695741
https://doi.org/10.1097/j.pain.0000000000001939
https://doi.org/10.1016/S0750-7658(98)80040-3


Medicina 2024, 60, 223 12 of 13

4. Heller, G.Z.; Manuguerra, M.; Chow, R. How to analyze the visual analogue scale: Myths, truths and clinical relevance. Scand. J.
Pain 2016, 13, 67–75. [CrossRef]

5. Kremer, E.; Atkinson, H.J.; Ignelzi, R.J. Measurement of pain: Patient preference does not confound pain measurement. Pain 1981,
10, 241–248. [CrossRef]

6. Wood, S. Factors influencing the selection of appropriate pain assessment tools. Nurs. Times 2004, 100, 42–47.
7. McGuire, D.B. The measurement of clinical pain. Nurs. Res. 1984, 33, 152–156. [CrossRef] [PubMed]
8. Kappesser, J.; Williams, A.C.; Prkachin, K.M. Testing two accounts of pain underestimation. Pain 2006, 124, 109–116. [CrossRef]

[PubMed]
9. Dawes, T.R.; Eden-Green, B.; Rosten, C.; Giles, J.; Governo, R.; Marcelline, F.; Nduka, C. Objectively measuring pain using facial

expression: Is the technology finally ready? Pain Manag. 2018, 8, 105–113. [CrossRef] [PubMed]
10. Prkachin, K.M.; Mercer, S.R. Pain expression in patients with shoulder pathology: Validity, properties and relationship to sickness

impact. Pain 1989, 39, 257–265. [CrossRef] [PubMed]
11. Sayette, M.A.; Cohn, J.F.; Wertz, J.M.; Perrott, M.A.; Parrott, D.J. A psychometric evaluation of the facial action coding system for

assessing spontaneous expression. J. Nonverbal. Behav. 2001, 25, 167–185. [CrossRef]
12. Wolf, K.; Raedler, T.; Henke, K.; Kiefer, F.; Mass, R.; Quante, M.; Wiedemann, K. The face of pain—A pilot study to validate the

measurement of facial pain expression with an improved electromyogram method. Pain Res. Manag. 2005, 10, 15–19. [CrossRef]
13. Limbrecht-Ecklundt, K.; Werner, P.; Traue, H.C.; Al-Hamadi, A.; Walter, S. Mimic activity of differentiated pain intensities:

Correlation of characteristics of facial action coding system and electromyography. Schmerz 2016, 30, 248–256. [CrossRef]
14. Mieronkoski, R.; Syrjälä, E.; Jiang, M.; Rahmani, A.; Pahikkala, T.; Liljeberg, P.; Salanterä, S. Developing a pain intensity prediction

model using facial expression: A feasibility study with electromyography. PLoS ONE 2020, 15, e0235545. [CrossRef]
15. Yamada, T.; Yajima, H.; Takayama, M.; Imanishi, K.; Takakura, N. Activity of corrugator muscle with pressure pain stimulation in

healthy people. Clin. Transl. Neurosci. 2023, 7, 34. [CrossRef]
16. Finocchietti, S.; Nielsen, M.; Mørch, C.D.; Arendt-Nielsen, L.; Graven-Nielsen, T. Pressure-induced muscle pain and tissue

biomechanics: A computational and experimental study. Eur. J. Pain 2011, 15, 36–44. [CrossRef]
17. GBD 2015 DALYs and HALE Collaborators. Global, regional, and national disability-adjusted life-years (DALYs) for 315 diseases

and injuries and healthy life expectancy (HALE), 1990–2015: A systematic analysis for the Global burden of disease study 2015.
Lancet 2016, 8, 1603–1658. [CrossRef]

18. Onda, A.; Onozato, K.; Kimura, M. Clinical features of neck and shoulder pain (Katakori) in Japanese hospital workers. Fukushima
J. Med. Sci. 2022, 68, 79–87. [CrossRef]

19. Ministry of Health, Labour and Welfare. Japan: Comprehensive Survey of Living Conditions; No. 13. Available online:
https://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa22/index.html (accessed on 13 November 2023).

20. Stewart, W.F.; Ricci, J.A.; Chee, E.; Morganstein, D.; Lipton, R. Lost productive time and cost due to common pain conditions in
the US workforce. JAMA 2003, 290, 2443–2454. [CrossRef] [PubMed]

21. Ohayon, M.M.; Schatzberg, A.F. Chronic pain and major depressive disorder in the general population. J. Psychiatr. Res. 2010, 44,
454–461. [CrossRef] [PubMed]

22. McPeak, A.E.; Allaire, C.; Williams, C.; Albert, A.; Lisonkova, S.; Yong, P.J. Pain catastrophizing and pain health-related
quality-of-life in endometriosis. Clin. J. Pain 2018, 34, 349–356. [CrossRef]

23. Geelen, C.C.; Kindermans, H.P.; van den Bergh, J.P.; Verbunt, J.A. Perceived physical activity decline as a mediator in the
relationship between pain catastrophizing, disability, and quality of life in patients with painful diabetic neuropathy. Pain Pract.
2017, 17, 320–328. [CrossRef]

24. National Library of Medicine. Available online: https://www.ncbi.nlm.nih.gov/books/NBK556098/ (accessed on 13
November 2023).

25. March, L.; Smith, E.U.; Hoy, D.G.; Cross, M.J.; Sanchez-Riera, L.; Blyth, F.; Buchbinder, R.; Vos, T.; Woolf, A.D. Burden of disability
due to musculoskeletal (MSK) disorders. Best. Pract. Res. Clin. Rheumatol. 2014, 28, 353–366. [CrossRef]

26. Kunz, M.; Lautenbacher, S.; LeBlanc, N.; Rainville, P. Are both the sensory and the affective dimensions of pain encoded in the
face? Pain 2012, 153, 350–358. [CrossRef] [PubMed]

27. Lindsay, M.N.; Chen, C.; Gilam, G.; Mackey, S.; Scherrer, G. Brain circuits for pain and its treatment. Sci. Transl. Med. 2021, 13,
eabj7360. [CrossRef] [PubMed]

28. Price, D.D. Psychological and neural mechanisms of the affective dimension of pain. Science 2000, 288, 1769–1772. [CrossRef]
[PubMed]

29. Price, D.D. Central neural mechanisms that interrelate sensory and affective dimensions of pain. Mol. Interv. 2002, 2, 392–403, 339.
[CrossRef]

30. Singh, A.; Patel, D.; Li, A.; Hu, L.; Zhang, Q.; Liu, Y.; Guo, X.; Robinson, E.; Martinez, E.; Doan, L.; et al. Mapping cortical
integration of sensory and affective pain pathways. Curr. Biol. 2020, 30, 1703–1715.e5. [CrossRef]

31. Andersen, L.L.; Hansen, K.; Mortensen, O.S.; Zebis, M.K. Prevalence and anatomical location of muscle tenderness in adults with
nonspecific neck/shoulder pain. BMC Musculoskelet. Disord. 2011, 12, 169. [CrossRef]

32. Evans, D.W.; De Nunzio, A.M. Controlled manual loading of body tissues: Towards the next generation of pressure algometer.
Chiropr. Man. Therap. 2020, 28, 51. [CrossRef]

https://doi.org/10.1016/j.sjpain.2016.06.012
https://doi.org/10.1016/0304-3959(81)90199-8
https://doi.org/10.1097/00006199-198405000-00007
https://www.ncbi.nlm.nih.gov/pubmed/6563532
https://doi.org/10.1016/j.pain.2006.04.003
https://www.ncbi.nlm.nih.gov/pubmed/16716516
https://doi.org/10.2217/pmt-2017-0049
https://www.ncbi.nlm.nih.gov/pubmed/29468939
https://doi.org/10.1016/0304-3959(89)90038-9
https://www.ncbi.nlm.nih.gov/pubmed/2616178
https://doi.org/10.1023/A:1010671109788
https://doi.org/10.1155/2005/643075
https://doi.org/10.1007/s00482-016-0105-x
https://doi.org/10.1371/journal.pone.0235545
https://doi.org/10.3390/ctn7040034
https://doi.org/10.1016/j.ejpain.2010.05.010
https://doi.org/10.1016/S0140-6736(16)31460-X
https://doi.org/10.5387/fms.2022-02
https://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa22/index.html
https://doi.org/10.1001/jama.290.18.2443
https://www.ncbi.nlm.nih.gov/pubmed/14612481
https://doi.org/10.1016/j.jpsychires.2009.10.013
https://www.ncbi.nlm.nih.gov/pubmed/20149391
https://doi.org/10.1097/AJP.0000000000000539
https://doi.org/10.1111/papr.12449
https://www.ncbi.nlm.nih.gov/books/NBK556098/
https://doi.org/10.1016/j.berh.2014.08.002
https://doi.org/10.1016/j.pain.2011.10.027
https://www.ncbi.nlm.nih.gov/pubmed/22112930
https://doi.org/10.1126/scitranslmed.abj7360
https://www.ncbi.nlm.nih.gov/pubmed/34757810
https://doi.org/10.1126/science.288.5472.1769
https://www.ncbi.nlm.nih.gov/pubmed/10846154
https://doi.org/10.1124/mi.2.6.392
https://doi.org/10.1016/j.cub.2020.02.091
https://doi.org/10.1186/1471-2474-12-169
https://doi.org/10.1186/s12998-020-00340-7


Medicina 2024, 60, 223 13 of 13

33. Lanteaume, L.; Khalfa, S.; Régis, J.; Marquis, P.; Chauvel, P.; Bartolomei, F. Emotion induction after direct intracerebral stimulations
of human amygdala. Cereb. Cortex 2007, 17, 1307–1313. [CrossRef] [PubMed]

34. Fridlund, A.J.; Cacioppo, J.T. Guidelines for human electromyographic research. Psychophysiology 1986, 23, 567–589. [CrossRef]
[PubMed]

35. Takakura, N.; Takayama, M.; Kawase, A.; Kaptchuk, T.J.; Yajima, H. Double-blind acupuncture needle: A potential tool to
investigate the nature of pain and pleasure. ISRN Pain 2013, 2013, 825751. [CrossRef]

36. Kappesser, J.; Williams, A.C. Pain and negative emotions in the face: Judgements by health care professionals. Pain 2002,
99, 197–206. [CrossRef]

37. Kappesser, J. The facial expression of pain in humans considered from a social perspective. Philos. Trans. R. Soc. Lond. B. Biol. Sci.
2019, 374, 20190284. [CrossRef] [PubMed]

38. Kunz, M.; Mylius, V.; Schepelmann, K.; Lautenbacher, S. On the relationship between self-report and facial expression of pain. J.
Pain 2004, 5, 368–376. [CrossRef] [PubMed]

39. Craig, K.D. Social communication of pain enhances protective functions: A comment on deyo, prkachin and mercer. Pain 2004,
107, 5–6. [CrossRef]

40. Williams, A.C. Facial expression of pain: An evolutionary account. Behav. Brain Sci. 2002, 25, 439–488. [CrossRef]
41. Karmann, A.J.; Lautenbacher, S.; Bauer, F.; Kunz, M. The influence of communicative relations on facial responses to pain: Does it

matter who is watching? Pain Res. Manag. 2014, 19, 15–22. [CrossRef]
42. Karos, K.; Meulders, A.; Goubert, L.; Vlaeyen, J.W.S. Hide your pain: Social threat increases pain reports and aggression, but

reduces facial pain expression and empathy. J. Pain 2020, 21, 334–346. [CrossRef]
43. Craig, K.D.; Holmes, C.; Hudspith, M.; Moor, G.; Moosa-Mitha, M.; Varcoe, C.; Wallace, B. Pain in persons who are marginalized

by social conditions. Pain 2020, 161, 261–265. [CrossRef] [PubMed]
44. Rainville, P.; Bao, Q.V.; Chrétien, P. Pain–related emotions modulate experimental pain perception and autonomic responses. Pain

2005, 118, 306–318. [CrossRef]
45. Villemure, C.; Bushnell, M.C. Cognitive modulation of pain: How do attention and emotion influence pain processing? Pain 2002,

95, 195–199. [CrossRef] [PubMed]
46. Villemure, C.; Bushnell, M.C. Mood influences supraspinal pain processing separately from attention. J. Neurosci. 2009,

29, 705–715. [CrossRef] [PubMed]
47. Leknes, S.; Tracey, I. A common neurobiology for pain and pleasure. Nat. Rev. Neurosci. 2008, 9, 314–320. [CrossRef] [PubMed]
48. Miake–Lye, I.M.; Mak, S.; Lee, J.; Luger, T.; Taylor, S.L.; Shanman, R.; Beroes-Severin, J.M.; Shekelle, P.G. Massage for pain: An

evidence map. J. Altern. Complement. Med. 2019, 25, 475–502. [CrossRef]
49. Case, L.K.; Liljencrantz, J.; McCall, M.V.; Bradson, M.; Necaise, A.; Tubbs, J.; Olausson, H.; Wang, B.; Bushnell, M.C. Pleasant deep

pressure: Expanding the social touch hypothesis. Neuroscience 2021, 464, 3–11. [CrossRef]
50. Kasai, S.; Hayashida, M.; Sora, I.; Ikeda, K. Candidate gene polymorphisms predicting individual sensitivity to opioids. Naunyn

Schmiedebergs Arch. Pharmacol. 2008, 377, 269–281. [CrossRef]
51. Mercadante, S.; Bruera, E. Opioid switching: A systematic and critical review. Cancer Treat. Rev. 2006, 32, 304–315. [CrossRef]
52. Riley, J.; Ross, J.R.; Rutter, D.; Wells, A.U.; Goller, K.; Du Bois, R.; Welsh, K. No pain relief from morphine? Individual variation in

sensitivity to morphine and the need to switch to an alternative opioid in cancer patients. Support. Care Cancer 2006, 14, 56–64.
[CrossRef]

53. Ross, J.R.; Rutter, D.; Welsh, K.; Joel, S.P.; Goller, K.; Wells, A.U.; Du Bois, R.; Riley, J. Clinical response to morphine in cancer
patients and genetic variation in candidate genes. Pharmacogenomics J. 2005, 5, 324–336. [CrossRef] [PubMed]

54. Breivik, H.; Borchgrevink, P.C.; Allen, S.M.; Rosseland, L.A.; Romundstad, L.; Hals, E.K.; Kvarstein, G.; Stubhaug, A. Assessment
of pain. Br. J. Anaesth. 2008, 101, 17–24. [CrossRef] [PubMed]

55. Frampton, C.L.; Hughes–Webb, P. The measurement of pain. Clin. Oncol. (R. Coll. Radiol.) 2011, 23, 381–386. [CrossRef] [PubMed]
56. Gordon, D.B. Acute pain assessment tools: Let us move beyond simple pain ratings. Curr. Opin. Anaesthesiol. 2015, 28, 565–569.

[CrossRef]
57. Baamer, R.M.; Iqbal, A.; Lobo, D.N.; Knaggs, R.D.; Levy, N.A.; Toh, L.S. Utility of unidimensional and functional pain assessment

tools in adult postoperative patients: A systematic review. Br. J. Anaesth. 2022, 128, 874–888. [CrossRef]
58. Linde, L.D.; Kumbhare, D.A.; Joshi, M.; Srbely, J.Z. The Relationship between rate of algometer application and pain pressure

threshold in the assessment of myofascial trigger point sensitivity. Pain Pract. 2018, 18, 224–229. [CrossRef]
59. Kinser, A.M.; Sands, W.A.; Stone, M.H. Reliability and validity of a pressure algometer. J. Strength Cond. Res. 2009, 23, 312–314.

[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/cercor/bhl041
https://www.ncbi.nlm.nih.gov/pubmed/16880223
https://doi.org/10.1111/j.1469-8986.1986.tb00676.x
https://www.ncbi.nlm.nih.gov/pubmed/3809364
https://doi.org/10.1155/2013/825751
https://doi.org/10.1016/S0304-3959(02)00101-X
https://doi.org/10.1098/rstb.2019.0284
https://www.ncbi.nlm.nih.gov/pubmed/31544612
https://doi.org/10.1016/j.jpain.2004.06.002
https://www.ncbi.nlm.nih.gov/pubmed/15501194
https://doi.org/10.1016/S0304-3959(03)00264-1
https://doi.org/10.1017/S0140525X02000080
https://doi.org/10.1155/2014/195286
https://doi.org/10.1016/j.jpain.2019.06.014
https://doi.org/10.1097/j.pain.0000000000001719
https://www.ncbi.nlm.nih.gov/pubmed/31651578
https://doi.org/10.1016/j.pain.2005.08.022
https://doi.org/10.1016/S0304-3959(02)00007-6
https://www.ncbi.nlm.nih.gov/pubmed/11839418
https://doi.org/10.1523/JNEUROSCI.3822-08.2009
https://www.ncbi.nlm.nih.gov/pubmed/19158297
https://doi.org/10.1038/nrn2333
https://www.ncbi.nlm.nih.gov/pubmed/18354400
https://doi.org/10.1089/acm.2018.0282
https://doi.org/10.1016/j.neuroscience.2020.07.050
https://doi.org/10.1007/s00210-007-0205-3
https://doi.org/10.1016/j.ctrv.2006.03.001
https://doi.org/10.1007/s00520-005-0843-2
https://doi.org/10.1038/sj.tpj.6500327
https://www.ncbi.nlm.nih.gov/pubmed/16103897
https://doi.org/10.1093/bja/aen103
https://www.ncbi.nlm.nih.gov/pubmed/18487245
https://doi.org/10.1016/j.clon.2011.04.008
https://www.ncbi.nlm.nih.gov/pubmed/21571514
https://doi.org/10.1097/ACO.0000000000000225
https://doi.org/10.1016/j.bja.2021.11.032
https://doi.org/10.1111/papr.12597
https://doi.org/10.1519/JSC.0b013e31818f051c

	Introduction 
	Methods 
	Participants 
	Pressure Stimulation 
	Point to Apply Pressure Pain Stimulation 
	Pressure Pain Threshold 
	Pressure Pain Stimulation 

	Measurement of Surface Electromyography (sEMG) of the Corrugator Muscles 
	Subjective Sensory and Affective Component of Pain 
	Experimental Procedures 
	Data Analysis 

	Results 
	Neck/shoulder Pain Intensity, Pressure Pain Threshold, and Baseline Corrugator Muscle Activity 
	Corrugator Muscle Activity without and with Pressure Pain Stimulation 
	Sensory and Affective Component of Pain Intensities with Pressure Pain Stimulation 
	Relationship between Corrugator Muscle Activity and Pain Intensities 
	Adverse Events 

	Discussion 
	Conclusions 
	References

