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A study based on functional
near-infrared spectroscopy:
Cortical responses to music
Interventions in patients with
myofascial pain syndrome

Jiayue Zhang, Ping Shi*, Jiahao Du and Hongliu Yu

Institute of Rehabilitation Engineering and Technology, University of Shanghai for Science and Technology,
Shanghai, China

Object: This study measured cerebral blood oxygen changes in patients with
myofascial pain syndrome (MPS) using functional near-infrared spectroscopy (fNIRS).
The aim was to investigate the effect of music intervention on pain relief in MPS
patients.

Materials and methods: A total of 15 patients with MPS participated in this study.
A self-controlled block task design was used to collect the oxy-hemoglobin
([HbO>]) and deoxy-hemoglobin ([HbR]) concentrations in the prefrontal cortex
(PFC) and motor cortex using fNIRS. The cerebral cortex response and channel
connectivity were further analyzed. In the experiment, the therapist was asked
to apply compression of 3—-4 kg/cm? vertically using the thumb to induce pain.
Soothing synthetic music with frequencies of 8-150 Hz and 50-70 dB was used
as the audio for the music intervention.

Result: Compared to the group without music intervention, the activation of brain
regions showed a decreasing trend in the group with music intervention under
the onset of pain. The results of paired t-tests showed that nine of the data were
significantly different (p < 0.05). It was also found that with music intervention, inter-
channel connectivity was diminished. Besides, their dorsolateral prefrontal cortex
(dIPFC) was significantly correlated with the anterior prefrontal cortex (@aPFC) for pain
response (r = 0.82), and weakly correlated with the premotor cortex (r = 0.40).

Conclusion: This study combines objective assessment indicators and subjective
scale assessments to demonstrate that appropriate music interventions can be
effective in helping to relieve pain to some extent. The analgesic mechanisms
between relevant brain regions under music intervention were explored in depth.
New insights into effective analgesic methods and quantitative assessment of pain
conditions are presented.

functional near-infrared spectroscopy, music intervention, myofascial pain syndrome,
chronic pain, cortical response
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1. Introduction

Chronic pain is a disease with complex causes, high prevalence,
and plagues people of all ages. It lasts for no less than 3 months
and recurrent episodes (Benoliel et al., 2019). According to statistics,
the number of chronic pain patients in China has exceeded 300
million, while 10-20 million people are added every year, Overall,
there is a trend of rapid growth and youth (Fan, 2020). Among
them, myofascial pain syndrome (MPS) is a common form of chronic
musculoskeletal pain. The disease has a complex etiology and occurs
in multiple parts of the body. It is also characterized by a fixed
pressure point (Wang and Pan, 2022). In the general population, the
lifetime prevalence of MPS is as high as 85% (Galasso et al., 2020).
The daily life of such patients can be seriously affected by pain, which
also brings heavy physical, psychological and economic burdens to
the family. Nowadays, how to help patients with pain has gradually
become a medical issue of attention. In the present study, we used
patients with this disorder as the primary objects.

Medications have always been the primary choice for chronic
pain management. However, considering the adverse effects of
opioids, many complementary therapies are gradually emerging
(Agoston and Sieberg, 2016). In view of the causes of pain are
complex and are closely related to the patient’s own emotional
and psychological problems. Previous studies have also shown that,
among many other treatments, music intervention is a non-invasive
and highly actionable approach to reduce pain in patients with
pain (Hole et al, 2015; Choi et al, 2018). So the advantages of
musical interventions are gradually emerging. Qi (2004) found that
appropriate music can attenuate sympathetic activity and enhance
parasympathetic activity in the body, suppressing anxiety situations.
Music can also help patients stabilize their physiological rhythms,
relax their bodies and minds, and relieve pain symptoms. In addition,
long-term music intervention can stimulate melatonin secretion,
which can effectively relieve patients’ insomnia and other symptoms
that accompany pain (Shao and Wang, 2009; Shi et al., 2022).

However, the current evaluation of pain mostly relies on the
use of subjective scale scores, the amount of analgesics used
(Peng et al, 2018b), and the duration of pain tolerance (Cheng
et al,, 2017), which always lacks an objective way of assessment.
With the introduction of electroencephalogram (EEG), functional
magnetic resonance imaging (fMRI), and functional near-infrared
spectroscopy (fNIRS), a new way of studying brain function has
been offered. They are increasingly being recognized as a potential
diagnostic and predictive tool for the treatment of patients with
chronic pain (Davis and Seminowicz, 2017). EEG is often used in
previous studies (Meagher and Albu, 2016; Taesler and Rose, 2016) to
assess the relationship between pain and brain function. Nowadays,
more scholars choose to use fNIRS for pain study, mainly because
of its high temporal resolution, small size, portability, ease of wear,
and insensitivity to motion artifacts. It can be used to objectively
evaluate the level of brain response by measuring changes in blood
flow in the cerebral cortex and thus it can be used to study the
brain’s response to nociception (Hu et al., 2021). It also has great
potential for objective pain assessment in clinical settings and has
been valued. Peng et al. (2018a) used fNIRS to measure the prefrontal
cortex in 14 participants, demonstrating the feasibility of fNIRS for
pain measurement. Gentile et al. (2020) recruited 38 fibromuscular
patients and 21 healthy individuals. By observing changes in the
motor cortex, complex mechanisms of interaction between networks
of pain control and motor function were explored.
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Although fNIRS has been widely used in pain study, few
scholars have used fNIRS to assess the pain relief effects of music
interventions. Therefore, this study will use the fNIRS device for
data collection to explore the observed cortical response to pain in
participants with and without music interventions. Indicators such
as blood oxygen signals, brain activation levels, and brain networks
will be further analyzed to objectively assess the effect of music
intervention on pain.

2. Materials and methods

2.1. Participants

A total of 15 participants (nine females, six males,
37.87 £ 15.34 years) were recruited for this study.
Referring to the Simons 1990 clinical criteria for the diagnosis of

Mage =

myofascial pain syndrome (Patrick, 2000), patients eligible for this
type of chronic pain were included in the study. Exclusion criteria
included: (1) unconsciousness, severe cognitive impairment, and
visual or hearing impairment; (2) previous history of psychiatric
disorders; (3) skin breakdown at the site of compression pain; (4)
inability or refusal to cooperate; and (5) other patients who did not
belong to myofascial pain syndrome. The study was reviewed and
approved by the Medical Ethics Committee of Huadong Hospital
Affiliated to Fudan University (No. 2021K104-F221). All participants
were informed and agreed to cooperate with the study, and the basic
information of the participants is shown in Table 1.

2.2. Task and procedure

The experiments were conducted in a quiet room, and the
participants were familiarized with the experimental procedure in
advance. During the experiments, the participants were asked to sit
in a chair in a comfortable position and to remain as quiet as possible,
avoiding large body and head movements to reduce interference with
the fNIRS signal acquisition.

A self-comparison type of experiment was used in our study.
A block task was designed including three groups of compression
pain stimuli and three groups of rest. The experimental paradigm
is shown in Figure 1. The baseline time as well as the rest
period required participants to relax with their eyes closed, no
additional task was required. Headphones were worn at all times
during the experiment. The experimental tasks were identical for
both groups and the fNIRS device was used for data collection
throughout. Each participant completed two experiments according
to the experimental paradigm, one without and one with music
interventions. There is a 15 min break between them.

According to the preliminary research (Kayashima et al., 2017;
Martin-Saavedra et al., 2018) we found that there was no significant
correlation between the music type and the effectiveness of the
music intervention. Besides, preference for music may not influence
it either. Therefore, we chose a unified music for this study.
Considering that 60-85 dB is the optimal sound threshold range
for the human ear (White, 2000), also, music at 8-13 Hz can
stimulate alpha brain waves, thus helping consciousness to relax
(Deng et al., 2013). Also the low frequency signal of 16-150 Hz in
music can help to relieve pain, reduce stress, and so forth (Bai et al,,
2010). Therefore, together with white noise and brainwave induction
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TABLE 1 Basic information of subjects.

Gender Age Area of pain
S1 M 22 Shoulder
S2 F 44 Hip
S3 F 26 Shoulder
S4 F 23 Neck
S5 M 67 Back
S6 M 25 Back
S7 F 50 Back
S8 F 38 Back
S9 F 23 Neck
S10 F 59 Shoulder
S11 F 58 Shoulder
S12 F 48 Shoulder
S13 M 25 Neck
S14 M 27 Shoulder
S15 M 33 Neck

techniques, soothing synthetic music with frequencies of 8-150 Hz
and 50-70 dB was used for the music intervention. To avoid possible
persistent effects even after music pauses, experiments without music
interventions were conducted first, followed by music.

According to the characteristics of myofascial pain syndrome,
pressure on the painful area triggers regional pain. An experienced
therapist was asked to apply compression to the area of pain to
induce pain (see Table 1 for details), and the participants were
asked for visual analogue scales (VAS) for pain with pressure (Ye
et al,, 2021). The therapist was trained before the experiment and
was subsequently asked to perform 10 compression tests using a
pressure transducer. The compression force was measured to be
3.52 & 0.221 kg/cm?, and each compression force was relatively even.
The study (Tong et al., 2022) proved that 3-4 kg/cm? could induce
pain and therefore could meet the experimental requirements.
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FIGURE 1
An experimental paradigm for music intervention. (A) Without music
intervention. (B) With music intervention.
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Arrangement of each channel, where red indicates the light source,
blue indicates the receiver source and yellow pathways indicate the
channels.

2.3. Imaging acquisition

The Brite 24 (Netherlands) system was used to acquire data
with light sources of 760 and 850 nm. The device consists of 10
light sources and eight receiver sources, and the distance between
them is 30 mm by default. To synchronize the recording of noise
from the brain surface to remove interference, the channels can
be set up for short interval pathways with a distance of 15 mm
between the light source and the receiving source (such as CH17
and CHI18). NIRS channels are set as shown in Figure 2. The
acquisition rate of the device was set to 10 Hz to capture the
changes of oxyhemoglobin ([HbO;]) and deoxyhemoglobin ([HbR])
concentrations in the participant’s brain in real-time. When the brain
tissue is excited, the trend of increasing [HbO,] concentration in the
blood vessels of the local brain activation area is more significant (Iso
et al,, 2021). Therefore, the trend of [HbO;] concentration changes
was selected as the main observable index.

The “pain matrix” theory was proposed by Melzack in the 1980s,
based on the observation of brain regions by pain imaging. It
covers several regions of the cerebral cortex, and brain activation
is considered to be more obvious and objective evidence that an
individual is experiencing pain (Legrain et al., 2011). The key brain
region for assessing pain is the prefrontal cortex (PFC), which is
the supreme central system for nociceptive coding and is mainly
responsible for integrating sensory and emotional information (Baliki
etal., 2008). Therefore, in the present study, it was used as the primary
concerned brain region. Nine channels were placed in each of the left
and right brain as measurement areas, and both areas were placed
symmetrically. BA6, BA9, BA10, and BA46 were used as regions of
interest (ROI) according to the Brodmann area (see Table 2).

2.4. Data analysis

To remove the unavoidable noise interference, including
baseline drift, physiological signal interference, motion artifacts,
and industrial frequency noise, during data acquisition, the data
processing is divided into the following steps. First, the acquired
fNIRS data are de-drifted to remove motion artifacts, such as head
movement signals (Cui et al., 2010). The processed data is then passed
through a bandpass filter of 0.01-0.1 Hz to filter out the general noise.
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TABLE 2 Corresponding brain regions, Brodmann, channels
and coordinates.

Channels MNI coordinates

Brodmann

PMA and BA6 CH3 63 16.333 11.667
SMA
CHI15 —61 15.333 15.667
aPFC BA10 CH5 27.667 67 18
CH9 —36.667 64 0
CHI10 —15.333 71.667 15
CH18 —10 72 14.667
dIPFC BA9 CH17 14 59.667 38
BA46 CHS8 45.333 57.667 6.333

Finally, the shallow noise recorded by the short interval pathway was
removed from the total signal by noise regression to complete the
pre-processing operation.

We used a generalized linear model (GLM) for the analysis of
brain activity under different experimental conditions to estimate
the activation of brain regions (Schroeter et al., 2004), as shown
in formula (1). Where y denotes the observed data, X denotes
the desired reference value, § denotes the parameter value to be
estimated, and ¢ denotes the residuals. Thus, under the guidance
of this model, the individual hemodynamic response index can
be calculated by estimating the sum of each channel to calculate
individual hemodynamic response indices.

y=Xp+e (1)

2.5. Statistical analysis

The NIRS-KIT software was used to process the values obtained
for the activation in the participants brain. Referring to the GLM
model, values for periods of compression pain stimulation and rest
periods were obtained by interpolation and smoothing operations on
the human brain. Statistical analysis was performed using SPSS 26.0
software. The normality of the data was verified using the Shapiro-
Wilk test, which conforms to a normal distribution. Subsequently,
to test for differences in activation between channels, a paired ¢-test
was performed on values with and without the music intervention.
p < 0.05 indicates a significant difference. In addition, the Pearson
correlation coeflicient was used for functional connectivity analysis
(FC). [HbO;] was calculated for each participant under both
conditions, and individual FC was obtained from each channel time
series. The mean value was taken to obtain the group mean FC, and
an 18 x 18 group level matrix was generated.

3. Results

3.1. Trends of [HbO5] concentration

Shown in Figure 3 are the trends of [HbO;] concentration
changes in the channels covered by the ROI brain region during
the experiment. It can be seen from the figure that during the
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resting state, [HbO2] concentrations showed sinusoidal dynamic
changes (Han et al., 2017). However, there was a clear upward trend
in the presence of pain-inducing tasks (shaded in green), while
activation occurred in the brain areas observed. The peak in [HbO;]
concentration occurred during the pain-induced task period without
music intervention. Meanwhile, the overall trend of change with
music intervention was flat compared to the trend without music
intervention.

3.2. Activation of brain regions

The brain areas examined by the device also showed different
degrees and ranges of activation, as shown in Figure 4. It shows
the brain activation of participants in both conditions, with different
colors indicating the activation of the brain channels. It was found
that the brain areas monitored during the music intervention tended
to have a reduced activation range, with a general decrease in
activation and a certain relief of brain tissue excitation.

The activation intensity was calculated separately according
to the activation level of the channels in the task, with higher
values indicating stronger activation. A comparison of the activation
intensity of each ROI for all participants with and without the music
intervention is shown in Table 3. It can be seen that the group with
music intervention was significantly lower than the other group. The
channels in the ROI were selected to compare the brain activation
levels of each participant in the condition with and without the
music intervention, as shown in Figure 5. As can be seen from
the figure, the mean activation levels of the participants under the
music intervention were generally lower than those without the music
intervention. Nine of the participants experienced significant pain
relief (p < 0.05).

3.3. Channel connectivity analysis

Figure 6 shows the FC between the channels. Each pixel value
in the matrix corresponds to a Pearson correlation coefficient value,
and the Pearson correlation coeflicient indicates the correlation
between the measured channels. As can be seen that the correlations
between the channels differed significantly in both conditions. In
the condition without music intervention, strong correlations existed
between the channels, especially for CH3-5 and CH7-11. In the
other condition, the correlations between the channels generally
diminished.

3.4. Correlation of ROI brain regions

Based on channel connectivity, ROI was selected, and Pearson
analysis was continued on the situation regarding [HbO,]
concentration under music intervention. These results are shown in
Figure 7. Among them, BA9 and BA10 have high linear correlation
(p < 0.05). BA6 and BA9 have low linear correlation (p < 0.05), and
the correlation between the remaining brain regions is not strong.

3.5. VAS score

According to the participants’ subjective self-report, they were
distracted and their pain condition was partially relieved in the

frontiersin.org


https://doi.org/10.3389/fnhum.2023.1119098
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org/

Zhang et al.

10.3389/fnhum.2023.1119098

3.0 T T

2.5

20

151

The concentration of HbO2(umol/L)

A5

‘\ ——Without music intervention
\ ——With music intervention

1 1 1

FIGURE 3

90 120 150

Time (s)

Partial time series plot of the oxy-hemoglobin ([HbO;]) concentration response of the channels covered by the regions of interest (ROI) brain region.

presence of the music. They were also asked to perform subjective
pain scores using the VAS. As the Figure 8 showed that those in
the condition with music intervention were significantly lower than
those in the condition without music intervention, and there was
a significant difference between the two groups (p < 0.05). The
association between B values and VAS scores for the assessment
of pain was further analyzed using chi-square tests. The § values
represent the objective reflection of the fNIRS signal on pain
changes and the VAS score represents the subjective perception
of the participants. The results of the analysis revealed significant
correlations between values and VAS scores for the assessment of pain
(%% =5.104, p < 0.05).

4. Discussion

Music therapy has been widely used in clinical practice and
has been shown to have a positive effect on the treatment of pain.
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Psychology believes that music can be used as a therapeutic tool,
mainly due to its mood-boosting, anxiety-reducing, and mood-
improving effects (Bernatzky et al., 2011). Therefore, it can reduce
the patient’s perception of pain and regulate the psychological state,
thus relieving pain. This is also the general opinion of music therapy.
It has also been found that there is a close connection between music
and functions of the brain (Luo et al., 2022). Based on the changes in
blood oxygen concentration detected by the fNIRS device in response
to brain function, we objectively verified that soothing music can
alleviate pain conditions to some extent.

4.1. The fNIRS signal may reflect changes
in pain conditions

Quantitative analysis showed that changes in the [HbO,] signal
acquired by fNIRS contributed 73-79% to the measured changes
in total hemoglobin concentration (Hu et al,, 2021). Therefore, this
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Comparison of activation levels in the prefrontal cortex (BA9, BA10,
BA46) and motor area (BA6) with or without music intervention. The
color from blue to red indicates a continuous increase in brain
activation. The regions of interest (ROI) brain regions mentioned
above that are associated with pain have been framed, including the
prefrontal cortex and motor cortex.

study was based on the [HbO,] signal from fNIRS for further analysis.
The analysis of B values and VAS scores according to this paper in
2.5 revealed a significant correlation between the results of objective
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and subjective assessments, which can also corroborate the idea that
fNIRS signals can reflect changes in pain conditions.

It is known from previous fNIRS studies that using the average
values of task blocks in the statsitic analysis is a common method
(Yang et al., 2020; Xia et al., 2022). The trend of the change in [HbO,]
concentration after taking the mean value for the three tasks is shown
in Figure 3. In-depth, it was found that when the same stimulus
was applied to the participant multiple times, it caused a habituation
effect, resulting in a slight weakening of the signal (Yucel et al., 2015).
Thus the habituation effect may lead to slight deviations in the trend
of change. Meanwhile, it is evident from Figure 3 that the trend of
[HbO;] concentration change with music intervention was flatter
and the peak value was significantly lower than that without music
intervention. It is thus hypothesized that the music intervention has
some effect on analgesia.

4.2. Brain area response to music
intervention

It is known from relevant studies that patients with pain are more
prone to negative emotions such as anxiety and depression. There is
often a complex relationship between pain and emotional problems,
and they affect each other (Fishbain et al.,, 1997; Mccracken et al.,
1999). And music can help patients regulate their emotions, which
will have an impact on the activation status of PFC (Peretz, 2001).
Therefore, the study used the PFC as the main observed brain region
to obtain abundant pain-related information and implement further
in-depth studies.

The PFC is connected to several other known pain-related
brain regions, such as the insular cortex and parietal cortex, which
synergistically modulate pain perception processes. Several pain-
related studies, including cold stimulation (Pourshoghi et al., 2016;
Sharini et al,, 2019), thermal stimulation (Yennu et al., 2016),
mechanical pressure stimulation of the fingers (Chih-Hung et al,
2013) and lower back (Vrana et al., 2016), have confirmed that PFC
activation is positively correlated with increased pain. In our study,
when stimulation occurred, the PFC brain region became excited, the
[HbO,] concentration increased, and activation of the brain region
occurred. Thus confirming that activation of the PFC brain region
occurs accordingly during pain onset. Depending on their location
in the prefrontal cortex, the functions they are responsible for vary
considerably and represent different meanings.

Bsliki (Baliki et al., 2011) demonstrated in their findings that
the PFC is usually activated during pain and that the activation is
positively correlated with the enhancement of pain perception. The
dIPFC is primarily involved in the capacity for attention, working
memory, and motivational execution. Gustin et al. (2010) found
that the intensity of pain experienced by patients with all types
of pain was significantly correlated with the magnitude of dIPFC
activation. Other related studies have shown that activation of the
dIPFC is associated with midbrain excitation. Activation leads to
the release of opioid peptides, which in turn relieves pain (Li et al,,
2022). The topography of activation of brain regions in Figure 4
provides changes in the location and extent of activation of the
PFC with and without music intervention. From our study, it is
clear that after the music intervention, the prefrontal brain regions
showed different extents of diminished response to pain and reduced
excitatory areas of the brain, which is consistent with the findings of
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TABLE 3 Comparison of activation intensity between the two groups.

10.3389/fnhum.2023.1119098

Without music intervention 15 0.152 £ 0.191 0.244 + 0.498 0.021 +0.181 0.114 +0.170
With music intervention 15 —0.153 & 0.340 —0.175 £ 0.292 —0.069 = 0.157 —0.050 == 0.144
t - 2.504 2301 2.178 2.160
P - 0.025* 0.037* 0.047* 0.049*
*p 0.05.
B without music intervention
06 B with music intervention
* * * * * * * *
1 - 1 [ i 1 1
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FIGURE 5

Degree of activation of brain areas in conditions with and without music intervention (*p < 0.05). The error bars indicate the standard error of the mean.
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Functional connection matrix for each channel with and without music intervention. (A) Without music intervention. (B) With music intervention. It
presents the connectivity matrix heat map for the two conditions with and without music intervention, respectively. In this case, each pixel value in the
18 x 18 matrices corresponds to a value of the Pearson correlation coefficient, which is used to express the correlation between the channels.

previous studies (Peretz, 2001). The ventromedial prefrontal cortex
(vimPFC) brain region is also part of the PFC and this brain region is
mainly associated with the management of negative emotions (Qin,
2014). Its activation was diminished in the presence of the music

Frontiers in Human Neuroscience

intervention and the relief of negative emotions was also associated
with its reduced activity. Therefore, it can be inferred that the music
intervention helped the participants to alleviate negative emotions
such as anxiety (Hirschfeld, 2011).
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FIGURE 8
Visual analogue scales (VAS) scores in the condition with and without
BA6 BA9 BA10 BA46 musical intervention (*p < 0.05).
FIGURE 7
A correlation of regions of interest (ROI) brain region in the condition
of music intervention. Red represents a positive correlation, blue
represents a negative correlation, and darker color means a more prefrontal cortical regions act in coordination, and this study verified
significant correlation. The number indicates the correlation this idea
coefficient r. Usually |r| > 0.7 defined as high correlation, S . . X
0.3 < |r| < 0.5 defined as low correlation, and |r| < 0.3 defined as no In addition, some motor areas also played a role in the nociceptive
correlation. experiment. This study concluded that there was also a weak
positive correlation between BA6 and BAY, indicating that motor

In addition to PFC areas, this study also found a trend
Based on the
corresponding functions of brain regions, it is known that SMA
mainly controls the proximal and trunk muscles of the body. The
activation of this region is associated with pain avoidance and is a
conditioned reflex in the body. In the music intervention condition,

of decreased activation in related motor areas.

the participants’ muscle tension decreased, which had a relaxing effect
on muscle tone and reduced the participants’ subconscious avoidance
response to pain (Guétin et al., 2005). Changes in motor areas in the
conditions with and without music intervention are also shown in
Figure 4. The general decrease in activation in the music condition is
consistent with the findings of previous studies that motor areas also
reflect analgesia (Zhang et al., 2001). Thus, it can be inferred that a
decrease in the activation of the motor area could also indicate the
relief of the pain condition.

4.3. Mechanisms and effects of analgesia
with music intervention

Several studies have shown that nociceptive information is
transmitted upward through the spinal cord to the brain, into relevant
brain regions such as the thalamus, amygdala, anterior cingulate
gyrus, and insula. Through structures connected to the medial
prefrontal cortex (mPFC), thus constituting nociception and pain-
related emotions (Tracey and Mantyh, 2007; Apkarian et al., 2009).
The analgesic effect produced by music interventions is a top-down
mechanism of action. In relevant brain imaging studies, it has been
shown that the dIPFC may be involved in cortical mechanisms of
nociceptive modulation (Lin et al.,, 2009). dIPFC distracts patients
from painful thoughts by coordinating with prefrontal cortical
regions. It helps patients to relax by regulating their emotions and
cognition, which in turn regulates pain (Jensen et al., 2012). This
is the mechanism of action of music interventions for pain relief.
Therefore, from the correlation of ROI in Figure 7, a significant
positive correlation was found between BA9 and BA10. So dIPFC and
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areas were also involved. This may be caused by distraction. The
distraction reduces the patient’s stress avoidance response to pain,
pain sensitivity is significantly reduced, and the motor area reflects
the analgesic effect (Usui et al., 2020). The distraction of attention is
the basic principle of pain therapies. Since human attention is finite,
music interventions can achieve pain relief by partially diverting
attention from unpleasant mental activities and helping patients to
stop concentrating on noxious stimuli, thus reducing their perception
of pain (Mobily et al., 1993).

FC has been widely used to study the interactions between brain
regions, thus helping to understand the mechanisms of chronic
pain. Related studies have found that pain leads to a significant
enhancement of connectivity between networks related to emotion,
cognitive control networks, and somatosensory-related networks
(Zheng et al., 2020). The main brain region observed was the PFC
associated with emotion, cognition, etc. As can be seen in Figure 6,
the connectivity between the channels responsible for pain perception
and pain regulation was significantly enhanced in the condition
without music intervention. In contrast, the connectivity between the
channels was generally reduced under music intervention. Therefore,
this finding also confirms that music intervention has a relieving
effect on pain.

It is clear from Figure 5 that nine participants had significant
pain relief (p < 0.05) and several other participants had varying but
not significant pain relief. This is because each person’s perception
of music is slightly different, and their emotions are very subjective.
Different styles of music have different effects on them, so the actual
effect may not always be significant. Today, clinical studies have well-
validated that music intervention is a non-invasive intervention that
can help patients with pain. However, the factors associated with it
are still complex and unknown (Robb et al., 2011).

5. Limitations

Due to the diversity of chronic pain and its complex etiology, it
is controversial whether different chronic pains have the same pain
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response areas (Xin et al., 2012). Previous studies have also shown
that pain sensitivity varies across age groups (Zhang et al,, 2021).
Therefore, our subsequent studies will address these issues in depth,
expanding the number of participants and disease types. Add EEG
and fMRI together to investigate the mechanisms by which music
improves the response to pain conditions in other brain regions. In
addition, the types of music will be added to explore the variability
of neurophysiological responses to pain stimulation in patients using
different frequency bands of music.

6. Conclusion

This study combined the collected cerebral blood oxygen signals
with data related to functional brain activity and found that changes
in [HbO;] concentrations in relevant brain regions can objectively
reflect a person’s pain situation. It also found that appropriate music
could help to distract and relieve anxiety and relief pain. This
confirms the view of many previous studies on the effect of music
interventions on pain relief. It was also verified that during the
onset of pain, in addition to the activation of emotion-related PFC
brain areas, the related motor areas are also activated, and there is a
correlation between them.
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