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Purpose: Music therapy is widely used to enhance well-being, reduce pain, and distract 
patients from unpleasant symptoms in the clinical setting. However, the degree to which 
music modulates pain perception is unknown. The medial pain pathway including the limbic 
system is associated with emotion, but how music alters pathway activity is unclear. The aim 
of the study was to investigate pain thresholds and pain-related responses in the anterior 
cingulate cortex (ACC) and whether they were modulated when subjects listened to their 
favorite music genre.
Subjects and Methods: First, 30 subjects were examined for left forearm pain threshold 
using electrical stimulation with Pain Vision PS-2011N. The pain thresholds with and with-
out music were compared. Second, when an 80-μA current from Pain Vision was applied to 
the left ankle of eight women, the pain-related responses of the ACC with and without music 
were observed with functional magnetic resonance device (fMRI). The changes in the pain- 
related activity in both parameters were discussed.
Results: The median pain threshold with favorite music was 38.9 μA, compared to 29.0 μA 
without, which was significantly different (p<0.0001). The men’s thresholds were significantly 
higher than women’s both with music (p<0.05) and without music (p<0.01). The pain threshold 
in women was more strongly affected by music than in men. The fMRI results showed that the 
pain-related response in the ACC in five of eight subjects was attenuated while they listened to 
their favorite music. No change was observed in the other three subjects.
Conclusion: The present findings suggest that pain perception might be strongly affected by 
listening to favorite music, possibly through modulation of pain-related responses in the 
ACC.
Keywords: pain threshold, music, forearm, anterior cingulate cortex, medial pathway

Introduction
Pain is a very important signal to warn of actual or potential tissue damage. 
However, it is also unpleasant and intrusive, which might inhibit physical activity 
or lead to depression. The pain eventually enhances disease-associated psychologi-
cal and physiological deterioration,1 and these mental and physical changes impair 
quality of life.2

Many studies have demonstrated that the cognitive degree of pain is appreciably 
influenced by environment or emotion. For example, palatable food, pleasant odors, 
and interesting things were all found to reduce pain perception.3 As a pleasant stimuli, 
music therapy could be considered as a nonpharmacological method for reducing 
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patient pain and anxiety.4–6 Music effectively improves 
mood because it elicits a comfortable feeling with sound, 
rhythm, and melody,7–9 calming the mind through the auto-
nomic nervous system.10,11

Listening to music affects brain regions related with 
emotion such as the amygdala and anterior cingulate cor-
tex (ACC), and the positive emotion interferes with noci-
ceptive processing at the level of the spinal cord.12 

A previous report stated that the awareness of pain cogni-
tion was affected by pleasant or unpleasant stimulation; 
that is, pleasant music reduced pain, whereas unpleasant 
stimuli had no effects or tended to increase pain.13 

However, the degree to which pain perception is modu-
lated by emotion remains poorly understood.14–16

There are three ascending pain pathways: lateral, medial, 
and spinohypothalamic. The lateral pathway projects to the 
primary somatosensory area (S1) and secondary somatosen-
sory area (S2) of the cerebral cortex via the lateral nucleus 
thalamus from the spinal cord,17 which contributes to the 
strength of pain felt. The medial pain pathway projects to the 
limbic system including the ACC and insula via the medial 
nucleus thalamus from the spinal cord and is associated with 
the affective-motivational component of pain (emotional 
reactions, attention to the pain stimulation, and escape 
response).18,19 The ACC is well known to participate in 
pain sensation and nociceptive processing in animals and 
humans.20–22 The spinohypothalamic pathway activates the 
autonomic nervous system and endocrine system in response 
to pain. We hypothesized that favorite music would reduce 
pain-related response on medial pain pathway.

Functional magnetic resonance imaging (fMRI) has 
been used to assess activity of brain structures during 
neural processing of acute pain.23 Moreover, the imaging 
changes induced by sensory or motor activation depend on 
the task during imaging. The most commonly measured 
signal is blood oxygen level-dependent contrast (BOLD), 
which expresses neuronal activity as the variation in oxy 
hemoglobin (Hb) to deoxy Hb ratio.

In this study, we investigated how listening to favorite 
music affected the change in pain threshold and the pain- 
related response of ACC to clarify the modulatory effect of 
music and emotion.

Subjects and Methods
Subjects
Thirty volunteers (15 men, 15 women, 13–85 years old) 
participated in the pain threshold study. The mean ± SE 

age of men was 45.4 ±1.3 years and women was 50.0±1.2 
years. They did not have a history of cardiovascular dis-
ease, neurological disorders, and diabetes and did not take 
psychotropic and analgesic medication. Among them, 
eight women (29–51 years old) took part in the fMRI 
study of the pain-related response in the ACC.

The present study was approved by the Ethics 
Committee of Matsumoto Dental University (No. 145 
and 195). Informed consent was obtained from all partici-
pants. This study followed the Declaration of Helsinki 
with regard to medical protocol and ethics.

Music
Each subject brought their own favorite CD. In both 
experiments (forearm pain threshold and fMRI of the 
ACC), subjects were listening to the same music.

Pain Threshold Assessment
Pain thresholds were measured using Pain Vision PS- 
2011N (Nipro Co., Ltd.). A disposable skin electrode (EL- 
BAND, Nipro Co., Ltd.) was pasted on the left forearm to 
deliver electrical stimulation (pulse electric current: 0.3ms, 
50Hz). The intensity of the stimulation was gradually 
increased. When subjects recognized pain on the forearm, 
they used a hand switch to stop the electrical stimulation, 
and the stopped electrical intensity was considered the 
pain threshold. We compared thresholds with and without 
favorite music and between genders.

Procedure
This study was performed in a silent room maintained at 
23°C. The participants sat in a comfortable chair, wore 
headphones, and kept their eyes open.

All subjects rested for 5 min, and forearm pain thresh-
old without music was measured three times with 1-min 
intervals. After a 2-minute rest, forearm pain threshold 
was measured using the same protocol while subjects 
listened to their favorite music (Figure 1).

The subject-selected music started to play 10 s before 
the initial electric stimulation, and it continued until the 
completion of the third measurement (Figure 1).

Statistical Analysis of Pain Threshold
We used Wilcoxon tests to compare forearm pain thresholds 
with and without music. Mann–Whitney tests were per-
formed to compare findings in men and women. All statis-
tical analyses were processed using SPSS ver.23 (IBM), and 
difference were considered significant at p<0.05.
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fMRI
Task Design
Before beginning the experiment, we performed pre-tests to 
determine the optimal intensity of electrical stimulation gen-
erated by Pain Vision for ankle stimulation. The individual 
difference of pain threshold for eight subjects was not almost 
recognized in MRI room, which results from very loud sound 
from MRI machine. Then, we fixed the intensity of pain 
stimulation with 80 μA. The current was painful in all subjects 
but did not elicit stress due to the intermittent stimulation.

The task design was composed of four cycles without 
music and four cycles with music. One cycle comprised an 
On and Off time that were each 32 s (Figure 2A). 
A disposable electrode was attached on the inside of the 
left ankle of each subject who put on headphones made of 
resin. The 80-μA current was applied to the left ankle for 4 
s with 4-s rest intervals in the On time (Figure 2B). The 
music started to play at the fifth cycle and continued to 
play until the end of the eight cycles (Figure 2A).

Image Acquisition
ACC activity was investigated using a Signa MR/i Echo 
Speed 1.5T (GE Healthcare) at the Ibi public welfare 
hospital. The BOLD parameters were as follows: repeti-
tion time=4000 ms, echo time=44 ms, flip angle=90, field 
of view=240 mm, matrix=64 X 64, Slice 
thickness=3.8 mm.

Data Analysis
All images were analyzed using SPM5 (Wellcome Centre 
for Human Neuroimaging) and MATLAB 6.5.2. 
(MathWorks). At first, the movement gap of the head and 
the time lag during photography for all functional images 
were corrected. Next, each personal brain in the image was 

converted into standard brain to normalize anatomically. 
Finally, we compared ACC activity from the images in Off 
and On time with brain template provided by Montreal 
Neurological Institute24 and Talairach’s atlas.25

Results
Music Selection
The kinds of the music that subjects chose were classical 
music (2 women), Japanese pop with song (4 men and 3 
women), Chinese pop without song (2 men), Japanese 
ballads with song (5 men and 7 women), rock with 
English song (1 man and 1 woman) and Japanese folk 
with song (3 men and 2 women).

Eight subjects who selected healing classical music 
(n=1), Japanese pop (n=2), Japanese ballads (n=4) and 
rock (n=1) participated in fMRI study.

Pain Thresholds
The median pain threshold with music in the all sub-
jects was 38.9 μA, while that without music was 29.0 
μA. Pain thresholds with music were significantly 
higher than those without music (p<0.0001, Figure 3). 
The median of men’s pain thresholds with music was 
42.6 μA, compared to 40.3 μA without (p<0.05). The 
women’s median pain thresholds with and without 
music were 28.3 μA and 18.5 μA, respectively 
(p<0.0001, Figure 4). Men’s pain thresholds were sig-
nificantly higher than women both with music (p<0.05) 
and without music (p<0.01) (Figure 4).

fMRI
ACC activity during electrical stimulation on the ankle 
was observed in all eight women who participated in 

Figure 1 Assessment of forearm pain threshold. Measurements of each condition (music or no music) were performed three times with 1-minute rest intervals.
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this experiment (Figure 5A and B). The location of the 
most significant active focus for ACC was showed at 
−10, 12, 26 (x, y, z) as an anatomical region given in 
the Talairach coordinates.25 In five subjects, the pain- 
related response in the ACC was attenuated by listening 
to their favorite music (Figure 5C and D). In three 
subjects who selected classical music (n=1) and ballads 
(n=2), there was no discernible change in ACC activity 
with and without music.

Discussion
Pain recognition is determined by the balance between 
peripheral and central influences and is influenced by 
memories and emotional, pathological, genetic, and cog-
nitive factors.26 This makes it is difficult to assess pain 
strength in individuals. The Pain Vision system used in 
this study can objectively quantity pain threshold using 
electrical stimulation and a safety device used in medical 
clinical practice.

Figure 3 Forearm pain threshold comparison with and without favorite music. 
***p < 0.0001 (Wilcoxon test).

Figure 2 Task design of the fMRI study. (A) The task was composed of four cycles without music and four cycles of listening to the subject’s favorite music. One cycle was 
comprised of On time (32 s of current) and Off time (32 s of no current). (B) Electrical stimulation at the On time. An 80-μA electrical current was applied to the left ankle 
for 4 s four times during On time.
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In this study, the value of the forearm pain threshold 
while listening to music was significantly higher than that 
without music. Our results demonstrate the subject’s favor-
ite music could increase their pain threshold; that is, the 
music decreased sensitivity. Pain is also enhanced by pain- 
relevant anxiety.27 However, some questionnaire-based 
studies found that listening to music reduced anxiety and 
stress as well as pain.28–30 It is thought that music perfor-
mance (tempo, rhythm, and song) could enhance positive 
emotion, which helps relieve pain, anxiety, unpleasant and 
stress.31 Classical music is widely used in dental or med-
ical clinics to enhance relaxation induced by physiologic 
and psychological responses to the music.32–34 We pre-
viously compared pain threshold on the skin and gingiva 
while subjects listened to classical music, pop, or no 
music. The thresholds on the skin and gingiva were sig-
nificantly higher during pop music compared to no music. 
For the oral cavity gingiva, classical music also increased 
the threshold.35 When the value of the pain threshold 
without music was set as 100%, the change rate of the 
pain threshold with pop music was 120.9%.35 In this study, 
the change rate with favorite music was even higher, at 
125.3%. This demonstrates that an individual’s favorite 
music can appreciably reduce acute pain. This result was 
consistent with our hypothesis. However, in previous study 

using autoalgometry, no significant effect on pain thresh-
old was obtained with Mozart’s music compared to 
silent.36 It was suggested that used device and evaluation 
method might result in the difference. There was certainly 
the individual difference of the pain perception in the even 
comfortable environment, but we obtained an effective 
result with listening to favorite music.

The human body descending pain modulation system 
resides in the periaqueductal gray (PAG) of the brainstem 
as the restraint system for the pain.37 Music affects the 
generation of morphine-6-glucuronide, expression of the μ 
opioid receptor,38 and promotes endorphin production.39 

The descending pain-modulatory mechanism attenuates 
ascending signals through opioidergic, noradrenergic, and 
serotonergic signaling via the rostral ventromedial medulla 
or locus ceruleus.13,40 These functions might underlie the 
music-mediated increase in pain threshold. That is, pain 
perception contributes to the balance between ascending 
and descending pathways with emotional effects.

Thresholds in men were significantly higher than 
women both with music and without music. One gender 
difference that could explain this observation is the more 
prominent effect of the serotonin/dopamine system on pain 
processing in men.41 Therefore, men’s pain thresholds 
were higher than women’s. Gender differences are caused 

Figure 4 Forearm pain threshold with and without music stratified by gender. *Threshold comparison with favorite music versus without music: *p < 0.05, ***p < 0.0001 
(Wilcoxon test); #Gender comparison with favorite music or without music: #p < 0.05, ##p < 0.01 (Mann–Whitney test).
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by interactions among the endogenous opioid system and 
genetic, physiological, gonadal hormonal, psychological, 
and social factors.42,43

Comparison of forearm pain thresholds between the 
music and no music condition, women had a more sig-
nificant difference than men. There was not the significant 
difference between the age of men and women. Therefore, 
the gender difference may be that psychological and emo-
tional factors contributed to greater pain relief in women. 
This would suggest that stimuli awareness in women is 
more easily affected by emotion compared with in men.

We identified an fMRI-based neurologic signature in 
the ACC associated with electrical pain stimulation, and 
this response was altered when subjects were listening to 
their favorite music. In five subjects, the ACC pain-related 
response to electrical ankle stimulation was attenuated by 
music. The medial pain pathway might be inhibited by 
comforting emotions elicited by one’s favorite music.44 

The ACC, insula, amygdala, and prefrontal cortex are 
important regions that process the affective-motivational 
dimension of the pain experience.45–47

There is another possible expectation for our findings. An 
attention effect (distraction from pain) could modulate neural 
activity in the pain matrix.48 Subjects were paying attention 
to the music even during electrical stimulation delivery. 
Researchers have investigated whether alterations in atten-
tion affect brainstem activity and nociceptive processing via 
these cortico-brainstem influences. A neurophysiology study 
showed that increased PAG activity significantly distracted 
attention from pain.49 Our results also suggested that listen-
ing to one’s favorite music modulates pain-associated activ-
ity within the PAG and engage the descending inhibitory 
system. It was reported that meditation mainly attenuated 
the medial system of pain perception, including the ACC 
and insula.50 Five subjects showed reduced ACC responses 
while music was playing, suggesting that they were 

Figure 5 Brain regional activity by electrical stimulation on the ankle. Imaging of the pain-related response in the ACC (white arrow) with and without favorite music. 
(P<0.05). (A) Sagittal image showing activation induced by pain without music. (B) Coronal image showing activation induced by pain without music. (C) Sagittal image 
showing activation induced by pain with music. (D) Coronal image showing activation induced by pain with music.
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distracted from pain, similar to the above study using med-
itation. However, three subjects did not show changes in 
pain-related ACC activity between the silent and music con-
ditions, even though their pain thresholds on the forearm 
were increased by favorite music. The narrow space and 
noisy sound of the MRI apparatus or painful ankle stimula-
tion might have caused anxiety and stress, which inhibited 
the beneficial musical effects. The three subjects selected soft 
music such as classical music and still ballads, which sug-
gested that rhythmical music with rapid tempo might be 
effective for pain in the small and noisy place.

There are several limitations in this study. First, although 
the pain threshold might vary according to age, the range in 
this study was wide. Second, we also did not decide the 
music category; rather, subjects were asked to bring their 
favorite CD, so the types varied. Third, the fMRI sample size 
was small and only included women because men were 
working in the daytime. Still, we hypothesize that there is 
a gender difference of pain-related brain activity. Moreover, 
although we focused on the ACC, it is thought that there are 
also parts of the brain where emotion can modulate pain- 
related responses. Further investigations are needed investi-
gate changes in brain areas (orbitofrontal, insula, amygdala 
and auditory cortices) related with emotion and sound to 
clarify mechanisms underlying pain.51,52 However, our 
results suggest that the pain threshold and pain-related activ-
ity of the medial pain pathway are affected by music.

In summary, our results show that listening to favorite 
music increased forearm pain threshold and tended to 
attenuate the pain-related response in the ACC, suggesting 
the influence of a descending pain-modulatory mechanism 
with endorphin production induced by emotion.

Conclusion
Listening to favorite music effectively increased forearm pain 
thresholds. These results suggest that sensitivity to acute pain 
might decrease while hearing one’s favorite music. The pain- 
related response in the ACC was also affected during favorite 
music listening. It is possible that the musical stimulus 
enhanced descending pain inhibition and reduced activity in 
ascending pain pathways. Music therapy to decrease pain 
sensibility during clinical procedures can be easily implemen-
ted as a low-cost therapy with no side effects.

Abbreviations
ACC, anterior cingulate cortex; BOLD, blood oxygen 
level-dependent; MRI, magnetic resonance imaging; 
PAG, periaqueductal gray.
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