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Introduction: Primary dysmenorrhea (PDM) is a common gynecological

disease and chronic pain disorder. Moxibustion, a form of traditional Chinese

medicine therapy, has proven to be effective for PDM. However, the central

mechanisms of PDM and moxibustion for PDM are still unclear. This study aims

to explore the potential central mechanism of PDM and clarify the possible

mechanism of moxibustion for relieving pain.

Materials and methods: A total of 23 PDM patients and 23 matched healthy

controls (HCs) were enrolled. For PDM patients, resting-state functional

magnetic resonance imaging (rs-fMRI) data were collected pre- and post-

moxibustion treatment of 3 consecutive menstrual cycles, respectively. For

HCs, rs-fMRI data were collected in the baseline. The resting-state functional

connectivity strength (rs-FCS) analysis and the resting-state functional

connectivity (rs-FC) analysis based on the region of interest (ROI) were

combined to be conducted.

Results: Compared to HCs, PDM patients showed weaker rs-FCS in the left

inferior frontal gyrus (IFG). After the moxibustion treatment, rs-FCS in the left

IFG was increased with clinical improvement. Then, the left IFG was chosen

as ROI, and the rs-FC analysis was conducted. It showed that the left IFG

rs-FC in the bilateral anterior cingulate cortex (ACC)/middle cingulate cortex

(MCC), the left posterior cingulate cortex (PCC)/precuneus (PCU), and the left

parahippocampal gyrus (PHG) decreased after moxibustion treatment, most

of which belong to the default mode network (DMN).

Frontiers in Neuroscience 01 frontiersin.org

https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/journals/neuroscience#editorial-board
https://www.frontiersin.org/journals/neuroscience#editorial-board
https://doi.org/10.3389/fnins.2022.969064
http://crossmark.crossref.org/dialog/?doi=10.3389/fnins.2022.969064&domain=pdf&date_stamp=2022-08-30
https://doi.org/10.3389/fnins.2022.969064
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fnins.2022.969064/full
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/


fnins-16-969064 August 30, 2022 Time: 9:54 # 2

Yang et al. 10.3389/fnins.2022.969064

Conclusion: Our results highlight the role of the left IFG and the DMN in

PDM. Specifically, the central mechanism of moxibustion for analgesia may

be related to modulating the disorders of the reappraisal and processing of

pain stimuli through influencing the cognition of pain.

KEYWORDS

moxibustion, primary dysmenorrhea, functional connectivity strength, default mode
network, functional connectivity, left inferior frontal gyrus

Introduction

Primary dysmenorrhea (PDM) is one of the most general
gynecological diseases, widely affecting adolescent girls and
women of reproductive age (Burnett and Lemyre, 2017). It is
mainly manifested as colic pain in the lower abdomen during
menstruation without any identified pathological conditions
(Iacovides et al., 2015) and is sometimes associated with other
symptoms, including headaches, fatigue, diarrhea, vomiting,
and sweating (Zhang et al., 2020, 2022). According to the
surveys, at least one-third of women are reported to have
experienced moderate or severe menstrual pain, which affects
their daily life and causes considerable social and economic
losses (Kennedy, 1997; Yang et al., 2017; Yesuf et al., 2018).

At present, some pharmacological and non-
pharmacological methods are chosen to treat PDM. Among the
pharmacological treatments, non-steroidal anti-inflammatory
drugs (NSAIDs) and oral contraceptives are commonly used
(Dawood, 2006). It is reported that NSAIDs are effective in
relieving symptoms of patients with PDM (Zahradnik et al.,
2010), while they are often accompanied by various side effects,
such as nephrotoxic and hepatotoxic effects, gastrointestinal
discomfort, and fluid retention (Dawood, 2006). Besides, for
about 20% of women, NSAIDs have no positive effect on
alleviating menstrual pain (Proctor and Murphy, 2001). For
patients who can be relieved of immediate pain, NSAIDs cannot
further prevent the progression of PDM (Yang et al., 2017). As
a result, it is necessary to search for a non-pharmacological
treatment that is effective and safe for PDM.

Abbreviations: ACC, anterior cingulate cortex; CMSS, cox menstrual
symptom scale; CPL, cerebellum posterior lobe; DMN, default mode
network; ECN, executive control network; FC, functional connectivity;
FCS, functional connectivity strength; FWHM, full-width at half-
maximum; GM, gray matter; HCs, healthy controls; IFG, inferior
frontal gyrus; LG, lingual gyrus; MCC, middle cingulate cortex; MOG,
middle occipital gyrus; MRI, magnetic resonance imaging; NSAIDs,
non-steroidal anti-inflammatory drugs; OT, oxytocin; PARCS, predictive
and reactive control systems; PCC, posterior cingulate cortex; PCU,
precuneus; PDM, primary dysmenorrhea; PGF2α , prostaglandin F2α ;
PHG, parahippocampal gyrus; ROI, region of interest; rs-FC, resting-state
functional connectivity; rs-FCS, resting-state functional connectivity
strength; rs-fMRI, resting-state functional magnetic resonance imaging;
VAS, visual analog scale.

Moxibustion, one of the treatments of traditional Chinese
medicine, is widely used for gynecological disorders in China.
A systematic review shows that moxibustion is effective for
PDM (Gou et al., 2016). In addition, the follow-up effectiveness
of moxibustion has been proved to be better compared to
NSAIDs (Yang et al., 2017). A well-recognized pathophysiology
of PDM is an increase in prostaglandins, which leads to uterine
contraction, thus limiting blood flow and leading to cramps
(Ferries-Rowe et al., 2020). In addition, the state of long-term
recurrent pain is thought to affect the central nervous system,
resulting in pathological changes in the structure and function
of the brain (Dun et al., 2017; Yang et al., 2019; Quan et al.,
2021), further aggravating PDM (Zhang et al., 2022). Prior work
(Gou et al., 2016; Yang et al., 2017) has found that moxibustion
can lower the prostaglandin F2α (PGF2α ) level in serum,
then relieving the contraction of uterine contraction, ultimately
reducing pain. However, the central mechanism of moxibustion
for PDM remains limited.

Resting-state functional magnetic resonance imaging (rs-
fMRI) technology has been widely used in pain and analgesia
research (Baumbach et al., 2022; Li et al., 2022; Wei et al.,
2022). This technology can measure continuous spontaneous
brain activity and draw interregional functional connectivity
(FC) (Biswal et al., 1995; Fox and Raichle, 2007). Functional
connectivity strength (FCS) is a data-driven method based on
the voxel level of the whole brain. It can evaluate the internal
function of the brain by identifying the brain sub-network
(Liang et al., 2013; Zuo et al., 2019). The FC analysis can
analyze the strength of the FC relationship between one specific
brain region and other brain regions from the perspective of
functional integration (Zuo et al., 2019). The combination of
the two methods is helpful to break the excessive dependence on
a priori information and comprehensively exploring the change
of brain functional activities related to disease and intervention
(Yang et al., 2018), which has been used frequently in recent
years (Ke et al., 2020; Cao et al., 2022).

The purpose of this study is to explore the potential
central mechanism of PDM and clarify the possible mechanism
of moxibustion in treating PDM. Therefore, the resting-state
functional connectivity strength (rs-FCS) method was adopted
to compare the difference between PDM patients and healthy
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controls (HCs) based on the data-driven approach and the
rs-FCS of the voxel level was calculated to evaluate whether
moxibustion can normalize the abnormal functional changes
in the brain regions in PDM patients. The overlapped brain
region was defined as that showing a significant difference
in rs-FCS both between the PDM patients and HCs and
between the pre- and post-moxibustion of PDM patients.
Then, the most relevant overlapped brain region was chosen
as the region of interest (ROI) to conduct the resting-state
functional connectivity (rs-FC) analysis to compare the change
between the pre- and post-moxibustion to further explore the
possible influence of moxibustion. We hypothesized that (1)
PDM patients had dysfunction in the brain regions related
to processing pain stimuli, and (2) effective treatment might
regulate the dysfunction of the relevant brain areas.

Materials and methods

Participants

We recruited 23 PDM patients and 23 female HCs from
1 March 2013 to 12 August 2013. All the participants were
from universities in Chengdu, Sichuan, China. Our study has
been ethically reviewed and approved by the Sichuan Regional
Ethics Review Committee on Traditional Chinese Medicine
(2013KL-004). Before the start of the trial, all participants
signed written informed consent and received a pelvic B-mode
ultrasonography exam by gynecologists to exclude organic
pelvic disease. Based on the diagnostic standards of the
Clinical Guideline of Primary Dysmenorrhea by the Society
of Obstetricians and Gynecologists of Canada (Lefebvre et al.,
2005), the PDM patients were considered eligible if they met the
following criteria: (Burnett and Lemyre, 2017) 18 ∼ 35 years
old; (Iacovides et al., 2015) having regular menstrual cycles
(28 days ± 7 days); (Zhang et al., 2022) average menstrual
pain score in the past 3 months was no less than 4, measured
by a visual analog scale (VAS) before the start of the trial;
(Zhang et al., 2020) right-handedness; and (Kennedy, 1997)
handwriting informed consent form. The inclusion criteria for
HCs were the same as those of the PDM patients except that
they had not experienced menstrual pain. For both the PDM
patients and HCs, the exclusion criteria were as follows: (Burnett
and Lemyre, 2017) secondary dysmenorrhea caused by organic
pelvic disease; (Iacovides et al., 2015) having irregular menstrual
cycles; (Zhang et al., 2022) suffering from uncontrolled nervous
system diseases, immune deficiency, hemorrhagic diseases,
mental disorders, and allergies; (Zhang et al., 2020) being
pregnant, or lactating, or with pregnancy plans within half a
year; (Kennedy, 1997) taking prostaglandin synthetase inhibitor
2 weeks before enrollment; (Yang et al., 2017) receiving any
treatment 2 weeks before enrollment; (Yesuf et al., 2018) taking

medicine which may influence outcomes; (Dawood, 2006)
having any contraindications to magnetic resonance imaging
(MRI); and (Zahradnik et al., 2010) undergoing other trials.
Based on the above 9 items, the PDM patients were also
excluded if they met contraindications to moxibustion (i.e., skin
lesions at the selected acupoints and moxa intolerance). All the
participants were not allowed to consume alcohol or caffeine
within 24 h before the MRI scan.

Intervention

All the enrolled PDM patients were treated with
moxibustion for 3 consecutive menstrual cycles for a total
of 3 sessions. Each session of the treatment started 7 days before
the beginning of menses and did not cease until menstruation
occurred, about 30 min per time, once a day, 7 times a session.
Considering that in the traditional Chinese medicine theory,
Guanyuan (CV4), Shenque (CV8), and Sanyinjiao (SP6) were
the well-known acupoints for treating gynecological diseases
(Liao et al., 2019), they were selected for our study. The lighting
moxa roll (Z32021062, Oriental Moxa Co., Suzhou, China) was
placed approximately 2 ∼ 3 cm away from the skin surface of
Guanyuan (CV4) and Shenque (CV8) simultaneously for about
15 min, and then, moved to bilateral Sanyinjiao (SP6) at the
same time also for about 15 min, with circling at an even speed
to stimulate by a comfortable moxa heat feeling, which was
similar to the sensation of “Deqi” in acupuncture.

Clinical and laboratory outcome
measurements

The clinical outcomes were (Burnett and Lemyre, 2017) pain
intensity measured by VAS; (Iacovides et al., 2015) menstrual
symptom intensity and duration scores measured by Cox
Menstrual Symptom Scale (CMSS). The laboratory outcomes
were PGF2α and oxytocin (OT). These data were only collected
in the PDM patients and all outcomes were measured pre- and
post-moxibustion treatment.

Magnetic resonance imaging data
acquisition

All participants underwent MRI scans on a 3.0T scanner
(Allegra; Siemens Medical System, Erlangen, Germany) with
an eight-channel head coil at the Department of Radiology
at the Huaxi MR Research Center, West China Hospital of
Sichuan University, during the ovulatory period (days 10 ∼

14 of the menstrual cycle). Among them, the PDM patients
underwent MRI scans in the latest ovulatory period pre- and
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post-treatment, and the HCs only underwent MRI scans at
baseline. The participants were asked to stay awake during the
scan (eyes closed, head stationary but relaxed, and thinking
about nothing). Head cushions were chosen to reduce head
movement and earplugs were used to minimize noise.

The scan parameters were as follows: T1-weighted images:
repetition time = 8.16 ms, echo time = 3.18 ms, flip angle = 7◦,
field of view = 256 × 256 mm, matrix = 256 × 256; slice
thickness = 1 mm, no gap; and 188 sagittal slices; rs-fMRI
were obtained in 7 min with a gradient-recalled echo-planar
imaging pulse sequence: repetition time = 2,000 ms, echo
time = 30 ms, flip angle = 90◦, acquisition matrix = 64 × 64,
field of view = 240 × 240 mm, thickness = 4.0 mm, voxel
size = 3.5 × 3.5 × 4.02 mm3, gap = 0.5 mm, NEX = 1.0, number
of slices = 33. A total of 210 volumes were acquired.

Data preprocessing

The image data were analyzed by the Data Processing
Assistant for Resting-State fMRI (DPARSF), based on the
Statistical Parameter Mapping software (SPM121) in MATLAB
2014b (The MathWorks, Inc., Natick, MA, United States).
Considering the initial instability of the MRI signal, the first 10
time points were abandoned. In addition, other preprocessing
was also operated, including slice timing, realignment for head
motion correction, co-registration of T1-weighted anatomical
images for each participant, and normalization against the
Montreal Neurological Institute template. Participants with
head movements greater than 2◦ or 2 mm were excluded
rather than further analyzed. When normalized to the Montreal
Neurological Institute space, the images were resliced with
isotropic 3 mm3 voxel size, and spatial smoothing was
performed by using a Gaussian kernel with full width at half-
maximum (FWHM) of 6 mm. After removing the linear trends,
the images were filtered with a temporal bandpass of 0.01 ∼

0.08 Hz. Covariates related to white matter noise, cerebrospinal
fluid, and head movement were regressed. Finally, several
sources of spurious variances were removed by linear regression,
including six head motion parameters, as well as the average
signals of cerebrospinal fluid, white matter, and whole brain.

Statistical analysis

Clinical and laboratory data analysis
SPSS 26.0 software (SPSS Inc., Chicago, IL, United States)

was adopted to analyze the clinical and laboratory data.
A threshold was set at p < 0.05 (2-tailed) According to whether
the data met the normal distribution, T-test and chi-square
test were selected to compare the baseline data between groups

1 http://www.fil.ion.ucl.ac.uk/spm

and the difference in assessment pre- and post-treatment in
the PDM patients.

Functional connectivity strength analysis
Whole-brain rs-FC analysis was conducted according to

the following procedure. First, to eliminate the artifactual
correlation in the non-gray matter, the average value of the gray
matter (GM) probability map of all participants was extracted
through the threshold (cutoff = 0.2) to generate the GM mask.
Then, the time series of each voxel within the GM mask
was extracted, and Pearson’s correlations between any pair of
voxels of each participant were computed. For improving the
normality, Fisher’s r-to-z transformation was chosen to convert
the FC matrix to a z-score. Subsequently, nodal FCS as the sum
of weights connected with other voxels for a given voxel (node)
was calculated. To eliminate voxels with weak correlation due
to signal noise, the computation was restricted to connections
with the absolute value of the correlation coefficient above 0.2
conservatively (Li et al., 2015).

A two-sample t-test was chosen to compare the different
rs-FCS in the whole brain between the PDM patients and
HCs in the baseline. Paired t-test was chosen to compare the
different rs-FCS in the whole brain pre- and post-moxibustion
treatment in the PDM patients. The overlapped brain region
was determined as showing different rs-FCS both between
PDM patients and HCs, and between pre- and postmoxibustion
treatment in the PDM patients.

Functional connectivity analysis
We chose the overlapped brain region with different rs-FCS

as the ROI to further conduct the rs-FC analysis. To improve
the normality, we selected Fisher’s r-to-z transformation to
convert the individual correlation matrix into a z-score matrix.
Each PDM patient was generated the FC map based on
the ROI. To compare the effect of moxibustion on PDM,
paired t-test was chosen to evaluate the changes of rs-FC
pre- and post-moxibustion treatment. According to previous
studies (Bansal and Peterson, 2018), cluster–forming voxel-
wise threshold (Z > 2.5) and a corrected cluster significance
threshold (p < 0.05) were used for multiple comparisons.

Results

A total of 46 participants were enrolled in our study,
including 23 PDM patients and 23 HCs. Among the 23 PDM
patients, 2 patients dropped out because of schedule conflicts.
In addition, the other 3 patients did not complete the laboratory
data collection pre- and post-moxibustion treatment. Finally,
the data of a total of 23 patients and 23 HCs were compared
at baseline, and the data of 21 patients were compared pre-
and post-moxibustion treatment (among them, 18 patients were
compared in laboratory data).
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Demographics and clinical
characteristics

The baseline data of all participants are shown in Table 1.
There were no significant differences between the PDM patients
and HCs in age, height, and weight (p > 0.05). For the baseline
characteristics in the PDM patients, the days of dysmenorrhea,
unable to work, and accompanying symptoms in the past
3 months were 4.00 (3.00, 7.00), 2.00 (1.00, 3.00), and 3.00 (3.00,
7.00), respectively.

Clinical and laboratory characteristics
of pre- and post-moxibustion

The clinical and laboratory data of pre- and post-
moxibustion in the PDM group are shown in Table 2.
The result of paired chi-square test suggested a significant
difference between pre- and post-moxibustion in the PDM
patients with VAS scores [pre: 6.90 (6.40, 7.35), post: 2.90
(2.15, 3.40), p < 0.001], which showed moderate to severe
menstrual pain before moxibustion and slight menstrual pain
after moxibustion. In addition, it also showed a significant
difference between pre- and post-moxibustion in the menstrual
symptom intensity scores measured by CMSS and menstrual
symptom duration scores measured by CMSS, PGF2α , and OT
(p < 0.001).

Resting-state functional connectivity
strength results

Compared to the HCs, the PDM patients exhibited weaker
rs-FCS in the bilateral inferior frontal gyrus (IFG), the left
cerebellum posterior lobe (CPL), and stronger rs-FCS in the
bilateral middle occipital gyrus (MOG) and the right precuneus
(PCU) after controlling for age (Figure 1A and Table 3).

TABLE 2 Clinical and laboratory outcomes of pre- and post-
moxibustion in PDM group.

PDM-pre PDM-post Z P

Pain intensity
measured by VAS

6.90 (6.40, 7.35) 2.90 (2.15, 3.40) –4.016 < 0.001

Menstrual symptom
intensity scores
measured by CMSS

19.00 (13.50,
26.50)

5.00 (3.00, 8.00) –4.019 < 0.001

Menstrual symptom
duration scores
measured by CMSS
(days)

29.00 (18.00,
35.00)

6.00 (3.00, 7.50) –4.016 < 0.001

PGF2α 689.46 (656.31,
784.05)

295.19 (247.17,
362.23)

–3.724 < 0.001

OT 155.84 (146.23,
162.89)

74.52 (49.16,
84.08)

–3.724 <0.001

Data was given as Q50 (Q25 , Q75).
Data of 21 PDM patients pre- and post- moxibustion was analyzed in pain intensity
measured by VAS, menstrual symptom intensity scores measured by CMSS, and
menstrual symptom duration scores measured by CMSS.
Data of 18 PDM patients pre- and post- moxibustion was analyzed in PGF2α and OT.

We then compared the post- and pre-moxibustion
differences in the PDM group. The results revealed that after
moxibustion treatment, the PDM patients showed increased
rs-FCS in the left IFG, the CPL, and the right lingual gyrus
(LG)/cuneus (Figure 1B and Table 3). Interestingly, this
longitudinal finding partially overlapped with the rs-FCS
difference in the left IFG between HCs and PDM patients
at baseline (Figure 2A). The rs-FCS value of the left IFG in
different conditions is shown in Figure 2B.

Left inferior frontal gyrus resting-state
functional connectivity results

To further explore the influence of moxibustion on the
brain’s functional activities, the left IFG was chosen as the ROI
to conduct the rs-FC analysis. The results showed that the left
IFG rs-FC in the bilateral anterior cingulate cortex (ACC)/the

TABLE 1 Baseline participant characteristics.

Group t P-value*

PDM group (n = 23) HC group (n = 23)

Age (years) 21.74 ± 2.01 22.26 ± 2.12 –0.86 0.395

Height (cm) 160.65 ± 4.10 158.52 ± 5.35 1.52 0.137

Weight (kg) 50.04 ± 4.57 51.78 ± 9.37 –0.8 0.43

Days in the Past 3 Months Dysmenorrhea 4.00 (3.00, 7.00) / / /

Unable to Work 2.00 (1.00, 3.00) / / /

Accompanying symptoms 3.00 (3.00, 7.00) / / /

Data (age, height, and weight) was given as mean ± standard deviation.
Data (days of dysmenorrhea in the past 3 months, days unable to work in the past 3 months, and days with accompanying symptoms in the past 3 months) was given as Q50 (Q25 , Q75).
*p < 0.05 was considered statistically significant.

Frontiers in Neuroscience 05 frontiersin.org

https://doi.org/10.3389/fnins.2022.969064
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/


fnins-16-969064 August 30, 2022 Time: 9:54 # 6

Yang et al. 10.3389/fnins.2022.969064

FIGURE 1

The bilateral IFG and the left CPL showed decreased rs-FCS (blue), and the bilateral MOG and the right PCU showed increased rs-FCS
(orange-yellow) in PDM patients compared to HCs (voxel level p < 0.005, cluster-level p < 0.05, a cluster-forming threshold of 2.5) (A). The left
IFG, the left CPL and the right LG/cuneus showed increased rs-FCS (orange-yellow) post-moxibustion compared to pre-moxibustion in PDM
patients (voxel level p < 0.005, cluster-level p < 0.05, a cluster-forming threshold of 2.5) (B). IFG, inferior frontal gyrus; CPL, cerebellum
posterior lobe; rs-FCS, resting-state functional connectivity strength; MOG, middle occipital gyrus; PCU, precuneus; PDM, primary
dysmenorrhea; HC, healthy control; LG, lingual gyrus.

middle cingulate cortex (MCC), the left posterior cingulate
cortex (PCC)/PCU, and the left parahippocampal gyrus (PHG)
decreased in the PDM patients after moxibustion treatment
(Figure 3 and Table 4).

Discussion

This study, for the first time, investigated the potential
central mechanism of moxibustion for PDM. We focused on

TABLE 3 Regions showing significantly different rs-FCS in PDM
patients and HCs, before and after 3-month intervention.

Brain
region

BA Voxel
size

MNI coordinates
(RAI)

Peak Z
Score

x y z

PDM (n = 23) VS HC (n = 23)

Left IFG 45 97 –51 27 9 –5.40

Left CPL / 334 –21 –51 –21 –3.88

Right
MOG/PCU

19 191 30 -66 30 4.55

Left MOG 19 98 –36 –87 12 3.19

Right IFG 45 91 51 36 9 –3.88

PDM-post (n = 21) VS PDM-pre (n = 21)

Left IFG 45 122 –54 30 12 4.69

Left IFG 45 53 –48 21 39 3.14

Right
LG/Cuneus

17 123 18 –93 –6 3.96

Left CPL / 50 –27 -75 –30 3.28

IFG, inferior frontal gyrus; CPL, cerebellum posterior lobe; MOG, middle occipital gyrus;
PCU, precuneus; LG, lingual gyrus.

the differences in rs-FCS between the PDM patients and HCs,
as well as the changes of rs-FCS in the PDM patients pre- and
post-moxibustion treatment. Compared to HCs, the rs-FCS of
the left IFG in the PDM patients was found to be decreased
significantly. After moxibustion, the rs-FCS of the left IFG in
the PDM patients increased (normalized) significantly. Then,
the left IFG was identified as the key overlapped brain region
to conduct the rs-FC analysis in the PDM patients and its rs-
FC with the bilateral ACC/MCC, the left PCC/PCU, and the left
PHG was found to be decreased after moxibustion.

Moxibustion has a long history of being used to treat
PDM in China and has been proven effective in previous
studies (Li et al., 2006; She et al., 2008; Yang et al., 2008;
Sun et al., 2009; Zhu et al., 2010). In our study, after 3
menstrual cycles of moxibustion treatment, the values of clinical
outcomes (pain intensity measured by VAS, and menstrual
symptom intensity and duration scores measured by CMSS) and
laboratory outcomes (PGF2α and OT) decreased significantly,
which showed a consistent effect with previous studies
(Wang et al., 2005). Considering the effect of moxibustion
in PDM, it is particularly important to explore the central
mechanism to determine the key target for the diagnosis and
treatment of PDM.

Our results showed that decreased rs-FCS of the left IFG
in PDM patients had increased (normalized) after moxibustion.
Previous neuroimaging studies have suggested that IFG was
related to chronic pain (Ning et al., 2018). The left IFG, which is
reportedly involved in executive cognitive function and episodic
memory, belongs to the executive control network (ECN) (Xue
et al., 2021). In terms of cognition, the IFG cortex participates in
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FIGURE 2

The overlapped brain region—the left IFG. The rs-FCS of the left IFG in PDM patients showed decreased (green) when compared with HCs’ and
increased (red) after moxibustion treatment. The overlapped brain region was marked as yellow (A). Rs-FCS value of the left IFG in different
conditions. Compared to the HCs, PDM patients exhibited weaker rs-FCS in the left IFG and it showed to be normalized after moxibustion
treatment (B). IFG, inferior frontal gyrus; rs-FCS, resting-state functional connectivity strength; HC, healthy control; PDM, primary
dysmenorrhea.

FIGURE 3

The left IFG rs-FC decreased (blue) in the bilateral ACC, the bilateral MCC, the left PCC/PCU and the left PHG in PDM patients after moxibustion
treatment. IFG, inferior frontal gyrus; rs-FC, resting-state functional connectivity; ACC, anterior cingulate cortex; MCC, middle cingulate cortex;
PCC, posterior cingulate cortex; PCU, precuneus; PHG, parahippocampal gyrus; PDM, primary dysmenorrhea.

processing emotions in the human brain (Boulloche et al., 2010),
such as fear related to pain (Biggs et al., 2020). Pain was thought
to cause negative emotion and the negative emotion is thought
to, in turn, aggravate the feeling of pain and form a vicious circle
(Bushnell et al., 2013).

Previous research has shown that PDM patients have
structural and functional abnormalities in the DMN (Liu
et al., 2017). In our study, the left IFG was chosen as
ROI to conduct the rs-FC analysis. Interestingly, we found
that most of these brain regions (i.e., ACC, MCC, and
left PCC/PCU) with significant changes after moxibustion
treatment belong to the DMN.

The DMN refers to the areas with relatively active functional
activities in the midline and lateral cortex of the brain
in the resting state. These brain areas have spontaneous
activation, time synchronization, and internal FC. The DMN
is the neural basis of many important functional activities
of humans, including cognition, consciousness, etc. (Hu

et al., 2022; Oyarzabal et al., 2022; Wang et al., 2022) It
participates in a lot of neurophysiological processes, such as the
evaluation of episodic memory, introspection, monitoring of
the external environment, emotional processing, and cognitive
control (Greicius et al., 2003; Arsenault et al., 2018; Li J.
et al., 2021; Oyarzabal et al., 2022; Tanglay et al., 2022).
Studies have confirmed that in the state of chronic pain,
the activation-inactivation mechanics of the DMN is in
disorder (Baliki et al., 2008; Shen et al., 2019). It is the
main resting state network affected by chronic pain (Baliki
et al., 2008), and it is also the network affected at first
and most obviously by chronic pain (Baliki et al., 2008;
Cauda et al., 2009). Although the exact function of the DMN
has not been fully determined, many studies have found
that the FC between the DMN and other pain-processing
brain areas was enhanced in populations with varied pain
syndromes, such as diabetic neuropathic pain and chronic
back pain (Baliki et al., 2008; Cauda et al., 2009), which
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TABLE 4 Regions showing significantly different of the left IFG rs-FC
in PDM patients before and after 3-month intervention.

Brain
region

BA Voxel
size

MNI coordinates
(RAI)

Peak Z
Score

x y z

Bilateral
ACC

32 247 –6 39 21 –5.65

Left PHG / 70 -12 –33 –9 –5.26

Left
PCC/PCU

29/30 63 –6 –57 15 –3.97

Bilateral
MCC

31 62 0 –36 31 –4.34

Data of 21 PDM patients pre- and post- moxibustion was analyzed.
ACC, anterior cingulate cortex; PHG, parahippocampal gyrus; PCC, posterior cingulate
cortex; PCU, pre-cuneus; MCC, middle cingulate cortex.

indicates that pain destroys the DMN by increasing the
nociceptive stimulus input.

A recent study reported that pain cueing to personal
potential discomfort led to more attention and was subsequently
identified more accurately (Zuo et al., 2022). It suggests that
women who have experienced menstrual pain, especially if they
are suffering from menstrual pain, will pay more attention to
the painful period when they are about to have their period,
due to the unpleasant memories of their previous periods. In
our study, the effect of moxibustion may be closely related
to mediating the disorders of attentional modulations in the
DMN of PDM patients. The unusually close interplay between
attention and pain seems to involve pain-specific features
(Wiech et al., 2008). Studies suggested that attention has the
ability in modulating sensory and affective levels of pain, which
was possible to be regulated by integrating pain spatially (Miron
et al., 1989; Villemure et al., 2003; Quevedo and Coghill, 2007).
The ACC, one of the areas of the DMN, was shown to modulate
attention (Wiech et al., 2008). The activity of the dorsal ACC
is related to the critical point between approach and avoidance
behavior (Schlund et al., 2016). Besides, a particularly interesting
point is that avoidance behavior is important in chronic pain
disability maintenance. As a result, some scholars suggest that
the dorsal ACC is a key area associated with pain-related fear
responses. Moxibustion may affect the pain-related fear by
affecting the ACC, which may be responsible for modulating
attention disorder of pain. The area MCC in the DMN has
also been reported to be involved in modulating the affective-
motivational dimension to influence attention to pain (Liang
et al., 2022). It is an area rich in dopaminergic innervation,
which is thought to be activated in response to noxious stimuli
(Liang et al., 2022). There was an abnormal increase of rs-FC
between the prefrontal cortex and the MCC of patients with
chronic low back pain patients reported in a previous study
(Mao et al., 2022), which hinted at the connection between
the MCC and pain. The other significantly changed areas after

treatment, the PCC and the PCU, are regarded to play vital roles
in the DMN (Greicius et al., 2003). They are involved not only in
sensory processing but also in the extraction of episodic memory
(Maguire and Mummery, 1999; Maddock et al., 2001; Fujii
et al., 2002). It has been reported that women with prolonged
menstrual pain might tend to pay more attention to pain, which
can lead to abnormal activity of the PCC and the PCU (Dun
et al., 2020). Our results showed that moxibustion might affect
the left PHG apart from the above DMN brain regions in
the PDM patients. The left PHG is thought to be associated
with memory in humans (Saykin et al., 1999). The decreased
left IFG rs-FC in the left PHG may influence memory related
to menstrual pain.

Both attention and memory are important parts of
cognition. In chronic pain, cognitive modulation is considered
of particular significance (Bishop, 2007), which can regulate the
perception of pain (Wiech et al., 2008). The IFG and the core
brain areas in the DMN are central areas in the predictive and
reactive control systems (PARCS). PARCS, which consists of the
reactive system and the predictive system, controls response to
a novel, salient, and urgent stimuli and focuses attention on
stimuli that are urgent and close in time and space. Due to the
functional hemispheric asymmetry of the IFG, the right IFG
involves the appraisal of the stimulus and the left IFG involves
the reappraisal of the stimulus based on a pre-existing internal
model. The left IFG plays an important role in the assimilation of
new and emotional information into the existing internal model,
and thus, has an important mediating role between the reactive
and predictive control (Tops et al., 2014).

Considering the DMN as a part of the predictive system,
alterations in the rs-FC between the left IFG and the DMN may
have contributed to the change of reappraisal and processing
of menstrual pain stimuli, which may be through influencing
the cognition of pain (Li F. et al., 2021). Neuroimaging studies
suggested that abnormal FC might be an important factor in
pain disorders (Li F. et al., 2021). It reflected the effect of one
brain region or brain network on another, thus indicating a
causal relationship between different brain regions or brain
networks (Friston, 1994). In a previous study, a reciprocal
inhibitory effect between the ECN and the DMN was found
and confirmed that the anti-correlation between them persisted
in their causal relationship (Uddin et al., 2009). Besides, it has
been found that migraine may be related to abnormal pattern
connectivity of the ECN and the DMN (Zou et al., 2021). In
consideration of the left IFG being one of the regions of the
ECN, our study suggests that moxibustion may affect the rs-FC
between the ECN and the DMN.

Taken together, we suggest that PDM may be mainly
caused by abnormal functional alteration of the left IFG and
moxibustion tend to normalize it. In addition, moxibustion may
work by affecting the rs-FC between the left IFG and the DMN
to modulate the disorders of the reappraisal and processing of
pain stimuli in PDM patients to realize clinical improvement.
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However, due to the lack of PDM patients without
moxibustion treatment as a control, randomized controlled
trials will be needed to further explore the neuroimaging
mechanisms, such as setting moxibustion group versus waiting
group, or moxibustion group versus acupuncture group. In
addition, the study was only based on the functional image.
The multimodality images will be expected in the future to
illustrate the central mechanism from multiple dimensions.
Further, we did not collect the follow-up fMRI data to determine
the long-term influence of moxibustion on functional brain
activity, which should be considered in future study designs
when funding is enough.

Conclusion

In sum, our results highlight the role of the left IFG and
the DMN in PDM. The central mechanism of moxibustion for
analgesia may be related to modulating the disorders of the
reappraisal and processing of pain stimuli through influencing
the cognition of pain. Such findings have implications for
understanding the pathophysiology and treatment of PMD and
may help in clinical practice and further research in the future.
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