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Background: Accumulating studies have revealed altered brain function and structure in regions linked to sensory, pain and emotion 
in individuals with primary dysmenorrhea (PD). However, the changes in the topological properties of the brain’s functional 
connectome in patients with PD experiencing chronic pain remain poorly understood.
Purpose: Our study aimed to explore the mechanism of functional brain network impairment in individuals withPD through a graph- 
theoretic analysis.
Material and Methods: This study was a randomized controlled trial that included individuals with PD and healthy controls (HC) 
from June 2021 to June 2022. The experiment took place in the magnetic resonance imaging facility at Jiangxi Provincial People’s 
Hospital. Static MRI scans were conducted on 23 female patients with PD and 23 healthy female controls. A two-sample t-test was 
conducted to compare the global and nodal indices between the two groups, while the Network-Based Statistics (NBS) method was 
utilized to explore the functional connectivity alterations between the groups.
Results: In the global index, The PD group exhibited decreased Sigma (p = 0.0432) and Gamma (p = 0.0470) compared to the HC 
group among the small-world network properties.(p<0.05) In the nodal index, the PD group displayed reduced betweenness centrality 
and increased degree centrality in the default mode network (DMN), along with decreased nodal efficiency and increased degree 
centrality in the visual network (VN). (P < 0.05, Bonferroni-corrected) Furthermore, in the connection analysis, PD patients showed 
altered functional connectivity in the basal ganglia network (BGN), VN, and DMN.(NBS corrected).
Conclusion: Our results indicate that individuals with PD showed abnormal brain network efficiency and abnormal connection within 
DMN, VN and BGN related to pain matrix. These findings have important references for understanding the neural mechanism of pain 
in PD.
Keywords: primary dysmenorrhea, graph theory, functional connectivity, resting-state functional magnetic resonance imaging

Introduction
Dysmenorrhea is classified pathophysiologically into primary dysmenorrhea, with no identified pelvic pathology or 
physical abnormalities, and secondary dysmenorrhea, which is linked to potential pelvic pathology.1. The characteristics 
of PD occurred before menstrual period or periods of lower abdominal pain.2 It is the most prevalent gynecological issue, 
impacting 90% of adolescent girls and over 50% of menstruating women globally.3 Numerous risk factors contribute to 
PD, encompassing biological, psychological, social, and lifestyle influences.4,5 Current studies indicate that the patho
genesis of dysmenorrhea is attributed to increased secretion of Prostaglandin F2a (PGF2α) and Prostaglandin E2 (PGE2), 
leading to the contraction of uterine vessels and muscles.6,7
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Changes in brain structure, function, and metabolism have been revealed in individuals with PD.8 Liu et al found that 
alterations in interregional functional connectivity in PD patients mainly observed between the limbic pathway regions of 
the cortical mesolimbic region and sensory and motor-related regions.9 Huo et al discovered structural abnormalities and 
related functional alterations in multiple brain regions in patients with PD, particularly those crucial for the emotional 
and sensory components of dysmenorrhea.10 Yu et al found changes in frequency-specific functional connection density 
in PD patients.11 Zhang et al found that the low-frequency fluctuation amplitude of multiple brain regions in PD patients 
was reduced compared with HC.12 In a series of neuroimaging studies, functional magnetic resonance imaging (fMRI) 
played a crucial role in diagnosing primary dysmenorrhea (PD). Dong et al utilized fMRI to identify alterations in brain 
activity before and after acupuncture treatment, providing diagnostic insights into the effectiveness of acupuncture for PD 
patients.13 Yang et al employed fMRI to detect changes in brain activity pre- and post-acupuncture treatment.14 In the 
study conducted by Tu et al, fMRI was utilized to explore potential alterations in the descending pain regulatory system 
in individuals with PD following acupuncture treatment.15 This method enables a deeper exploration of the central 
mechanisms of PD and offers a fresh perspective on comprehending the pathogenesis of dysmenorrhea. However, the 
presence of noticeable individual variations in fMRI results poses certain limitations on its diagnostic utility for PD. 
Current research primarily emphasizes the functional and structural changes in specific brain regions among individuals 
with PD, the investigation of brain network topology and functional connectivity in PD patients through graph theory has 
been relatively overlooked, which is the focus of our research.

Previous knowledge indicates that the neurons in the brain form a intricate network, which serves as the physiological 
foundation for information processing in the brain.16 These methods offer a robust approach for quantifying both the 
structural and functional systems of the brain.17 In graph theory, a network is represented as a graph G (nodal, the number 
of edges).18 The topology of a graph is defined as a network comprising nodes and their interconnected edges, 
represented concisely in a link matrix format.19 Graph theory has been widely used to study the neural mechanism of 
various diseases such as major depressive disorder (MDD)20 birth defects21 and multiple sclerosis (MS).22 Thus, Our 
study will use graph theory to further investigate the brain topology of patients with primary dysmenorrhea.

This study compared the HC group with the PD group using static fMRI to investigate potential abnormal global and 
nodal network properties and variations in brain connectivity topology in PD patients.

Materials and Methods
Participate
In a randomized controlled trial, Ethical decision number: 202310114.23 patients with PD and 23 healthy individuals 
(HC) from Jiangxi Provincial People’s Hospital were recruited. Our disease diagnosis is performed by an experienced 
gynecologist for PD diagnosis. All participants met the inclusion criteria detailed as follows: (1) no contraindications to 
MRI scanning; (2) absence of claustrophobia; and (3) no history of cardiac or brain diseases.

The inclusion criteria for PD patients encompassed: (1) females aged 16–30 years experiencing infertility, right-handed; 
(2) regular menstrual cycle between 21–35 days; (3) patients with at least 1-year history of PD; and (4) a visual analog score 
of menstrual pain (VAS) of 40 or higher in the past three months (0=no pain sensation, 100=the worst pain sensation) in the 
three recent menstrual cycles; (5) no exogenous hormones or centrally acting medicine in the previous 6 months.

Exclusion criteria for PD were as follows: (1) secondary dysmenorrhea caused by pelvic organic diseases, such as 
endometriosis, pelvic inflammation and so on; (2) having severe life-threatening disease, asthma, or psychiatric disorder 
(anxiety and depression), etc.; (3) any oral contraceptives, analgesics and antidepressant having been used within 6 
months; (4) having any contraindication of MRI examination.

The HC met the following inclusion criteria: (1) Absence of abdominal pain symptoms or diseases; (2) No history of 
cardiovascular disease or mental disorders; (3) No contraindications to MRI scans.

MRI Parameters
MRI scanning was conducted using a 3-Tesla magnetic resonance scanner (Discovery MR 750W system; GE Healthcare, 
Milwaukee, WI, USA) equipped with an eight-channel head coil. In the process of the experiment, we adopted 
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a randomized controlled study, in the process of subjects undergoing FMRI scanning, participants participated in the 
blind method, and the identity of the two groups of subjects was disclosed after the final experiment was completed. The 
whole-brain fMRI data was recorded by applying gradient-recalled echo-planar imaging sequence with parameters as 
follows: TR/TE, 2000 ms/25 ms; gap, 1.2 mm, thickness, 3.0 mm; FOV, 240×240 mm2; acquisition matrix, 64 × 64; 35 
axial slices; and flip angle, 90°. The whole scanning time was ~15 min, and a total of 240 volumes of functional images 
were acquired. Participants were instructed to keep their eyes closed and maintain stillness during the scan, while being 
reminded not to fall asleep.

Ethical Statement
Research involving human subjects adhered to the principles outlined in the Declaration of Helsinki and received 
approval from the Medical Ethics Committee of Jiangxi Provincial People’s Hospital. All participants provided written 
informed consent before participating in the study.

Data Preprocessing
Based on statistical parameter mapping, fMRI data were preprocessed using the Brain Imaging Data Processing and 
Analysis Toolbox in MATLAB 2013a (Myers Walker, Natick, MA, USA).23 The procedures involved the following 
steps: (1) Converting the image format to NIFTI, with the exclusion of the initial 10 volumes. (2) Correcting for slice 
time effects and head motion. (3) Registering structural images with fMRI data. (4) Implementing linear regression 
analysis with multiple covariates. (5) Applying a time bandpass filter set at 0.01–0.08 Hz.24

Functional Network Construction
Node and Edge Definitions
The network was constructed by using the graph theoretical network analysis toolbox GRETNA (http://www.nitrc.org/ 
projects/gretna/).25 Node definition involves segmenting each subject’s brain into 90 cortical and subcortical regions of 
interest based on the automated anatomical labeling technique (AAL) atlas.26 Pearson correlation coefficients were 
computed for the 90 brain regions, and these values were utilized as edges in the network, resulting in a 90×90 Pearson 
correlation coefficient matrix.

Network Analysis
Various sparsity (Sp) thresholds were applied to all correlation matrices, where Sp represents the ratio of the actual 
number of connections in the network to the maximum possible number of connections. A broad range of Sp levels 
(0.05 < Sp < 0.5, with an interval of 0.01) was examined. The area under the curve (AUC) was determined for each 
network metric from S1 to Sn across Sp values, with ∆S as the spacing.27 Figure 1 shows the process of data 
collection, processing and analysis.

Global Metrics and Nodal Metrics of Functional Networks
At each threshold, both global and local brain functional network topological properties were computed. Global metrics 
encompassed network efficiency and small-world parameters. Network efficiency was further categorized into Eglob and Eloc, 
while small-world parameters consisted of the clustering coefficient (Cp), characteristic path length (Lp), Gamma, normalized 
characteristic path length (Lambda), and scalar small-world (Sigma).28 With γ = Cpreal / Cprand > 1 and λ = Lpreal / Lprand ≈ 1 as 
criteria, the small-world equations are constituted with σ = γ / λ > 1.

Node metrics of functional networks comprise betweenness centrality, degree centrality, clustering coefficient, nodal 
efficiency, nodal local efficiency, and nodal shortest path.

Statistical Analysis
A two-sample t-test was performed for global network parameters, with a significance level set at p < 0.05. Similarly, 
a two-sample t-test was conducted for node parameters, also at a significance level of p < 0.05, including Bonferroni 
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correction. Age, menstrual cycle, and mean visual analog score served as covariates within the sparsity (Sp) range (0.05 
< Sp < 0.5, using 0.01 intervals) to determine the area under the curve for each covariate.

Brain region pairs showing intergroup variations in junctional characteristics were initially pinpointed. Subsequently, 
the significance of these components was assessed using a network-based statistics (NBS) approach, incorporating age, 
menstrual cycle, and visual analog scores as covariates through a nonparametric permutation method (1000 permutations). 
A cluster of statistically significant alterations among any connectivity components was delineated (p < 0.01; threshold 
T = 2.649), thus pinpointing brain pairs with modified functional connectivity in patients with primary dysmenorrhea.

Result
Demographic Measurements
There was no significant difference in age (PD=24.26±1.00, HC=24.47±1.31), gender and handedness among the groups. 
For VAS, PD=54.2±17.4As shown in Table 1.

Small-World Properties of Functional Brain Networks
Within the defined threshold range (0.05 < Sp < 0.50, step= 0.01), the PD and HC groups were compared to exhibit 
small-world topological differences in the functional brain connectome. Table 2 demonstrates the global network 

Figure 1 The entire data processing and analysis procedure using graph theory method is depicted. Initially, time series were extracted from the fMRI data. Subsequently, 
the whole brain was partitioned using the Automated Anatomical Labeling (AAL) atlas. Following this, brain networks for both the primary dysmenorrhea (PD) and healthy 
control (HC) groups were formed. Finally, the global and nodal properties alongside the connectivity of brain networks were computed.

Table 1 Demographics and Visual Measurements Between Two 
Groups

PD Group HC Group T-Values P-Values

Gender (female) 23 23 N/A N/A

Age (years) 24.26±1.00 24.47±1.31 −0.630 0.532
Handedness 23 R 23R N/A N/A

VAS 54.2±17.4 N/A N/A N/A

Note: Independent t-test was applied to assess the clinical features (means ± SD). 
Abbreviations: PD, primary dysmenorrhea; HC, health control; VAS, visual analog 
score.
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parameters of the PD and HC groups, and the Gamma (p = 0.0432) and sigma (p = 0.0470) were significantly lower in 
the PD group than in the HC group. However, in other parameters: Eg (p=0.9524), Eloc (p=0.5046), Cp (p=0.7928), 
Lambda (p=0.5360), and Lp (p=0.3558) the two groups did not show a significant difference. (Figure 2)

Nodal Characteristics of Brain Functional Networks
We identified brain regions that exhibited significant between-group differences in at least one nodal metric between the 
two groups of PD and HC (p < 0.05, Bonferroni corrected). As shown in Table 3, compared with the HC group, the PD 
group showed a decrease in Betweenness Centrality on the Inferior frontal gyrus, opercular part (IFGoperc.R) (p=0.0002, 
t=−4.0455); an increase in Degree Centrality on both the Superior occipital gyrus (SOG.R)(p=0.0001, t=4.2021) and the 
Superior parietal gyrus (SPG.R)(p=0.0001, t=4.1232); and a decrease in nodal efficiency on the Superior occipital gyrus 
(SOG.R)(p=0.0004, t=3.8076). (Figure 3)

Alterations in Brain Functional Connectivity
Using the NBS method in the PD and HC groups, a significantly altered network was identified, located mainly in the 
Frontal, Prefrontal, Occipital, Parietal and Subcortical. The network consisted of 11 connections and 11 nodes. 
Alterations in brain functional connectivity primarily including increased functional connectivity in the Frontal- 
Occipital, Prefrontal-Occipital, Frontal-Parietal, Occipital-Subcortical and Parietal-Subcortical, as well as decreased 
functional connectivity in the Prefrontal-Frontal, Prefrontal-Subcortical, Frontal-Subcortical and Subcortical- 
Subcortical.(ROL.R-SOG.R)(p=0.00009, t=4.32770),(OLF.L-SOG.R)(p=0.00089, t=3.56540)(ROL.R-SPG.R) 
(p=0.00001, t=5.14137),(SOG.R-PUT.R)(p=0.00011, t=4.25433),(SPG.R-PUT.R)(p=0.00001, t=4.93766)(REC.R-DCG. 
L)(p=0.00006, t=−4.42763),(REC.R-DCG.R)(p=0.00001, t=−4.89336),(ACG.L-CAU.L)(p=0.00049, t=−3.76694)(DCG. 
L-CAU.L)(p=0.00055, t=−3.72892),(ACG.L-CAU.R)(p=0.00054, t=−3.73545)(CAU.L-CAU.R)(p=0.00010t=−4.27647); 
These nodes are mainly located in the basal ganglia network (BGN), visual network (VN) and default mode network 
(DMN).(Table 4, Figure 4)

Discussion
In this study, we utilized resting-state fMRI and graph theory to examine changes in the topological organization of 
functional brain networks in PD patients. The key findings from the study are as follows: (1) PD patients exhibited 
reduced Gamma and Sigma compared to the healthy control (HC) group; (2) The PD group displayed a reduction in 
Betweenness Centrality in the Inferior frontal gyrus, opercular part, an increase in degree centrality in the superior 
occipital gyrus and superior parietal gyrus, and a decrease in nodal efficiency in the superior occipital gyrus; (3) 

Table 2 Differences in Integrated Global Network Parameters 
Between Two Groups

PD (mean±SD) HC (mean±SD) p-values t-values

Eg 0.2639 0.0030 0.2640 0.0030 0.9524 0.0601

Eloc 0.3362 0.0060 0.3349 0.0069 0.5046 0.6728

Cp 0.2484 0.0116 0.2474 0.0129 0.7928 0.2643
Gamma 1.0580 0.0717 1.0150 0.0692 0.0432 2.0814

Lambda 0.4861 0.0098 0.4844 0.0085 0.5360 0.6237

Lp 0.8277 0.0253 0.8214 0.0202 0.3558 0.9331
Sigma 0.9455 0.0557 0.9107 0.0598 0.0470 2.0435

Notes: Comparison of small-world parameters and network efficiency parameters 
between PD patients and HC groups. Both PD patients and HCS have small-world 
properties. Gamma and Sigma decreased in the PD group. (Two-sample t test, p < 0.05, 
Bonferroni corrected). Significance of values in bold indicates < 0.05 and corresponding 
t values. 
Abbreviations: Cp, clustering coefficient; Lp, characteristic path length; Gamma, nor
malized clustering coefficient; Lambda, normalized characteristic path length; Sigma, scalar 
small world; Eglob, global efficiency; Eloc, local efficiency; PD, primary dysmenorrhea; 
HC, healthy control.
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Alterations in the functional connectivity were observed in the Basal Ganglia Network (BGN) (subcortical), Visual 
Network (VN) (occipital lobe), and Default Mode Network (DMN) (frontal lobe, prefrontal lobe, and parietal lobe) in PD 
patients.

Networks, viewed from both an intuitive and a formal graph theoretical standpoint, consist of items (or nodes) that are 
interconnected by pairwise relationships known as edges.29 Certainly, the brain can also be viewed as a network. We can 
conceptualize a brain network composed of billions of interconnected neurons, where cortical neurons are organized 
hierarchically into columns, functional areas, and functional systems.30 Prior research has established that the human 
brain network exhibits a well-connected system characterized by substantial small-world organization, featuring high 

Figure 2 In the defined sparsity range (0.10< S< 0.05), both the PD group and the HC group showed typical small-world properties (γ=Cpreal/ Cprand>1, λ=Lpreal/Lprand≈1). 
Circles and squares correspond to the mean PD and hc, respectively, and error bars correspond to the standard error of the subject group in each state. The AUCs of small 
word properties and network efficiency are represented by histograms. 
Abbreviations: Cp, clustering coefficient; Lp, characteristic path length; Gamma, normalized clustering coefficient; Lambda, normalized characteristic path length; Sigma, 
scalar small world; Eglob, global efficiency; Eloc, local efficiency; AUC, area under curve; PD, primary dysmenorrhea; HC, healthy control.
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clustering coefficients and short path lengths. This structural configuration promotes efficient segregation and integration 
of information while minimizing wiring and energy expenses.31 In this study, patients with PD exhibited reduced Gamma 
and Sigma values compared to the HC group. Gamma, in the context of network metrics, represents the difference in 
clustering coefficient (Cp) between the actual network and surrogate random networks. Cp reflects the degree to which 
neighboring nodes of a specific node are interconnected, indicating the level of local clustering.32 The term sigma in 
network metrics represents small-worldness, which signifies the balance within a network between randomness and 
order.28 In the study conducted by Wu et al, patients with PD exhibited a noteworthy reduction in global parameter 
stability and a marked increase in variability.33 Lee et al discovered that the small-world properties of functional brain 
networks were consistently observed in both the PD and control groups. The acute menstrual pain experienced by young 
individuals with PD did not impact the overall efficiency and small-world characteristics of resting-state functional brain 
networks.34,35 This discrepancy with our study results may be attributed to variations in subjects, imaging methodologies, 
and network analyses. Apart from investigating the global network topology, we also explored the nodal properties of 

Table 3 Significant Differences in Nodal Characteristics Between PD and 
HCs

Brain Regions p-Values t-Values

Betweenness Centrality PD<HC IFGoperc.R 0.000207509 −4.0455

Degree Centrality PD>HC SOG.R 0.000127163 4.2021

PD>HC SPG.R 0.000162884 4.1232
Nodal Efficiency PD>HC SOG.R 0.000430927 3.8076

Notes: Bonferroni correction was applied to each nodal characteristic, the p-value thresholds for 
nodal characteristics were 0.05. 
Abbreviations: PD, primary dysmenorrhea; HC, health control; IFGoperc. R, Inferior frontal 
gyrus, opercular part; SPG.R, Superior parietal gyrus; SOG. R, Superior occipital gyrus.

Figure 3 Significant nodal characteristics map the differences between two groups. 
Notes: Compared with the HC group, the PD group showed a decrease in Betweenness Centrality on the IFGoperc.R; an increase in Degree Centrality on both the SOG.R 
and the SPG.R; and a decrease in nodal efficiency on the SOG.R. 
Abbreviations: IFGoperc. R, Inferior frontal gyrus, opercular part; SPG.R, Superior parietal gyrus; SOG. R, Superior occipital gyrus.
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functional network alterations in PD patients. Our research unveiled notable shifts in node properties among individuals 
with PD. Contrary to our findings, Lee et al observed that local network metrics remained unaltered in PD patients.17In 
the study conducted by Zhang et al, it was noted that patients with primary dysmenorrhea exhibited increased VMHC in 
the bilateral superior orbital frontal gyrus and the bilateral middle frontal gyrus in comparison to healthy controls.36 In 
the study by Liu et al, structural alterations were identified in the occipital lobe of patients with PD, raising the question 
of whether PD patients experience visual changes alongside the reported pain.9

Leveraging the Network-Based Statistic (NBS) approach, our investigation revealed aberrant functional connectivity 
patterns encompassing 11 nodes and 11 connections, predominantly situated within the Visual Network (VN), Default 
Mode Network (DMN), and Basal Ganglia Network (BGN). Existing research has indicated that women with PD may 

Table 4 Significantly Altered Functional Connectivities in PD Patients 
Compared with HCs

Regions 1 Category Region 2 Category p-values t-Values

ROL.R Frontal SOG.R Occipital 0.00009 4.32770

OLF.L Prefrontal SOG.R Occipital 0.00089 3.56540

ROL.R Frontal SPG.R Parietal 0.00001 5.14137
SOG.R Occipital PUT.R Subcortical 0.00011 4.25433

SPG.R Parietal PUT.R Subcortical 0.00001 4.93766

REC.R Prefrontal DCG.L Frontal 0.00006 −4.42763
REC.R Prefrontal DCG.R Frontal 0.00001 −4.89336

ACG.L Prefrontal CAU.L Subcortical 0.00049 −3.76694
DCG.L Frontal CAU.L Subcortical 0.00055 −3.72892

ACG.L Prefrontal CAU.R Subcortical 0.00054 −3.73545

CAU.L Subcortical CAU.R Subcortical 0.00010 −4.27647

Notes: NBS method identified a significantly altered network (11 nodes and 11 connections) 
in PD group relative to HCs. (P<0.01; threshold T=2.649). 
Abbreviations: ROL.R, Rolandic operculum; OLF.L, Olfactory cortex; SOG.R, Superior 
occipital gyrus; SPG. R, Superior parietal gyrus; REC.R, Gyrus rectus; DCG.L, Median 
cingulate and paracingulate gyri; ACG.L, Anterior cingulate and paracingulate gyri; CAU. L, 
Caudate nucleus; PUT.R, Lenticular nucleus, putamen; DCG.R, Median cingulate and para
cingulate gyri; CAU. R, Caudate nucleus.

Figure 4 PD-related alterations in FC. 
Notes: NBS method identified a significantly altered network (11 nodes and 11 connections) in PD group relative to HCs. (P<0.01; threshold T=2.649). The PD patients 
showed abnormal long-distance and short-distance functional connections between/within VN, DMN and FPN. 
Abbreviations: ROL.R, Rolandic operculum; OLF.L, Olfactory cortex; SOG.R, Superior occipital gyrus; SPG. R, Superior parietal gyrus; REC.R, Gyrus rectus; DCG.L, 
Median cingulate and paracingulate gyri; ACG.L, Anterior cingulate and paracingulate gyri; CAU. L, Caudate nucleus; PUT.R, Lenticular nucleus, putamen; DCG.R, Median 
cingulate and paracingulate gyri; CAU. R, Caudate nucleus.
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display anomalous functional connectivity among regions of the Default Mode Network (DMN).18 The DMN includes 
the frontal midline and posterior midline as well as extensive portions of the inferior parietal lobule.21,37 The DMN is 
inhibited during tasks that require external attention and is active during memory, imagining the future, and making 
social inferences.38 The study by Lee et al found that the brain response to skin heat pain in the PD group, namely the 
posterior part of the DMN, was significantly lower than that in the control group during the menstrual phase (pain 
phase).39 The study by Jones et al found significantly higher median DMN connectivity in the superior frontal gyrus, 
where pain frequency was higher.40 The study by Huang et al found decreased in-network FC in the left v DMN superior 
parietal lobule in the PD group.5 Aligned with the outcomes of the current study, disturbances related to the Default 
Mode Network (DMN) are prevalent among patients with PD, a sentiment echoed by numerous neuroimaging investiga
tions. This discovery may offer novel perspectives on the underlying disease mechanisms. The basal ganglia network is 
chiefly involved in orchestrating movements while regulating cognitive and emotional reactions. Research by Shen et al 
revealed that functional connectivity (FC) between the amygdala (a component of the basal ganglia network) and the 
ventral tegmental area (VTA) was linked to plasma Prostaglandin E2 (PGE2) levels in PD patients.8 Research has 
indicated that individuals with PD exhibit alterations in the functional connectivity of the basal ganglia network. These 
findings imply that PD patients might experience difficulties in emotion and cognition, potentially contributing to 
a predisposition to depression among individuals with PD.41

Our study is subject to several limitations. Firstly, the sample size was small, potentially impacting the stability of the 
results. Secondly, variations in the choice of template regions could have influenced the outcomes of graph-based 
theoretical parameters. Furthermore, the assessment of neurological dysfunction in patients with primary dysmenorrhea 
was not included in the scope of this study. In the future study, we will study the longitudinal brain network changes in 
PD patients before and after treatment, and at the same time, we will use multimodal magnetic resonance imaging 
technology in the future to provide more precise biological markers for the mechanism of central nervous system changes 
in PD patients.

Conclusion
Our results indicate that individuals with PD showed abnormal brain network efficiency and abnormal connection within 
DMN, VN and BGN related to pain matrix. These findings have important references for understanding the neural 
mechanism of pain in PD, and provide important biological targets for the future neuroregulatory treatment of PD.
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