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Abstract

Primary dysmenorrhea is a common gynecological condition characterized by
painful menstrual cramps in the absence of identifiable pelvic pathology.
Traditionally, the pathophysiology of primary dysmenorrhea has been attributed
to excessive prostaglandin production, leading to uterine hypercontractility,
reduced uterine blood flow, and ischemic pain. However, recent evidence
suggests that central nervous system mechanisms may also play an important role
in the development and perception of menstrual pain.

The aim of this systematic review is to analyze recent neuroimaging studies
investigating changes in cerebral blood flow and brain functional activity in
women with primary dysmenorrhea. A literature search was conducted in
electronic databases including PubMed, Scopus, and Google Scholar to identify
relevant studies published between 2017 and 2025. Studies using neuroimaging
techniques such as functional magnetic resonance imaging (fMRI) and arterial
spin labeling MRI (ASL-MRI) were included.

The findings of the included studies demonstrate significant alterations in
cerebral blood flow and neural activity in brain regions involved in pain
processing, including the anterior cingulate cortex, insula, and prefrontal cortex.
Changes in functional connectivity and brain network organization were also
observed.

In conclusion, the available evidence suggests that primary dysmenorrhea
involves not only peripheral uterine mechanisms but also central nervous system
alterations that influence pain perception and modulation.
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AHHOTALMS

[lepBuuHasi nUCMEHOpEs SBISETCS PACHpPOCTPAHEHHBIM THHEKOJIOTHUYECKUM
COCTOSIHMEM, XapaKTEPU3YIOIIMMCsI O0JI€3HEHHBIMU MEHCTPYaIbHBIMU CIIa3MaMHU
IIPH OTCYTCTBUU OPraHUYE€CKOM MaTOJIOTUH OPTraHOB MaJjoro Ttas3a. TpaIulroOHHO
naToQU3noNIOTHsl  NEPBUYHOM  JTUCMEHOPEH  OOBSACHAETCS  MOBBILICHHOU
MPOAYKUMEH MPOCTaITIaHANHOB, BBI3BIBAIOIIUX TUIIEPCOKPATUMOCTh MAaTKH,
CHMKEHHE MaTOYHOI'O KPOBOTOKAa M MIIEMHUYECKYIO0 00ib. OAHAKO MOCIEIHHE
MCCJIEIOBAHUS MPEANOaraloT BO3MOXKHOE YYacTHE ILEHTPAJIbHOW HEPBHOMN
CUCTEMBI B (POPMUPOBAHUU MEHCTPYaJIbHOU OOJIH.

[lenpto JAaHHOTO CHUCTEMAaTUYECKOTO 0030pa SIBISETCS aHalIU3 COBPEMEHHBIX
HEHPOBU3YAIN3ALMOHHBIX  WCCJIENOBAHWW,  IOCBSIIEHHBIX  WU3MEHEHMIM
1epeOpaJIbHOTO KPOBOTOKA U (DYHKIIMOHAIBHOM aKTUBHOCTH MO3Ta y *KEHIIHH C
MEpBUYHON AUCMeHopeer. [lonck nureparypsl mpOBOAMICA B SJIEKTPOHHBIX
0azax nmanHbix PubMed, Scopus u Google Scholar nns BbisIBICHUS
HCCIIeIOBaHUM, OmyOInKoBaHHBIX B nepuoa ¢ 2017 mo 2025 roa. B 0630p Obutn
BKJIFOUEHBI UCCIIEI0BAHNS, UCTIOIb3YIOIIUE METOIbI HEHPOBU3YyAIIN3aLUH, TAKUE
Kak (YHKIIMOHANbHAs MarHUTHO-pe3oHaHcHass ToMmorpadus (fMRI) wu
apTepuanbHO-criMHOBast MapkupoBka (ASL-MRI).

Pe3ynbrarel BKIIOUEHHBIX HCCIEAOBAHMN MMOKAa3aJIM 3HAYUTEIbHBIE N3MEHEHUS
1epedpaabHOTO KPOBOTOKA U (DYHKIIMOHATBHOM aKTUBHOCTH B OOJACTSIX MO3ra,
Y4acTBYIOIIUX B 00paboTke OO0nM, BKJIOYAs NEPEIHIO TMOSCHYIO KOpY,
OCTPOBKOBYIO JOJIO W NpedpoHTANbHYI0 KOpy. Takke ObUIM BBISBICHBI
M3MEeHEeHUS QYHKITMOHAIBHON CBSI3HOCTH M OPTaHHU3AIIMN HEHPOHHBIX CETEH.
Taxum 06pa3oM, noayueHHbIE JaHHBIE CBUJETENLCTBYIOT O TOM, YTO IIEPBUYHAS
JUCMEHOpEesl CBsi3aHa HE TOJBKO € MepupepuyecKUMH MEXaHU3MaMH, HO U C
M3MEHEHUSIMU LIEHTPAJIbHON HEPBHOW CUCTEMBI, BIMSIOIIMMHU Ha BOCIIPUATHE U
MOAYJISINIO O0JIH.
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HelpoBm3yanu3zanusi,  ¢yHkuuoHanbHas ~ MPT,  wmeHcTpyanbHas  Ooub,
(GyHKIMOHATbHAS CBA3HOCTH MO3Ta

Introduction

Primary dysmenorrhea is one of the most common gynecological conditions
affecting women of reproductive age and is characterized by painful menstrual
cramps in the absence of identifiable pelvic pathology. The condition is primarily
associated with increased prostaglandin production, which leads to uterine
hypercontractility, reduced uterine blood flow, and ischemic pain (Zhou & Wang,
2018; Yu et al., 2022). Although the classical explanation of dysmenorrhea
focuses on peripheral uterine mechanisms, emerging evidence suggests that
central nervous system mechanisms may also contribute to menstrual pain
perception and modulation (Jin et al., 2017; Liu et al., 2023).

Recent advances in neuroimaging techniques have enabled researchers to explore
the role of the brain in pain processing associated with primary dysmenorrhea.
Functional magnetic resonance imaging (fMRI) and arterial spin labeling
magnetic resonance imaging (ASL-MRI) allow non-invasive measurement of
brain activity and cerebral blood flow changes related to pain processing (Zhang
et al., 2019; Zhang et al., 2020). Neuroimaging studies have reported structural
and functional alterations in several brain regions involved in pain modulation,
including the anterior cingulate cortex, insula, amygdala, and prefrontal cortex in
women with primary dysmenorrhea (Liu et al., 2022; Yu et al., 2022). These
findings suggest that recurrent menstrual pain may lead to alterations in brain
functional connectivity and cerebral perfusion.

Furthermore, previous studies have demonstrated abnormal activity in the default
mode network, reward system network, and mesocorticolimbic pathway in
patients with primary dysmenorrhea, indicating the involvement of central pain
modulation mechanisms (Liu et al., 2017; Liu et al., 2023; Zhang et al., 2019).
Therefore, investigating cerebral blood flow changes and functional brain
alterations may provide valuable insights into the pathophysiology of
dysmenorrhea and contribute to improved therapeutic strategies.
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Therefore, this systematic review aims to summarize current evidence regarding
cerebral blood flow alterations and functional brain changes associated with
primary dysmenorrhea.

Methodology

A systematic review was conducted to identify and analyze studies examining
cerebral blood flow and brain functional alterations in women with primary
dysmenorrhea. A comprehensive literature search was performed using electronic
databases including PubMed, Scopus, Web of Science, and Google Scholar. The
search included articles published between 2017 and 2025. Keywords and
Medical Subject Headings (MeSH) terms used in the search strategy included

2 13 2% €6

“primary dysmenorrhea,” “menstrual pain,” “cerebral blood flow,” “brain
perfusion,” “functional MRI,” “neuroimaging,” and ‘“brain connectivity.”
Boolean operators such as AND and OR were applied to combine search terms
and refine the results.

Studies were included if they met the following criteria: (1) original research
articles, (2) studies involving women diagnosed with primary dysmenorrhea, (3)
studies using neuroimaging techniques such as functional magnetic resonance
imaging (fMRI), arterial spin labeling MRI (ASL-MRI), or brain network
analysis, and (4) studies reporting outcomes related to cerebral blood flow, brain
activity, or functional connectivity. Studies were excluded if they were review
articles, conference abstracts, case reports, non-English publications, or studies
focusing on secondary dysmenorrhea or unrelated neurological conditions.

After the initial search, duplicate articles were removed. Titles and abstracts of
the remaining studies were screened for relevance, followed by full-text
evaluation of potentially eligible articles. Data from the included studies were
extracted and organized into a standardized table summarizing author
information, year of publication, country, sample size, study design,
neuroimaging methods, and statistical outcomes such as p-values, correlations,
and mean differences.
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The selected studies were then qualitatively analyzed to identify patterns in
cerebral blood flow changes, brain functional activity, and neural connectivity
associated with primary dysmenorrhea.

Results

A systematic search of the literature identified several neuroimaging studies
investigating cerebral blood flow and functional brain alterations in women with
primary dysmenorrhea. After applying predefined inclusion and exclusion
criteria, five relevant studies published between 2019 and 2023 were included in
the final analysis. These studies primarily used arterial spin labeling magnetic
resonance imaging (ASL-MRI), resting-state functional MRI (rs-fMRI), and
brain network analysis to evaluate changes in cerebral perfusion and neural
activity associated with menstrual pain. The included studies collectively
analyzed approximately 259 participants, consisting of women with primary
dysmenorrhea and healthy control subjects.

Across the included studies, significant alterations in cerebral blood flow were
observed in several pain-processing brain regions. Zhang et al. (2020) reported
significantly higher cerebral blood flow in the Rolandic operculum among
women with primary dysmenorrhea compared with healthy controls (62.4 + 8.1
ml/100 g/min vs 54.7 = 7.6 ml/100 g/min; t=3.21, p =0.002). Similarly, cerebral
blood flow in the insula was significantly increased in the dysmenorrhea group
(59.3 £7.9 ml/100 g/min) compared with controls (51.8 = 6.8 ml/100 g/min; p =
0.004) (Zhang et al., 2020). In addition, the same study demonstrated a moderate
negative correlation between pain intensity and cerebral blood flow (r =—0.42, p
= 0.003), suggesting that alterations in cerebral perfusion are associated with the
severity of menstrual pain.

Consistent findings were reported by Zhang et al. (2019), who observed
significantly higher cerebral blood flow in the anterior cingulate cortex in women
with primary dysmenorrhea compared with healthy controls (65.2 = 9.4 ml/100
g/min vs 55.9 = 8.2 ml/100 g/min; t = 3.45, p < 0.001). Increased perfusion was
also observed in the prefrontal cortex (60.7 £ 7.8 ml/100 g/min vs 52.6 £ 6.9
ml/100 g/min; p = 0.006). Additionally, spontaneous neural activity measured
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using the amplitude of low-frequency fluctuation (ALFF) index was significantly
higher in dysmenorrhea patients (1.38 = 0.21) compared with controls (1.11 +
0.18; t =4.12, p < 0.001), indicating increased neuronal activity in pain-related
brain regions (Zhang et al., 2019).

Alterations in functional brain connectivity were also consistently reported. Liu
et al. (2023) demonstrated that functional connectivity within the
mesocorticolimbic pathway was significantly increased in women with
dysmenorrhea (0.62 +0.14) compared with healthy controls (0.49 £0.12; t=3.08,
p = 0.003). Furthermore, regional homogeneity (ReHo), which reflects
synchronization of neuronal activity, was significantly higher in dysmenorrhea
patients (1.21 £ 0.17) compared with controls (0.97 +0.15; p=0.001), suggesting
enhanced neural synchronization in brain regions involved in pain and emotional
regulation (Liu et al., 2023).

Changes in large-scale brain network organization were also identified. Yi et al.
(2022) reported that global network efficiency was significantly higher in women
with dysmenorrhea compared with healthy controls (0.38 = 0.07 vs 0.31 £ 0.06;
p < 0.001). Similarly, the clustering coefficient, an indicator of network
connectivity, was significantly increased in the dysmenorrhea group (0.54 + 0.08
vs 0.47 = 0.07; p = 0.004), indicating altered organization of neural networks
associated with chronic menstrual pain (Yi et al., 2022).

Evidence from an intervention imaging study further supports the relationship
between menstrual pain and cerebral perfusion. Peng et al. (2021) reported that
cerebral blood flow in the anterior cingulate cortex decreased significantly
following analgesic treatment, from 64.1 + 8.6 ml/100 g/min before treatment to
56.9 £ 7.4 ml/100 g/min after treatment (t =2.91, p = 0.007). This approximately
11% reduction in cerebral blood flow following pain relief suggests that changes
in brain perfusion may reflect the neural mechanisms underlying menstrual pain.

Overall, the findings across the included studies consistently demonstrate that
women with primary dysmenorrhea exhibit increased cerebral blood flow in pain-
processing regions, elevated neural activity, and altered functional connectivity
compared with healthy controls. Quantitatively, cerebral blood flow in key brain
regions such as the insula and anterior cingulate cortex was approximately 10—
20% higher in dysmenorrhea patients, while functional connectivity and neural
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activity indices were approximately 20-30% higher. These findings support the
hypothesis that primary dysmenorrhea is associated with significant alterations in
central nervous system function and cerebral perfusion.
The characteristics and statistical findings of the included studies are summarized
in Table 1. The table presents details of study design, sample size, variables
measured, and the main statistical outcomes reported in neuroimaging studies
investigating cerebral blood flow in women with primary dysmenorrhea.

Systematic Review Table:1 Cerebral Blood Flow & Brain Activity in
Primary Dysmenorrhea (2019-2024)

Author | Country | Sample | Study Brain Region / | Dysmenorrhea | Control | Statistical | % Key Finding
(Year) Size Design Variable Mean = SD Mean + | Result Difference
SD
Zhang | China 35 PD | Case- Rolandic 62.4+8.1 547 + | t=321,p | 114.1% Increased  cerebral
Y.N. + 35 | control operculum CBF 7.6 =0.002 blood flow in pain-
(2020) HC ASL- (ml/100g/min) processing regions
MRI
Insula CBF 593+79 51.8 = | p=0.004 114.5% Higher perfusion
6.8 linked with
menstrual pain
Pain intensity vs | — — r=-042, | — Higher pain
CBF p =10.003 associated with
reduced CBF in
specific regions
Zhang | China 30 PD | Case- Anterior cingulate | 65.2+9.4 559 + | t=345p | 116.6% Significant
Y.N. + 30 | control cortex CBF 8.2 <0.001 hyperperfusion  in
(2019) HC fMRI + pain regulation area
ASL
Prefrontal  cortex | 60.7+7.8 526 + | p=0.006 | 115.4% Altered blood flow
CBF 6.9 in cognitive pain
processing region
ALFF (brain | 1.38£0.21 1.11 £ | t=4.12,p | 1243% Increased
activity index) 0.18 <0.001 spontaneous neural
activity
Liu N. | China 35 PD | Resting- | Functional 0.62+0.14 049 =+ | t=3.08p | 126.5% Altered emotional &
(2023) + 35 | state connectivity 0.12 =10.003 reward circuits
HC fMRI (mesocorticolimbic
pathway)
ReHo brain activity | 1.21 £0.17 097 <+ | p=0.001 124.7% Increased  regional
index 0.15 neural
synchronization
Yi S.J. | China 40 PD | Graph Global network | 0.38 £0.07 031 + | p<0.001 122.6% Dysmenorrhea alters
(2022) + 40 | theory efficiency 0.06 brain network
HC brain efficiency
network
study
Clustering 0.54+0.08 047 + | p=0.004 114.9% Higher clustering in
coefficient 0.07 neural networks
Peng China 24 PD MRI ACC CBF (before | 64.1£8.6 — — — Elevated perfusion
S.L. clinical treatment) before analgesic
(2021) trial treatment
ACC CBF (after | 56.9+7.4 — t=291,p | |11.2% Pain reduction
treatment) =0.007 associated with
decreased brain
perfusion
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Discussion

The present systematic review summarizes recent neuroimaging evidence
demonstrating significant alterations in cerebral blood flow and brain functional
activity in women with primary dysmenorrhea. Traditionally, primary
dysmenorrhea has been considered a peripheral gynecological disorder caused
mainly by uterine hypercontractility and prostaglandin release. However,
accumulating neuroimaging studies indicate that menstrual pain is also associated
with central nervous system alterations, particularly in brain regions involved in
pain perception, emotional regulation, and autonomic control.

The classical pathophysiological mechanism of primary dysmenorrhea involves
excessive production of prostaglandins, particularly prostaglandin F2a (PGF2a),
in the endometrium during menstruation. Elevated prostaglandin levels cause
increased uterine contractions, vasoconstriction of uterine blood vessels, and
reduced uterine blood flow, resulting in transient uterine ischemia and hypoxia.
This ischemic condition stimulates nociceptors in the uterus and generates
menstrual pain (Dawood, 2006; Iacovides et al., 2015). While this peripheral
mechanism explains the initiation of pain, it does not fully explain the variability
in pain intensity and the presence of central pain sensitization observed in many
patients.

Recent neuroimaging studies included in this review demonstrate that women
with primary dysmenorrhea show significant alterations in cerebral blood flow in
pain-processing brain regions such as the anterior cingulate cortex, insula, and
prefrontal cortex. For example, Zhang et al. (2020) reported significantly
increased cerebral blood flow in the Rolandic operculum and insula in
dysmenorrhea patients compared with healthy controls. Similarly, Zhang et al.
(2019) observed increased perfusion in the anterior cingulate cortex and
prefrontal cortex, suggesting heightened neural activity in brain regions
responsible for pain perception and cognitive modulation of pain.

The anterior cingulate cortex and insula are key components of the brain’s pain
matrix and play important roles in integrating sensory, emotional, and cognitive
aspects of pain perception. Increased cerebral perfusion and neural activity in
these regions may reflect central sensitization, a phenomenon in which repeated
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nociceptive stimulation from the uterus enhances the responsiveness of central
pain pathways (Tracey and Mantyh, 2007). This mechanism may explain why
women with chronic menstrual pain exhibit altered brain responses even outside
the menstrual phase.

In addition to changes in cerebral blood flow, several studies have reported
significant alterations in functional brain connectivity in women with
dysmenorrhea. Liu et al. (2023) demonstrated increased functional connectivity
within the mesocorticolimbic pathway, which is involved in emotional processing
and reward regulation. Increased connectivity in this pathway suggests that
chronic menstrual pain may influence not only sensory pain processing but also
emotional and psychological responses to pain.

Furthermore, alterations in large-scale brain networks have also been identified.
Yi et al. (2022) reported significantly increased global network efficiency and
clustering coefficients in dysmenorrhea patients compared with healthy controls.
These findings indicate that chronic menstrual pain may lead to reorganization of
brain network architecture, potentially reflecting adaptive or maladaptive neural
plasticity in response to repeated pain stimuli.

The relationship between pain severity and cerebral perfusion further supports
the role of central mechanisms in dysmenorrhea. Zhang et al. (2020) found a
moderate negative correlation between pain intensity and cerebral blood flow (r
= —(0.42), suggesting that changes in brain perfusion are closely related to the
subjective experience of menstrual pain. Additionally, Peng et al. (2021) reported
that cerebral blood flow in the anterior cingulate cortex significantly decreased
following analgesic treatment, indicating that brain perfusion changes are
reversible and directly linked to pain modulation.

Taken together, these findings suggest that primary dysmenorrhea involves both
peripheral and central mechanisms. While uterine prostaglandin-mediated
hypercontractility initiates menstrual pain, repeated nociceptive signaling may
induce functional and structural alterations in the central nervous system. These
central changes may contribute to enhanced pain perception, emotional responses
to pain, and altered pain modulation pathways.
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Despite these insights, several limitations should be considered. Most
neuroimaging studies included relatively small sample sizes and were cross-
sectional in design, limiting the ability to establish causal relationships.
Additionally, many studies were conducted in single-center populations, which
may limit generalizability. Future longitudinal studies with larger sample sizes
and multimodal imaging techniques are needed to better understand the dynamic
relationship between menstrual pain and brain functional alterations.

In conclusion, the evidence from recent neuroimaging studies suggests that
primary dysmenorrhea is not solely a peripheral uterine disorder but also involves
significant central nervous system alterations. Increased cerebral blood flow,
heightened neural activity, and altered functional connectivity in pain-processing
brain regions indicate that central neurovascular mechanisms play an important
role in the pathophysiology of menstrual pain.

“The pathophysiological mechanism of primary dysmenorrhea involves
increased prostaglandin release, resulting in uterine hypercontractility, reduced
uterine blood flow, and ischemic pain. These peripheral processes may further
influence central pain-processing pathways and alter cerebral blood flow, as
illustrated in Figure 1.”

PATHOGENESIS OF PRIMARY DYSMENORRHEA
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Conclusion

In summary, evidence from recent neuroimaging studies indicates that women
with primary dysmenorrhea exhibit significant alterations in cerebral blood flow
and brain functional connectivity. Increased perfusion and neural activity in key
pain-processing regions suggest that menstrual pain involves both peripheral
uterine mechanisms and central nervous system changes. These findings
highlight the importance of considering central neurovascular mechanisms in
understanding the pathophysiology and management of primary dysmenorrhea.
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