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Purpose: The current study aimed to explore the central mechanism of primary dysmenor-
rhea (PD) by investigating the alterations in resting state amplitude of low-frequency
fluctuation (ALFF) and regional cerebral blood flow (CBF) between PD patients and healthy
controls (HCs).

Patients and methods: A total of 34 female subjects including 20 PD patients and 14 HCs
underwent resting-state functional magnetic resonance imaging (rs-fMRI) and arterial spin
labeling technique (ASL) MRI during menstrual phase. Subsequently, the differences in
ALFF and CBF were compared in the two groups. The visual analog scores for pain
(VAS-P) and for anxiety (VAS-A) were applied to assess cramping pain and related
symptoms in PD patients. Finally, Pearson’s correlation analysis was performed to analyze
relationships between the neuroimaging findings and clinical characteristics.

Results: Compared to HCs, PD patients had decreased ALFF in the right cerebellum
posterior lobe, right middle temporal gyrus, right parahippocampal gyrus, right hippocampus,
right brainstem and left parietal lobe. In addition, elevated CBF values were observed in the
right inferior frontal gyrus, right precentral gyrus, and right superior temporal gyrus. There
was no significant correlation between ALFF, CBF values and clinical characteristics
including onset age of dysmenorrhea, VAS-A, and VAS-P in PD patients.

Conclusion: The preliminary alterations of ALFF and CBF values in PD patients were
observed in different pain-related brain regions, which were involved in multiple dimensions
of pain and pain modulation. The combination of rs-fMRI and ASL MRI might provide
complementary information for a better understanding of the central mechanism in PD.
Keywords: primary dysmenorrhea, resting state functional magnetic resonance imaging,
amplitude of low frequency fluctuation, arterial spin labeling, cerebral blood flow

Introduction

Primary dysmenorrhea (PD) is one of the most frequent gynecological diseases,
manifested by spasmodic cramping in the lower abdomen during menstrual period
without any organic pelvic lesions.' Many epidemiological surveys of dysmenor-
rhea prevalence in recent years have been shown at least 70% of menstruating
women worldwide have suffered from different degrees of dysmenorrhea.
Of patients 56.3-80.34% describe their menstrual pain as moderate or severe
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pain,” * which has negative effects on individual daily and academic activities,
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quality of life and so on.>"® At present, the most widely
accepted pathogenesis for PD is the overproduction of
uterine prostaglandins that stimulate myometrial contrac-
tions and cause ischemia during endometrial sloughing.”
However, definite pathophysiology remains to be investi-
gated. Some brain imaging studies show recurrent men-
strual pain can cause changes in brain structure, cerebral
perfusion and neuronal activity.® "2

The resting-state functional magnetic resonance ima-
ging (rs-fMRI) has been extensively applied and it has
been suggested that it provides a better understanding of
the pathophysiology with PD subjects on spontaneous
neuronal activities.'""'>™'® The rs-fMRI analysis methods
include amplitude of low-frequency fluctuation (ALFF),'!

13,14 .
314 and functional connec-

regional homogeneity (ReHo)
tivity (FC) and similar.'"'>'7 Among many rs-fMRI
metrics, ALFF indirectly reflects spontaneous neuronal
activities through examining the amplitude of low-
frequency oscillations of the blood oxygen level-
dependent (BOLD) signal,'® which reaches the best bal-
ance between test—retest reliability and replicability.'”
Using both ALFF and FC methods, previous study pro-
vided evidence that the default mode network (DMN)
dysfunction has been involved in menstrual pain. In addi-
tion, the ALFF values in the left medial prefrontal cortex
(mPFC) in PD patients positively correlated with illness
duration, indicating that mPFC may be a more character-
istic brain region.''°

Functional activation of brain regions is thought to be
reflected by increases in the regional cerebral blood flow
(CBF) and in the BOLD signal.?' The BOLD signal is
influenced by not only CBF but also blood volume or
oxygen metabolism.”> Because of this, ALFF does not
incompletely explain the neural mechanisms of pain. CBF
can accurately and indirectly reflect cerebral metabolism
and widely be applied in pain studies. A few studies have
explored perfusion abnormalities of the whole brain with
18F—ﬂuorodeoxyglucose positron emission tomography
(‘*F-FDG PET) in PD patients. They proposed that activa-
tion of thalamo-orbitofrontal-prefrontal networks may con-
tribute to the generation of pain and mechanisms of central
sensitization in PD.>** PET can be expensive and involves
exposure to radiation; however, arterial spin labeling (ASL)
MRI can detect functional activation associated with pain
perception by measuring regional CBF as a noninvasive,
radiationless and non-contrast technique.*'** To our knowl-
edge, ASL MRI has not yet been applied in PD patients. In
recent years, research on the combination of rs-fMRI and

ASL MRI has been increasing gradually.> The combina-
tion of these two techniques may provide more complemen-
tary information for
with PD.

In this study, we collected rs-fMRI and ASL MRI
data from PD patients and HCs to systematically inves-

understanding  pathophysiology

tigate alterations of resting-state ALFF and CBF in
whole brain and possible relationships between ALFF
and CBF. We also evaluated whether clinical character-
istics were correlated with altered ALFF and CBF in PD
patients. Therefore, we hypothesized that aberrant
regions of ALFF and CBF values might be found in
PD patients in various pain-related brain regions,
which were involved in multiple dimensions of pain
and pain modulation.

Patients and methods

Ethics statement
The Medical
Experimental Animal Ethics committee of Beijing
University of Chinese Medicine (reference: 2015BZ
HYLLO0112), which was conducted in accordance with
the Declaration of Helsinki.

study was approved by the and

Subjects

From December 2016 to January 2018, right-handed
women with PD were recruited from a university. All
subjects in this study were university students or grad-
uate students at school. All subjects were screened and
diagnosed by a doctor, who was familiar with the
details of menstrual questionnaires and pelvic ultraso-
nography. All subjects gave their written informed
consents.

The eligible PD patients met the following criteria:
(1) satisfied the definition of PD in line with the No.
345 — Primary Dysmenorrhea Consensus Guideline; (2)
16-30-year-old females without child; (3) a regular and
almost normal menstrual cycle of 21-35 days; (4) the
course of menstrual pain was present for longer than
6 months; (5) no drugs and other methods had been
used to treat dysmenorrhea in the last month; (6) the
average visual analog score (VAS) of menstrual
100=the worst

pain sensation) in the threerecent menstrual cycles.

pain>40 mm (0=no pain sensation,

For HCs, the inclusion criteria were similar to those
for PD patients, except that the controls had no men-
strual pain symptoms.
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Exclusion criteria for all participants were as follows:
(1) secondary dysmenorrhea caused by pelvic organic dis-
eases, such as endometriosis, pelvic inflammation and so
on; (2) having severe life-threatening disease, asthma, or
psychiatric disorder, etc.; (3) any oral contraceptives,
analgesics and antidepressant having been used within
6 months; (4) having any contraindication of MRI
examination.

In this study, there were 20 PD patients and 14 HCs
who fulfilled the inclusion criteria and completed MRI
scans. Among these subjects, six subjects with excessive
head motion were excluded from the study. The remaining
rs-fMRI and ASL MRI data collected from 16 PD patients
and 12 HCs were analyzed. The demographic data were
recorded before the MRI scan. The VAS for pain (VAS-P)
was completed to assess the cramping pain during men-
strual period and VAS for anxiety (VAS-A) was used to
evaluate related symptoms experienced by PD patients
retrospectively in the last three months.

MRI data acquisition

MRI data were acquired using a 3.0 Tesla scanner
Medical
Erlangen, Germany) at the Department of Radiology of

(Magnetom  Skyra, Siemens Solutions,
the Beijing Hospital of Traditional Chinese Medicine
Affiliated to Capital Medical University. The MRI scan
was performed during the first—third day of all subjects'
menstrual cycles. Sponge cushions and earmuffs were
provided to limit head motion and reduce scanner noise,
respectively. During the scan, subjects were required to
relax, close their eyes, remain awake and think about
nothing in particular.

A high resolution T1-weighted structural image was
obtained using a magnetization-prepared rapid-acquired
gradient echo sequence (MPRAGE) (repetition time (TR)
=2300 ms; echo time (TE) =2.32 ms; slices=192; flip angle
=8° field of view (FOV)=240 mmx»240 mm; data
matrix=256%256; voxel size =0.9 mmx0.9 mmx0.9 mm).
Rs-fMRI was acquired by mean of a gradient-echo echo
planar imaging (EPI) sequence using the following set-
tings: TR=3000 ms; TE=30 ms; slices=40; flip angle=90°;
FOV=220 mmx220 mm; matrix resolution=94x94; voxel
size=2.3 mmx2.3 mmx3.0 mm. The parameters of two-
dimensional pulsed ASL (2D PASL) sequence were as
follows: TR=2700 ms; TE=13 ms; slices=14; dist fac-
tor=25%;inversion time=1800 ms; bolus duration=700
FOV=230x230 mm;
size=64x64; voxel size=3.6 mmx3.6 mmx5.0 mm.

ms; flip angle=90°; matrix

ALFF preprocessing and analysis

Imaging data preprocessing was conducted by the toolbox for
Data Processing & Analysis of Brain Imaging (DPABI, Yan
et al 2016, http://rfmri.org/DPABI) based on MATLAB
R2015b. The preprocessing of functional images was
described as follows. The first 10 time points were removed
to allow for signal equilibration effects. The remaining func-
tional images were corrected to avoid the differences of slice
acquisition time and were realigned to the first image for
head motion correction. Subjects with head movements of
any direction more than 3 mm translation or 3° rotation were
excluded. Then, the corrected images were spatially normal-
in the Montreal
Neurological Institute (MNI) space and were resampled

ized to a standard brain template

with a 3x3x3 voxel size. White matter signal, cerebrospinal
fluid signal, and Friston 24 head motions were removed as
nuisance covariates. Next, the images were smoothed with
a 4 mm full-width at half maximum (FWHM) Gaussian
kernel to reduce noise and residual differences. Finally,
removal of linear trends was performed.

The ALFF maps were calculated using the DPABI
toolbox. Firstly, the preprocessing time series was
transformed to the frequency domain by fast Fourier
transform, and the square root of the power spectrum
was calculated at each frequency. Then, temporally
bandpass filtering (0.01-0.1 Hz) was applied to remove
low-frequency drift and physiological high-frequency
noise. Finally, ALFF values of each voxel were normal-
ized by Fisher z-transformation.

CBF preprocessing and analysis

CBF maps were calculated automatically by a Siemens scan-
ner. The subsequent preprocess was performed using
Statistical Parametric Mapping (SPM) 12 (Wellcome
Department of Imaging Neuroscience, London, UK, http://
www.fil.ion.ucl.ac.uk/spm) for MATLAB R2015b. First, the
correction and realignment of functional images were in agree-
ment with the preprocessing of ALFF. Then, T1-weighted
structural images were segmented into grey matter, white
matter, cerebrospinal fluid, which were subsequently resliced
to the ASL image space. Spatial normalization was acquired
referencing to the MNI space resampling to 2x2x2 mm® voxel
size. After preprocessing, CBF of each voxel was standardized
by dividing the mean CBF of whole brain using the DPABI
toolbox for reducing individual variance. Finally, the images
were smoothed with a Gaussian kernel of 8 mm FWHM by
SPM12. The mean CBF maps of subjects were obtained.
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Statistical analysis

A two-sample ¢-test was used to analyze demographic
data and clinical characteristics including age, the onset
age of dysmenorrhea, menstrual cycle and phase
between PD patients and HCs by using the SPSS 22
(IBM Corporation, Armonk, NY, USA). The signifi-
cance level was set at a threshold of p<0.05.

The group analysis was conducted using two-sample
t-test in the DPARSF software to examine the differences
between ALFF and CBF maps in whole brain adjusting for
age. The Gaussian Random Field (GRF) correction was
applied to perform the multiple comparison correction.
The ALFF and CBF values of abnormal brain regions
were extracted. Pearson’s correlation analysis was per-
formed to investigate underlying relationships between
abnormal ALFF or CBF values and onset age of dysme-
norrhea, VAS-A, and VAS-P in PD patients.

Results

Demographics and clinical symptoms

As shown in Table 1, 16 PD patients and 12 HCs were
included in the final analysis. There was no statistically
significant difference between the two groups in age, onset
age of dysmenorrhea, menstrual cycle and phase (p>0.05).
All PD patients suffered from painful cramps, other symp-
toms included nausea, vomiting, headache, back pain, leg
pain, dizziness, fatigue, and so on.

ALFF and CBF differences between
groups

Compared to HCs, PD patients show decreased ALFF
values in the right cerebellum posterior lobe (mainly
lobule VIII, partly lobule VIIB), right middle temporal

Table | Demographic and clinical characteristics of subjects

Parameter PD patients | HCs p-value
(n=16) (n=12)

Age (year) 23.9+2.6 24.9+1.9 | 0.252

Onset age of dysmenorrhea | 16.8+2.8 — —

(year)

Menstrual cycle (day) 29.9+3.3 30.5+4.1 | 0.661

Menstrual phase (day) 4-7 4-7 0.962

VAS-A 57.2+27.4 — —

VAS-P 71.6+18.0 — —

Notes: Data presented as mean * standard deviation. The menstrual phase was
described with maximum and minimum values.

Abbreviations: PD, primary dysmenorrhea; HCs, healthy controls; VAS-A, visual
analog score for anxiety; VAS-P, visual analog score for pain.

gyrus, right limbic lobe, right parahippocampal gyrus,
right hippocampus, right brainstem, and left parietal lobe
(includes left precuneus) (Figure 1 and Table 2), whereas
PD patients had increased CBF in the right inferior frontal
gyrus, right precentral gyrus and right superior temporal
gyrus (Figure 2 and Table 2). In addition, we did not find
any significant correlation between ALFF, CBF values and
clinical characteristics including onset age of dysmenor-
rhea, VAS-A and VAS-P in PD patients (all p>0.05).

Discussion

The main finding of the current study was that the menstrual
pain caused not only altered ALFF, but also activation of
CBF in the brain by using functional MRI. Comparing to
HCs, the ALFF values decreased in the right brainstem, left
precuneus, right limbic lobe including the hippocampus and
parahippocampal gyrus and right cerebellum posterior lobe.
The increase of regional CBF was mainly observed in the
right inferior frontal gyrus, right precentral gyrus, and right
superior temporal gyrus. Those altered brain regions were
involved in many aspects of pain modulation, such as emo-
tion, cognition, sensory function and so on, which might
contribute to the pathophysiology of PD.'?

As is known, the brainstem has been identified as
associated with menstrual pain, especially periaqueductal
gray (PAG). Accumulating evidence suggested that PAG
matter, a key structure in the neuraxis of pain modulatory
systems, was widely recognized as playing an essential
role in PD.">!'7 A previous study showed decreased FC
between PAG and DMN in PD patients, which might
indicate maladaptive neuroplasticity of the descending
pain modulatory systems. The authors considered that
dysfunction might make PD females in the later life
more vulnerable to many functional disorders and chronic
pain conditions.'” The current research found decreased
ALFF values in right brainstem although not in PAG. It
possibly implied that PD patients should be treated aggres-
sively as early as possible.

The DMN is recognized as an essential network com-
posed of several brain regions that preferentially activates
in the resting state. The precuneus as a major region of the
DMN played a key role in a wide range of advanced
cognitive functions, such as self-related processing, episo-
dic memory, and aspects of consciousness.”’ Another
study reported precuneus was also associated with the
perception of pain, and endogenous pain modulation.?’
An fMRI study demonstrated alterations in pain process
and modulation regions by examining ALFF and FC
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Figure | Results of altered ALFF in PD patients compared with HCs. The blue color represents deactivation. The color bar represents T values. In addition, the left side of
the picture corresponds to left hemisphere and the right side corresponds to the right hemisphere. The Gaussian Random Field (GRF) correction was used for the statistical

significance of group differences (voxel p-value <0.001, cluster p-value <0.05).

Abbreviations: ALFF, amplitude of low-frequency fluctuation; PD, primary dysmenorrhea; HCs, healthy controls.

Table 2 Brain regions with changed ALFF and CBF values in PD patients compared with HCs

Contrast items Brain regions Side Voxels MNI T value
X y z

ALFF differences: PD patients <HCs Cerebellum Posterior lobe R 64 18 -30 =21 —5.1154
Brainstem R 26 12 -36 -33 —4.7337
Middle temporal gyrus R 15 33 -9 —42 —4.9101
Limbic lobe R 47
Hippocampus R 32
Parahippocampal gyrus R 27
Parietal lobe L 69 -21 —45 51 —4.8845
Precuneus L 21

CBF differences: PD patients >HCs Inferior frontal gyrus R 160 56 0 10 4.1442
Precentral gyrus R 252
Superior temporal gyrus R 128

Abbreviations: ALFF, amplitude of low-frequency fluctuation; CBF, cerebral blood flow; PD, primary dysmenorrhea; HCs, healthy controls; R, right; L, left; MNI, Montreal

Neurological Institute.

changes in DMN including the precuneus, dorsomedial
prefrontal cortex, and anterior cingulate cortex and
thalamus."' Conversely, the value of ALFF was decreased
in the precuneus in the present study. We believed that this
might be attributed to, firstly, that the fMRI was performed
during the subjects' pain-free condition in the previous
study, while the patients of this study were in the men-
strual phase. Another reason was different sample sizes, as
the number of patients in this study was less than in the
previous research.

Apart from the above-mentioned areas, the hippocam-
pus and adjacent regions are also often reported as part of

the DMN. The hippocampus and parahippocampal gyrus
had been a great contribution to central processing of
anxiety-related behaviors and long-term memory.?®
However, previous evidence from animal and human stu-
dies suggested that the hippocampus was also significantly
associated with pain processing. In addition, the persistent
or chronic pain states could produce great effects on hip-
pocampal morphology, metabolism and function.”® The
work on the hippocampal slices of rats demonstrated that
peripheral persistent nociception tends to result in various
forms of central neural plasticity in the pain-related brain

29,30

areas, which probably results in long-term dysfunction
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L P J, involved in secondary sensory processing (lobule VIIIB),
- and cognition (lobules VIIB, Crus I, Crus II).>* The pre-
/\Llj sent study produced an interesting result that decreased
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Figure 2 The significant CBF differences between PD patients and HCs in men-
strual phase. Red color represents increased metabolism. The GRF correction was
applied for the statistical significance of group differences (voxel p-value <0.05,
cluster p-value <0.05).

Abbreviations: CBF, cerebral blood flow; PD, primary dysmenorrhea; HCs,
healthy controls.

of synaptic transmission and modulation at different levels
of the central nervous system. Our findings revealed
decreased ALFF in the hippocampus during menstrual
period in PD patients, which suggested that the hippocam-
pus might participate in pain processing. In addition,
a PET study demonstrated that hypometabolic areas
mostly located in the limbic system were closely related
to emotion in PD patients.>* Therefore, our findings might
suggest that limbic lobe dysfunction in the processing of
pain or uncomfortable sensations may be related to the
generating mechanism of PD.

The cerebellum is traditionally thought to be a motor
processing related brain structure, but it has been very
limited in the research on the pain. A meta-analysis of
neuroimaging studies has confirmed the cerebellum was
involved in pain or pain modulation, and possible func-
tional processes were associated with all dimensions in
regards to pain including emotion, cognition, sensory
function, and motor control.*'*?> An fMRI study suggested
that pain-related cerebellar activation induced by innocu-
ous and noxious thermal stimuli was reported in hemi-
spheric lobule VI and the anterior vermis varied with
pain intensity; these brain regions could reflect pain per-
ception and were assumed to be related to sensory-motor
integration and the expression of emotional behavior.>®
Another neuroimaging study showed different cerebellar
activation patterns to brush and heat stimuli between
healthy and neuropathic pain subjects, including areas

ALFF values were found in the right cerebellum posterior
lobe (mainly lobule VIII, and partly lobule VIIB). The
results suggested the cerebellum might participate in sec-
ondary sensory processing and cognition during menstrual
pain. The increased glycometabolism in the cerebellum
was mentioned in a study that indicated acupuncture
could relieve pain by activating the area involved in
pain, but the specific role of the cerebellum was not
detailed.”

In this study, altered ALFF values were found to be
involved in pain-related brain regions, whereas increased
CBF was observed in the right frontal lobe and temporal
lobe. Previous investigations®® indicated that the frontal
lobe almost integrated all the sensory perception and had
a lot of association with the limbic system, especially the
prefrontal cortex. This is the advanced part of the brain
development, performing processing and integration for
sensory and motorial information of the whole brain.
Furthermore, a study suggested that the pain of PD dur-
with
a dysfunctional pain modulatory system involving the

ing the menstrual phase could correlate

motor cortex.'> It was explained why high perfusion
occurred in the inferior frontal gyrus and precentral
gyrus in our study. Besides, increased CBF values were
observed in the superior temporal gyrus, which was
involved in pain control. It might also be related to the
noise of the MRI machine and the tension and anxiety
caused by the test.

The present results demonstrated the regions of abnormal
ALFF were not consistent with that of changed CBF in
menstrual phase in PD patients. Due to the different theories
of ALFF and CBF, they had different sensitivities in detect-
ing changes in neuronal activity in PD. Besides, 2D PASL
did not cover the whole brain, so it is not used to assess
subtentorial brain tissue. Some regions of decreased ALFF
were located in the subtentorial part. Though 2D PASL has
been more widely applied because of its speed and sensitiv-
ity, it yielded fewer activation clusters than other labeling
approaches, particularly 3D ASL.*’”® There were other
several limitations in this study. First, the PD subjects were
in the menstrual phase. We did not compare brain function
changes in different menstrual cycles. Second, we only
measured the changes of ALFF in given brain regions in rs-
fMRI. Functional connectivity methods should be concerned
to reflect the network integration effect in the follow-up
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study. Finally, the number of our cases was small, and we
will recruit more patients in the future.

In conclusion, the current results demonstrated the
ongoing menstrual pain in PD patients caused altered
ALFF and CBF values, which were involved in various
aspects of pain and pain modulation. We hoped that the
combination of rs-fMRI and ASL MRI might provide
complementary information to help improve understand-
ing of the pathophysiology of PD.
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