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Background. Chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) is one of the most common diseases in urology, but its
pathogenesis remains unclear. As a kind of chronic pain which the patients suffered for more than 3 months, we investigated the
influence on patients’ brain functional connectivity in resting state. Methods. We recruited a cohort of 18 right-handed male
patients with CP/CPPS and 21 healthy male right-handed age-matched controls. Their resting-state fMRI data and structural
MRI data were preprocessed and processed by RESTPlus V1.22. To assess the integrity of the default mode network (DMN), we
utilized the voxel-wised analysis that we set medial prefrontal cortex (mPFC) and posterior cingulate gyrus (PCC) as seed points
to compare the global functional connectivity (FC) strength. Results. Compared with healthy control, the FC strength between
left mPFC and posterior DMN decreased in the group of CP/CPPS (P < 0:05, GFR correction, voxel P < 0:01, cluster P < 0:05),
and the FC strength between the left anterior cerebellar lobe and posterior DMN increased (P < 0:05, GFR correction, voxel P <
0:01, cluster P < 0:05). In the patient group, there was a positive correlation between the increased FC strength and the score of
the Hospital Anxiety and Depression Scale (HADS) anxiety subscale (r = 0:5509, P = 0:0178) in the left anterior cerebellar lobe,
a negative correlation between the decreased FC strength and the score of the National Institutes of Health Chronic Prostatitis
Symptom Index (r = −0:6281, P = 0:0053) in the area of left mPFC, and a negative correlation between the decreased FC
strength and the score of HADS anxiety subscale (r = −0:5252, P = 0:0252). Conclusion. Patients with CP/CPPS had alterations
in brain function, which consisted of the default mode network’s compromised integrity. These alterations might play a crucial
role in the pathogenesis and development of CP/CPPS.

1. Introduction

In the urological clinic, chronic prostatitis/chronic pelvic pain
syndrome (CP/CPPS) occurs in 5% to 10% of the male popula-
tion [1]. According to the category of National Institutes of
Health, CP/CPPS was defined as urological pain or discomfort
in the pelvic region sustaining for no less than 3 months during
the preceding 6 months that is associated with lower urinary
symptoms and not in consort with a urinary tract bacterial
infection [2]. Also, it is regularly connected with negative cog-
nitive, sexual, behavioral, or emotional consequences [3].

The pathogenesis of CP/CPPS is still unidentified. The
former studies suggested a specific role for immunological,
neurological, endocrine, and psychological factors [4]. About
78% of the men with CP/CPPS are found to be fighting with

psychological stress [5]. CP/CPPS is a kind of chronic pain
disorder. Thus, CP/CPPS should be recognized as the com-
pound, including a combination of spontaneous visceral
and referred somatic pain characteristics (i.e., pelvic visceral
and referred perineal pain) and the involvement of central
sensitization in the spinal cord and brain [6].

Functional magnetic resonance imaging (fMRI) and higher
magnetic field strengths could enable scientists to investigate
the brain accurately and noninvasively. Based on hemodynam-
ics, resting state in fMRI can assess functional connectivity
reflecting synchronous ultraslow frequency oscillation between
brain areas, which provides insight into how brain areas work
together to produce pain and how these networksmay bemod-
ified due to chronic pain [7]. The effect of blood oxygen level-
dependent (BOLD) originates from an increase in metabolic
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activity and blood flow in activating parts of the central nervous
system [8]. Functional connectivity (FC) describes the tempo-
ral synchrony or interregional cooperation between two or
more spatially separate regions [9]. Previous studies showed
FC between the motor cortex and the posterior insula may be
among the most significant markers of altered brain function
in men with CP/CPPS and may represent changes in the
integration of viscerosensory and motor processing [10]. How-
ever, the extent of other FC changes in CP/CPPS and how deep
the RSN reorganization would be specific/standard across this
particular disease remains mostly unclear.

Many patients with CP/CPPS complained that the disease
affected their life when they were in a state of relaxation and
resting instead of concentrating, working, and physical
exercise. Coincidentally, the default mode network (DMN),
which was initially identified as the “task-negative network,”
was originally recognized as domains that consistently showed
synchronized deactivation during tasks and prominent activa-
tion in the resting state [11]. The DMN, based on the medial
prefrontal cortex (mPFC) and posterior cingulate gyrus
(PCC), exhibits higher metabolic activity at rest than during
the performance of externally oriented cognitive tasks [12].

We hypothesized that due to chronic pain, the long-term
hemodynamic changes in the brain that endure CP/CPPS do
have diverse brain activity regions distinguished by resting-
state fMRI. To figure out the profound mechanism of
CP/CPPS, we utilized the BOLD fMRI method to investigate
the FC alterations of CP/CPPS in patients with spontaneous
pelvic pain during resting state.

2. Materials and Methods

2.1. Characteristics of Participants. The Ethics Committee
approved the Jingan District Centre Hospital data collection,
Shanghai (Ethical Approval Code: no. 2020-05). We collected
data from 18 right-handed male patients with CP/CPPS and
21 healthy right-handed age and gender-matched controls
(Table 1). To reduce the potential impact of senile brain atro-
phy, aged from 20 to 50 years male volunteers were required.
Consistent with the definition of CP/CPPS, this disease was
diagnosed by exclusion. The diagnosis was based on the chief
complaint, medical history, routine urine, prostatic fluid
examination, prostate ultrasound, and urinary system ultra-
sound to exclude acute or chronic bacterial prostatitis, prostate
cancer, benign prostate hyperplasia, and other related diseases
among the pelvic. All the patients had not taken any medica-
tions before, and they denied the other discomforts. The
participants would be excluded if they got any acute or chronic
infectious disease, other chronic pain diseases, internal organic
diseases, history of malignant tumors, and chronic diseases
that might contribute to peripheral nerve injury like diabetes
mellitus and hypertension. We instantly took them to get the
fMRI scan after their diagnosis through standardized clinical
procedures, so all the patients of CP/CPPS were performed
MRI examination only when they showed symptoms. Since
we considered some clinical symptoms of the CP/CPPS
involved in the lower urinary tract symptoms, all the partici-
pants were required to empty their urine bladders before
entering the fMRI. After obtaining the written informed con-

sent, all of the participants were requested to finish one
National Institutes of Health Chronic Prostatitis Symptom
Index (NIH-CPSI) scale [13] and one Hospital Anxiety and
Depression Scale (HADS) [14]. The numerical rating scale
(NRS) score was used to measure patients’ spontaneous pain
and eliminated potential pain patients in healthy control
[15]. Then, we instructed the patients to take regular drug
therapy according to their symptoms in case of delay in diag-
nosis. The acquisition, processing, and analysis of fMRI data
were evaluated by a senior neuroradiologist together with
our urologists.

2.2. Resting-State fMRI Data Acquisition.As shown in Figure 1,
we primarily recruited a cohort of health control (22 persons)
and patients (22 persons). After we eliminated unqualified
candidates, fMRI data were obtained from 18 patients with
chronic prostatitis/chronic pelvic pain syndrome rated sponta-
neous pain and also from 21 healthy control as participants
inside the scanner. The resting-state fMRI data were obtained
using a 3.0T GE MR750 MRI scanner with an eight-channel
phased-array head coil at the Jingan District Centre Hospital,
Shanghai. Whole resting-state fMRI data were acquired, using
a gradient-recalled echo-planar imaging pulse sequence
(repetition time ðTRÞ/echo time ðTEÞ = 2, 000/30ms, FA =
90°, acquisitionmatrix = 64 × 64, field of view ðFOVÞ = 22 ×
22 cm2, slice thickness = 4mm, no gap, 43 slices, and total
240 time points). The high resolution T1-weighted magnetic
resonance images were collected by a three-dimensional fast
spoiled gradient-echo dual-echo sequence (TR = 8100ms, TE
= 3:1ms, FA = 8deg, matrix = 256 × 256, FOV = 25:6 × 25:6
cm2, slice thickness = 1mm, no gap, and 156 slices). To classify
individual participants, the authors approached personal
information during or after data collection. All the partici-
pants were required to keep their eyes closed, reduce thinking,
maintain calm, and avoid falling asleep. In this step, the data
would be eliminated if the senior neuroradiologist found any
possible space-occupying lesion and vascular malformation
in the brain.

2.3. Data Preprocessing Analysis. All the DICOM files in for-
mat were converted to NIFTI files by MRIconvert (http://lcni
.uoregon.edu/jolinda/MRIConvert/). The resting-state fMRI
data were also preprocessed using SPM12 (https://www.fil
.ion.ucl.ac.uk/spm/) and RESTPlus V1.22 (http://www
.restfmri.net). To avoid statistic errors, all the scans were
examined before preprocessed. The preprocessing steps
included as follows: (1) discarding the first 10 time points
for reaching a steady-state magnetization and allowing all
the participants to adapt to scanning noise, and the remain-
ing 190 time points of image were processed in our following
study; (2) slice timing correction, slice order could be Matlab
formula: [1 : 2 : 43 2 : 2 : 42]; (3) head motion correction; (4)
normalization, transforming the brain images to reduce the
variability between individuals and allowing meaningful
group analyses by using T1 image unified segmentation, with
bounding box [-90, -126, -72; 90, 90, 108] and isotropic voxel
size [3, 3, 3]; (5) spatial smoothing, by the convolution of the
three-dimensional image with a three-dimensional Gaussian
kernel with a full width at half maximum (FWHM) of 6mm;
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(6) removing the linear trend of the time series caused by
warming of the scanner or adaptation of the participants,
with the time accumulation; and (7) nuisance covariable
regression, including 6 head motion parameters, the cerebro-

spinal flow signals, and white matter signals. The mean value
of the time series of each voxel was not added back in this
step. After preprocessing in RESTPlus, the linear trend was
removed. The fMRI data were temporally band-pass filtered

Table 1: The characteristics of participants.

CP/CPPS patients (n = 18) Healthy controls (n = 21) P value

Gender Male Male —

Age/years 30:92 ± 7:69 37:56 ± 7:86 0.0626

Duration of illness/months 20:00 ± 8:49 0 <0.001
NIH-CPSI score (1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 + 9) 17:33 ± 4:40 0 <0.001

Pain and discomforts (1 + 2 + 3 + 4) 11:55 ± 2:16 0 <0.001
Lower urinary tract symptoms (5 + 6) 1:22 ± 0:78 0 <0.001
Impact on quality of life (7 + 8 + 9) 4:55 ± 2:63 0 <0.001
NRS (4) 2:44 ± 0:50 0 <0.001
Severity of symptoms (1 + 2 + 3 + 4 + 5 + 6) 12:77 ± 2:34 0 <0.001

HADS (anxiety) 8:11 ± 2:02 0:90 ± 1:22 <0.001
HADS (depression) 3:22 ± 0:79 0:33 ± 0:47 <0.001

Recruited a cohort of
health control

22 healthy persons were
volunteered.

1 “healthy” person with a high
score in HADS was excluded.

Written informed consent

Finished NIH-CPSI and HADS

fMRI brain scan

Data processing and statistics analysis

Recruited the target cohort of
patients with CP/CPPS

Inclusion criteria:
(i) Chief complaint & history of illness (more than 3 months)
(ii) Medical history
(iii) Routine urine test
(iv) Prostatic fluid examination
(v) Prostate and urinary system ultrasound
(vi) Age & right-handed

Exclusion criteria:

3 patients were excluded.
1 patient with chronic unstable angina for 3 years

1 patient decided to drop out.

Finally, data of 18 patients with CP/
CPPS and 21 healthy men were collected.

1 patient with diabetes mellitus
⁎1 patient with metal artificial teeth

Totally, 22 patients with
CP/CPPS were recruited.

(i) Acute or chronic infectious diseases
(ii) Other chronic pain diseases
(iii) Internal organic diseases
(iv) History of malignant tumors
(v) Chronic diseases that might

contribute to peripheral nerve injury

Figure 1: Study design flow chart. We initially recruited a cohort of health control (22 persons) and patients (22 persons). However, 1 person
in health control and 4 persons in patient cohort were excluded. Their detailed reasons were demonstrated in the flow chart.
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(0.01-0.08Hz) to decrease the very low-frequency drift and
high-frequency noise from the cardiac and respiratory
systems.

2.4. Voxel-Wised FC Analysis. FC analysis was performed
using the RESTplus V1.22 after data preprocessing. Recog-
nized as the core regions of the anterior and posterior
DMN, the mPFC and the PCC were selected as seed points
for analysis. Their Montreal Neurological Institute (MNI)
coordinates are (-6, 52, -2) and (-8, -56, 26), respectively
[16]. A sphere with a radius of 6mm was selected as the
region of interest (ROI). The average time series of all the
voxels in ROI were extracted and calculated. Then, Pearson’s
correlation analysis was performed on the time series of each
voxel in the whole brain. Thus, the functional connection
diagram of mPFC and PCC with the whole brain was
obtained. Pearson correlation analysis was performed on
the time series of each voxel. The functional connection value
was expressed by the correlation coefficient (r value), and
then, it was converted to Z value by Fisher’s to conform to
the normal distribution.

2.5. Statistics Analysis. The results of characteristics of
participants, NRS scores, NIH-CPSI scores, and HADS scores
were compared using SPSS 17.0. A two-sample t-test was
conducted based on the measurement data (age, duration of
illness, NRS scores, NIH-CPSI scores, and HADS scores),
and outcomes were listed as �X ± S (Table 1). A two-sample t
-test was conducted based on the zFC values by the RESTplus
software based on SPM12. Gaussian random field (GFR) the-
ory, as multiple comparison correction, corrected functional
connection values (voxel P < 0:01, cluster P < 0:05). The brain
regions of increased or decreased FC values were taken as
ROIs, and the values of each ROIs were extracted as indepen-
dent variables by RESTplus. Pearson regression analysis was
conducted with SPSS 11.0 as dependent variables to NIH-
CPSI scores and HADS scores. The significant difference was
set at P < 0:05. Activities larger than 5 voxels were displayed
in pseudo-color on the calibrated standard brain map, and
their MNI coordinates, positions, and voxel sizes of peak
intensity were listed in a table (Table 2). The results of Pearson
regression analysis were presented by GraphPad 5.0.

3. Results and Discussion

3.1. The Characteristics of Participants.We evaluated a male,
dextromanual, and age-matched observational cohort
(P = 0:0626). In the patient line (Table 1), the duration of
the illness was about 20 months, accurately as defined. To
avoid the abnormal results triggered by senile atrophy of
the brain, we recruited volunteers aged between 20 and 50

years old. The score of NIH-CPSI revealed the patients suf-
fered from CP/CPPS in the situation between moderate and
severe edge, for a score above 18 means severe chronic pros-
tatitis. Because the score of HADS would be meaningful
when the score is more than 7, the main feature characteristic
of patients in our study was anxiety as the score of HADS
anxiety subscale was 8:11 ± 2:02 while the score of HADS
depression subscale was 3:22 ± 0:79. Therefore, we paid our
emphasis on the correlation between chronic pelvic pain
caused by CP/CPPS and anxiety as a psychological symptom.
The score of NRS was recognized as mild spontaneous pain
that does not interfere with sleep.

3.2. The Abnormal Brain Regions by FC Analysis. In our study
(see in Figure 2 and Table 2), when we set the PCC as the seed
point, we found the noticeably lower intensity of mPFC (peak
intensity: -7.40) and the ascending intensity of posterior
DMN regions like anterior lobe of cerebellum (peak inten-
sity: 7.12). Simultaneously, although we also put the mPFC
as the seed point, there was no statistical difference in zFC,
which indicated that the anterior and posterior DMN
showed a dissociation pattern.

3.3. The Correlation of Abnormal Brain Regions and Clinical
Scale Scores. As shown in Figure 3, in the patient cohort of
CP/CPPS, the zFC strength of the negative activated area in
the left mPFC was negatively correlated with the score of
NIH-CPSI scale (r = −0:6281, P = 0:0053). The zFC strength
of negative activated area in the left mPFC was negatively
correlated with the score of HADS anxiety subscale
(r = −0:5252, P = 0:0252) while the zFC strength of positive
activated area in the left cerebellum anterior lobe was posi-
tively correlated with the score of HADS anxiety subscale
(r = 0:5509, P = 0:0178). In contrast, there was no statistical
difference between the zFC strength of this area and the score
of NIH-CPSI scale (P = 0:3821). Additionally, the correlation
between the NRS scores and abnormal zFC strength revealed
no statistical difference, which is possibly due to the limited
sample size.

4. Discussion

The default mode network (DMN), identified as the “task-
negative network,” was initially recognized as domains that
consistently showed synchronized deactivation during tasks
and prominent activation in the resting state [11]. According
to the actual functional and anatomical classification of
DMN, it is mainly subdivided into two parts, the anterior
DMN and the posterior DMN, but both of these parts are
responsible for spontaneous or self-generated cognition
[17]. It has been proved that chronic pain is related to

Table 2: The details of differentiated FC in brain region.

Brain region
MNI coordinates

Voxel numbers Peak intensity
X Y Z

Left cerebellum anterior lobe -9 -51 -3 7 7.12

Left mPFC -6 51 -3 13 -7.40
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Figure 2: The differentiated brain regions with abnormal zFC values: (a) sagittal view; (b) axial view. The red region was positively activated,
and the blue region was negatively activated (P < 0:05, voxel ≥ 5, GFR correction, voxel P < 0:01, cluster P < 0:05). Compared to the healthy
control group, the patient cohort of CP/CPPS had differentiated brain regions with abnormal zFC values when we set the PCC as the seed
point.
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Figure 3: The differentiated brain regions with abnormal zFC values and their correlation with HADS anxiety subscale scores and NIH-CPSI
scores. (a) Negatively activated clusters. (b) The correlation between the HADS (anxiety) score and the degree of FC in area of negatively
activated clusters. (c) The correlation between the CPSI score and the degree of FC in area of negatively activated clusters. (d) Positively
activated clusters. (e) The correlation between the HADS (anxiety) score and the degree of FC in area of positively activated clusters.
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dysregulation within theDMN, and this dysregulationmay help
explain the mechanism of chronic pain syndromes [18, 19].

PCC is a part of the posterior medial cortex [20]. Its main
functional characteristic in DMN is its central status [21].
PCC is a highly connected and metabolically active brain
region, and its primary function is to integrate the central
system, regulate the flow of information around the brain,
and thus regulate attention and cognition to balance internal
and external thinking [22]. The activity of PCC changes with
arousal state and its interactions with other brain networks
may be necessary for consciousness. The previous studies of
fMRI indicated that a series of neurological and mental dis-
eases like schizophrenia, autism, depression, and attention
deficit hyperactivity disorder attribute to the abnormality of
PCC [23, 24]. Chronic pain requires attention and competes
for cognitive resource stimuli, so the internal functional alter-
natives in DMN might be the basis for the changes in atten-
tion and cognition during pain [16]. The previous study has
proved that the FC strength within DMN of patients with
chronic pain was connected to pain rumination that was a
measure of an individual’s constant attention to their pain
and its potential negative consequences [25]. The internal
changes of connectivity within the DMN may reduce the
aptitude of other stimuli to attract the individual’s attention
away from the pain.

The mPFC plays an imperative role in both executive
function and pain processing, and the mPFC undergoes a
major reorganization in chronic pain [26]. Deactivation of
mPFC output is causally correlated with both the cognitive
and the sensory components of neuropathic pain [27]. The
mPFC could serve dual, opposing roles in pain: (1) it medi-
ates antinociceptive effects, due to its connections with other
cortical areas as the main source of cortical afferents to the
PAG for modulation of pain; (2) it could induce pain chron-
ification via its corticostriatal projection, possibly depending
on the level of dopamine receptor activation (or lack of) in
the ventral tegmental area-nucleus accumbens reward path-
way [28]. Painful stimuli may affect cognition—the mPFC
and the mediodorsal nucleus of the thalamus form intercon-
nected neural circuits that are important for spatial cognition
and memory, and in chronic pain states, the mPFC is deacti-
vated, and mPFC-dependent tasks such as attention and
working memory are impaired [29]. Additionally, the func-
tional and structural connectivity of mPFC-PAG might be
associated with the individual differences in the tendency to
self-concerns about pain [30]. So, due to the individual differ-
ences, it is possible to explain the phenomenon that there is
no statistical difference between the patient group and the
health control when we set the mPFC as the seed point,
which may request to be further verified by subsequent large
sample size experiments.

In the DMN, the changes of FC in the mPFC were also
associated with self-reported anxiety levels [31]. The patients
with chronic pain would not only feel anxiety but also get the
fear related to the pain [32]. mPFC played a pivotal role in
the brain circuits of fear, and the alternatives of the DMN
might be the tractive force in this process. The fear related
to the pain would promote the side effects of cognition and
behavior [33]. More importantly, the fear of pain, which

was motivated by the anticipation of pain, was a prognostic
factor affecting the treatment of chronic pain [34]. Conse-
quently, the clinical doctors must apprehend the strong
impact of the cognitive process on the fear of pain, which
even brings about avoidance behavior. In the clinic, many
patients with CP/CPPS display poor compliance, i.e., they fail
to take medicine on time and make psychological confronta-
tion with the doctor. These patients should be carefully
communicated and instructed. The main treatable processes
conclude (1) to eliminate fear, explaining the idea “pain does
not an equal injury”; (2) helping patients set realistic and
reasonable expectations of treatment; (3) to improve self-
efficacy and reduce self-catastrophizing, encouraging self-
monitoring of patients; and (4) demanding the patients to
the mental health department if the patients express a severe
fear [35]. Otherwise, the anxiety, fear-avoidance, and density
of chronic pain of the patients would aggravate each other. In
similar studies, like chronic low back pain, complex regional
pain syndrome, and knee osteoarthritis, there was decreased
connectivity between mPFC and posterior DMN, and at the
same time, there is increasing connectivity between mPFC
and insular cortex, which is in proportion to pain intensity
[18, 19]. These consequences were similar to the results in
our study that there was decreased connectivity between
mPFC and posterior DMN, and its zFC values negatively
correlated to the prostatitis-like symptom scale scores, which
also prompted that we should put emphasis on the alteration
of the insular cortex in the patients with CP/CPPS in further
study.

The cerebellum had anatomical connections to multiple
regions of the frontal cortex and limbic region, critical for
its involvement in visual and auditory processing, motion
perception, cognition, and pain processing [36]. Yet, the
specific function of the cerebellum in the process of pain
and its role in pain disorders were still unclear [37]. The ante-
rior cerebellum was also known as the old cerebellum, mainly
involving motion control and body balance regulation [36].
Earlier studies had found anatomical connections between
the cerebellum and the prefrontal cortex, which are also
involved in motor function and somatic balance [36, 38]. A
study had found that pain experiences were organized by
somatization, and the cerebellum, activated by desomatiza-
tion, indirectly accepted the information to engage in
processing situational and emotional states partly through
the cortex and subcortical connections [39]. During painful
thermal stimulation, the bilateral frontal lobes of the cerebel-
lum were active, which indicated the frontal lobes of the
cerebellum might respond to motor control in response to
painful stimuli after pain activation [39]. One study sug-
gested that the cerebellum plays a vital role in the localizing
of painful stimuli [40]. Because of the lack of relative evi-
dence, it was speculated that the cerebellum is an integrator
of multiple effector systems, including emotional processing,
pain regulation, and sensorimotor processing [41, 42].

In this study, we speculated that the anterior cerebellum
might respond to pain by motor control. Since the activated
cerebellar motor regions were correlated with the anxiety
levels in patients with CP/CPPS, it was also possible that mul-
tiple effector systems got involved in pain integration. There
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were still differentiated functional subregions in the anterior
cerebellum lobe, which their precise mechanism of structure
and function were unclear. Further investigation was
required. In a study of chronic low back pain, the dysfunction
of mPFC might lead to the possibility of unconscious pain
behavior controlled by the cerebellum [43]. In another study
of chronic migraine, it revealed that the cerebellum was not
only involved in the pain process of migraine but also played
a significant role in the prognosis of migraine [44]. There was
increasing connectivity between the cerebellum and corpus
callosum cortex, temporal lobe in the patients of chronic
migraine, and decreasing connectivity between the cerebel-
lum and prefrontal lobe, which correlated with the poor
prognosis [44].

So, it illustrated that in addition to motor control, the
frontal cerebellum might also affect the patient’s mood
through its emotional processing capacity or get through
structural connections with the prefrontal lobe. It was also
proved that the clinical treatment of CP/CPPS should take
a measure of mind-body therapy [45, 46]. The aim of cogni-
tive reappraisal to the patients was to reverse maladaptive
cognition evaluation of their own [47, 48]. Through mindful-
ness meditation, there is a particular therapeutic effect as well
[26, 49].

The degree of reorganization within DMN depends on
the intensity and duration of chronic pain, mainly after more
than 10 years of chronic pain [19, 50]. We hypothesized that
as time went on, the functional connectivity of posterior
DMN and mPFC would be decreased, and its connectivity
to the anterior cerebellum lobe would be increased, which
reflected the influence of the clinical symptoms of CP/CPPS
gradually improved from emotion to more fear of pain. The
fear of pain progressively changed the behavior of patients,
while the avoidance would deepen the anxiety and distrac-
tion of DMN. Owing to the anatomical affiliation between
the cerebellum and the prefrontal lobe, whether the anterior
cerebellum and mPFC had the same or similar FC changes
or structural reconstruction remained to be investigated in
the future.

Consequently, patients with CP/CPPS had changes in
brain function, which consisted of the compromised integrity
of the default mode network. These changes may play a cru-
cial role in the pathogenesis and development of CP/CPPS.
Chronic pain should be best managed by using a multidisci-
plinary, biopsychosocial approach. With the development of
the research on etiology and mechanisms of CP/CPPS, we
would broaden our mind to expand our etiological treatment,
provide new targets for therapeutic trials, and improve
patients’ quality of life.

Nevertheless, there might be some limitations in this
research. The cohort of participants was relatively small. In
the patients of CP/CPPS, the main alteration of emotion and
psychology was anxiety, while they seldom revealed symptoms
of depression, which may be because the duration of illness
perhaps was a little shorter than other researches of chronic
pain. This study was an observational study without interven-
tion. Therefore, based on current findings, well-designed clin-
ical therapeutic cohorts are needed to investigate further.
Additionally, the tool fMRI could only describe macroscopic

changes in the patients’ brain function and structure. It has
been proved that chronic painmay be related to neural plastic-
ity, and the deeper cytological mechanism needs to be
explored by other methods.

5. Conclusions

Patients with CP/CPPS had some alterations in functional
connectivity of the brain, which mainly included the broken
integrity of the default mode network. These changes may
participate in the pathogenesis and progression of CP/CPPS.

Data Availability

The datasets used and analyzed in the current study are avail-
able from the corresponding author on reasonable request.

Conflicts of Interest

There is no conflict of interest regarding the publication of
this paper.

Acknowledgments

We thank Dr. Fen and Dr. Wu for kindly providing valuable
support during the research, especially in the fMRI data pro-
cessing and analysis. Both of them kindly provided almost all
of their experience in these procedures as senior researchers
in fMRI. We appreciated the outstanding assistance of Dr.
Huaping Sun, who came from Department of Radiology,
Huashan Hospital, Fudan University, in the fMRI data acqui-
sition. We could not get any data only if we were under his
direction. This study was supported by grants from the
National Natural Science Foundation of China (No.
81372316), the Chenguang Program of Shanghai Municipal
Education Commission (No. 158554), the Chinese tradi-
tional medicine project of Shanghai Health Commission
(No. 2020LP020), and the Health research project of Jing
’an District, Shanghai (No. 2020MS04).

References

[1] H. Schneider, M. Ludwig, H. M. Hossain, T. Diemer, and
W.Weidner, “The 2001 Giessen Cohort Study on patients with
prostatitis syndrome–an evaluation of inflammatory status
and search for microorganisms 10 years after a first analysis,”
Andrologia, vol. 35, no. 5, pp. 258–262, 2003.

[2] J. N. Krieger, L. Nyberg Jr., and J. C. Nickel, “NIH consensus
definition and classification of prostatitis,” JAMA, vol. 282,
no. 3, pp. 236-237, 1999.

[3] M. B. Passavanti, V. Pota, P. Sansone, C. Aurilio, L. De Nardis,
and M. C. Pace, “Chronic pelvic pain: assessment, evaluation,
and objectivation,” Pain Research and Treatment, vol. 2017,
Article ID 9472925, 15 pages, 2017.

[4] M. A. Pontari andM. R. Ruggieri, “Mechanisms in prostatitis/-
chronic pelvic pain syndrome,” The Journal of Urology,
vol. 179, 5 Suppl, pp. S61–S67, 2008.

[5] J. K. Kwon and I. H. Chang, “Pain, catastrophizing, and
depression in chronic prostatitis/chronic pelvic pain syn-
drome,” International Neurourology Journal, vol. 17, no. 2,
pp. 48–58, 2013.

7Neural Plasticity



[6] J. D. Loeser and R. Melzack, “Pain: an overview,” Lancet,
vol. 353, no. 9164, pp. 1607–1609, 1999.

[7] K. D. Davis and M. Moayedi, “Central mechanisms of pain
revealed through functional and structural MRI,” Journal of
Neuroimmune Pharmacology, vol. 8, no. 3, pp. 518–534, 2013.

[8] J. P. Bach, M. Lupke, P. Dziallas et al., “Auditory functional
magnetic resonance imaging in dogs–normalization and
group analysis and the processing of pitch in the canine audi-
tory pathways,” BMC Veterinary Research, vol. 12, no. 1, p. 32,
2016.

[9] Y. C. Chen, W. Xia, B. Luo et al., “Frequency-specific alterna-
tions in the amplitude of low-frequency fluctuations in chronic
tinnitus,” Frontiers in Neural Circuits, vol. 9, p. 67, 2015.

[10] J. J. Kutch, M. S. Yani, S. Asavasopon et al., “Altered resting
state neuromotor connectivity in men with chronic prostati-
tis/chronic pelvic pain syndrome: a Mapp: research network
neuroimaging study,” NeuroImage: Clinical, vol. 8, pp. 493–
502, 2015.

[11] M. E. Raichle and A. Z. Snyder, “A default mode of brain func-
tion: a brief history of an evolving idea,” NeuroImage, vol. 37,
no. 4, pp. 1083–1090, 2007.

[12] J. R. Andrews-Hanna, J. S. Reidler, J. Sepulcre, R. Poulin, and
R. L. Buckner, “Functional-anatomic fractionation of the
brain’s default network,” Neuron, vol. 65, no. 4, pp. 550–562,
2010.

[13] M. S. Litwin, M. McNaughton-Collins, F. FJ Jr. et al., “The
National Institutes of Health chronic prostatitis symptom
index: development and validation of a new outcome MEA-
SURE,” The Journal of Urology, vol. 162, no. 2, pp. 369–375,
1999.

[14] R. P. Snaith, “The hospital anxiety and depression scale,”
Health and Quality of Life Outcomes, vol. 1, no. 1, p. 29, 2003.

[15] F. A. Andrade, L. V. Pereira, and F. A. Sousa, “Pain measure-
ment in the elderly: a review,” Revista Latino-Americana de
Enfermagem, vol. 14, no. 2, pp. 271–276, 2006.

[16] Z. Alshelh, K. K. Marciszewski, R. Akhter et al., “Disruption of
default mode network dynamics in acute and chronic pain
states,” NeuroImage: Clinical, vol. 17, pp. 222–231, 2018.

[17] P. C. Mulders, P. F. van Eijndhoven, A. H. Schene, C. F. Beck-
mann, and I. Tendolkar, “Resting-state functional connectivity
in major depressive disorder: a review,” Neuroscience and Bio-
behavioral Reviews, vol. 56, pp. 330–344, 2015.

[18] M. N. Baliki, P. Y. Geha, A. V. Apkarian, and D. R. Chialvo,
“Beyond feeling: chronic pain hurts the brain, disrupting the
default-mode network dynamics,” Journal of Neuroscience,
vol. 28, no. 6, pp. 1398–1403, 2008.

[19] M. N. Baliki, A. R. Mansour, A. T. Baria, and A. V. Apkarian,
“Functional reorganization of the default mode network across
chronic pain conditions,” PLoS One, vol. 9, no. 9, article
e106133, 2014.

[20] P. Hagmann, L. Cammoun, X. Gigandet et al., “Mapping the
structural core of human cerebral cortex,” PLoS Biology,
vol. 6, no. 7, article e159, 2008.

[21] M. D. Greicius, K. Supekar, V. Menon, and R. F. Dougherty,
“Resting-state functional connectivity reflects structural con-
nectivity in the default mode network,” Cerebral Cortex,
vol. 19, no. 1, pp. 72–78, 2009.

[22] R. Leech and D. J. Sharp, “The role of the posterior cingulate
cortex in cognition and disease,” Brain, vol. 137, no. 1,
pp. 12–32, 2014.

[23] R. L. Buckner, J. R. Andrews-Hanna, and D. L. Schacter, “The
brain’s default network,” Annals of the New York Academy of
Sciences, vol. 1124, no. 1, pp. 1–38, 2008.

[24] D. Zhang and M. E. Raichle, “Disease and the brain’s dark
energy,” Nature Reviews Neurology, vol. 6, no. 1, pp. 15–28,
2010.

[25] A. Kucyi, M. Moayedi, I. Weissman-Fogel et al., “Enhanced
medial prefrontal-default mode network functional connectiv-
ity in chronic pain and its association with pain rumination,”
Journal of Neuroscience, vol. 34, no. 11, pp. 3969–3975, 2014.

[26] L. Hilton, S. Hempel, B. A. Ewing et al., “Mindfulness medita-
tion for chronic pain: systematic review and meta-analysis,”
Annals of Behavioral Medicine, vol. 51, no. 2, pp. 199–213,
2017.

[27] D. Radzicki, S. L. Pollema-Mays, A. Sanz-Clemente, and
M. Martina, “Loss of M1 receptor dependent cholinergic exci-
tation contributes to mPFC deactivation in neuropathic pain,”
Journal of Neuroscience, vol. 37, no. 9, pp. 2292–2304, 2017.

[28] W. Y. Ong, C. S. Stohler, and D. R. Herr, “Role of the prefron-
tal cortex in pain processing,”Molecular Neurobiology, vol. 56,
no. 2, pp. 1137–1166, 2019.

[29] M. Kunz, V. Mylius, K. Schepelmann, and S. Lautenbacher,
“Loss in executive functioning best explains changes in pain
responsiveness in patients with dementia-related cognitive
decline,” Behavioural Neurology, vol. 2015, Article ID
878157, 7 pages, 2015.

[30] Y. Du, G. D. Pearlson, Q. Yu et al., “Interaction among subsys-
tems within default mode network diminished in schizophre-
nia patients: a dynamic connectivity approach,”
Schizophrenia Research, vol. 170, no. 1, pp. 55–65, 2016.

[31] S. Elsenbruch and O. T.Wolf, “Could stress contribute to pain-
related fear in chronic pain?,” Frontiers in Behavioral Neuro-
science, vol. 9, p. 340, 2015.

[32] J. W. Vlaeyen and S. J. Linton, “Fear-avoidance and its conse-
quences in chronic musculoskeletal pain: a state of the art,”
Pain, vol. 85, no. 3, pp. 317–332, 2000.

[33] M. T. Tseng, Y. Kong, F. Eippert, and I. Tracey, “Determining
the neural substrate for encoding a memory of human pain
and the influence of anxiety,” Journal of Neuroscience,
vol. 37, no. 49, pp. 11806–11817, 2017.

[34] C. J. Stoodley and J. D. Schmahmann, “Evidence for topo-
graphic organization in the cerebellum of motor control versus
cognitive and affective processing,” Cortex, vol. 46, no. 7,
pp. 831–844, 2010.

[35] D. C. Turk and H. D.Wilson, “Fear of pain as a prognostic fac-
tor in chronic pain: conceptual models, assessment, and treat-
ment implications,” Current Pain and Headache Reports,
vol. 14, no. 2, pp. 88–95, 2010.

[36] O. Baumann, R. J. Borra, J. M. Bower et al., “Consensus paper:
the role of the cerebellum in perceptual processes,” Cerebel-
lum, vol. 14, no. 2, pp. 197–220, 2015.

[37] T. Bocci, G. De Carolis, R. Ferrucci et al., “Cerebellar transcra-
nial direct current stimulation (Ctdcs) ameliorates phantom
limb pain and non-painful phantom limb sensations,” Cerebel-
lum, vol. 18, no. 3, pp. 527–535, 2019.

[38] J. D. Schmahmann and D. N. Pandya, “Anatomic organization
of the basilar pontine projections from prefrontal cortices in
rhesus monkey,” Journal of Neuroscience, vol. 17, no. 1,
pp. 438–458, 1997.

[39] F. H. S. M. Welman, A. E. Smit, J. L. M. Jongen, D. Tibboel,
J. N. van der Geest, and J. C. Holstege, “Pain experience is

8 Neural Plasticity



somatotopically organized and overlaps with pain anticipation
in the human cerebellum,” Cerebellum, vol. 17, no. 4, pp. 447–
460, 2018.

[40] H. L. Fields, “Pain modulation: expectation, opioid analgesia
and virtual pain,” Progress in Brain Research, vol. 122,
pp. 245–253, 2000.

[41] D. Borsook, E. A. Moulton, S. Tully, J. D. Schmahmann, and
L. Becerra, “Human cerebellar responses to brush and heat
stimuli in healthy and neuropathic pain subjects,” Cerebellum,
vol. 7, no. 3, pp. 252–272, 2008.

[42] E. A. Moulton, J. D. Schmahmann, L. Becerra, and D. Borsook,
“The cerebellum and pain: passive integrator or active partici-
pator?,” Brain Research Reviews, vol. 65, no. 1, pp. 14–27, 2010.

[43] Y. Nakamura, K. Nojiri, H. Yoshihara et al., “Significant differ-
ences of brain blood flow in patients with chronic low back
pain and acute low back pain detected by brain SPECT,” Jour-
nal of Orthopaedic Science, vol. 19, no. 3, pp. 384–389, 2014.

[44] H.-Y. Liu, P.-L. Lee, K.-H. Chou et al., “The cerebellum is asso-
ciated with 2-year prognosis in patients with high-frequency
migraine,” Journal of Headache and Pain, vol. 21, no. 1,
p. 29, 2020.

[45] T. V. Salomons, M. Moayedi, N. Erpelding, and K. D. Davis,
“A brief cognitive-behavioural intervention for pain reduces
secondary hyperalgesia,” Pain, vol. 155, no. 8, pp. 1446–1452,
2014.

[46] A. Yoshino, Y. Okamoto, G. Okada et al., “Changes in resting-
state brain networks after cognitive-behavioral therapy for
chronic pain,” Psychological Medicine, vol. 48, no. 7,
pp. 1148–1156, 2018.

[47] J. D. Greenwald and K. M. Shafritz, “An integrative neurosci-
ence framework for the treatment of chronic pain: from cellu-
lar alterations to behavior,” Frontiers in Integrative
Neuroscience, vol. 12, p. 18, 2018.

[48] D. A. Seminowicz, M. Shpaner, M. L. Keaser et al., “Cognitive-
behavioral therapy increases prefrontal cortex gray matter in
patients with chronic pain,” The Journal of Pain, vol. 14,
no. 12, pp. 1573–1584, 2013.

[49] J. Kabat-Zinn, L. Lipworth, and R. Burney, “The clinical use of
mindfulness meditation for the self-regulation of chronic
pain,” Journal of Behavioral Medicine, vol. 8, no. 2, pp. 163–
190, 1985.

[50] H. Yang, X. Y. Long, Y. Yang et al., “Amplitude of low fre-
quency fluctuation within visual areas revealed by resting-
state functional MRI,” NeuroImage, vol. 36, no. 1, pp. 144–
152, 2007.

9Neural Plasticity


	Potential Alterations of Functional Connectivity Analysis in the Patients with Chronic Prostatitis/Chronic Pelvic Pain Syndrome
	1. Introduction
	2. Materials and Methods
	2.1. Characteristics of Participants
	2.2. Resting-State fMRI Data Acquisition
	2.3. Data Preprocessing Analysis
	2.4. Voxel-Wised FC Analysis
	2.5. Statistics Analysis

	3. Results and Discussion
	3.1. The Characteristics of Participants
	3.2. The Abnormal Brain Regions by FC Analysis
	3.3. The Correlation of Abnormal Brain Regions and Clinical Scale Scores

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Acknowledgments

