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Functional magnetic resonance imaging evaluation of central
sensitization in an experimental model of pain in rats with induced

endometriosis
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Chronic pelvic pain (CPP) is a common clinical
manifestation of endometriosis. Up to 87% of women with
CPP presented endometriosis lesions at laparoscopy (1).
It is not rare that CPP in patients with endometriosis is
frequently refractory to clinical and surgical treatments.
While the aim of these therapies is to control the
inflammatory process that occur as a consequence of the
presence of ectopic endometrial lesions, they do not directly
target pain due to central sensitization of the nervous system
and myofascial dysfunction, which can perpetuate pain from
myofascial trigger points even if endometriosis lesions are
destroyed or shrinked after treatment. The mechanisms
responsible for CPP is development this population still
to be fully described. As in most chronic pain syndromes,
there is no correlation between the presence or extension of
organic pathologies and the severity of symptoms, and many
women with severe endometriosis experience little or no
pain (2). Untl now, the available therapies for endometriosis
are not efficient as a definitive therapy, they can produce
satisfactory results in terms of controlling the progression
of the disease and reducing lesions activity (inflammatory
process). However, it is not uncommon that pain occurs,
even with no detectable residual pelvic pathology (3).

The hypothesis that central pain amplification might
be one of the mechanisms of CPP has been addressed
and supported in recent studies. The chronic stimuli
of nociceptors lead to lower activation threshold and
peripheral sensitization. The profusion of noxious stimuli
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from the damaged tissues into the dorsal horn of the
spinal cord induces structural and functional changes in
the central nervous system (CNS), ultimately leading to
central sensitization and causing exaggerated responses to
peripheral stimuli (4).

Sensorial alterations such as hyperalgesia and allodynia in
and outside the painful areas have been described in patients
with different chronic pain syndrome. Also increased neural
activity and structural alterations in pain-related cortical
areas have been pointed as evidence of CNS abnormalities
in pain processing in these cases (5,6).

Pain is intrinsically salient and, similarly to other
sensorial perceptions, has a specific signature in the brain
described as the dynamic pain connectome. The recognition
of these specific signals and its characterization have been
widely studied using the resting-state functional magnetic
resonance imaging (rsfMRI), which enables functional
interactions in the human brain connectome (7). It measures
ongoing brain activity by enabling the recording of the
Blood Oxygenation Level Dependent (BOLD) signals and
the functional connectivity (FC). Studies applying this
method associated to multivariate pattern analysis (MVPA)
have recently documented brain activity supposed to be
specific to pain, revealing network-level patterns of activity
that can probably distinguish, with high sensitivity and
specificity (often >90%), pain from nonpainful warmth,
pain anticipation, pain recall, and the experience of social
rejection (8,9).
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Brain works as a network system with different units
that have specific characteristics according to its remote
neuronal connection and what function it commands.
FC was initially defined as the interregional relationship
between remote brain regions and employed Pearson’s
correlation coefficient between their BOLD time series (10).
FC may be classified according to the spatial scale to
measure functional interactions or synchronizations
between the neighboring voxels or vertices. It is designated
as local FC when these interactions occur between 10 and
15 mm. Thus, local FC and remote FC can influence each
other, showing the importance of investigating local FC
with local functional homogeneity (11).

Due to the its composition (high phospholipid
concentration) the mammalian neural tissues are easily
damaged by free radicals, including reactive nitrogen
species (RNS) and reactive oxygen species (ROS). Also,
neuronal antioxidant defenses are weak (12). Thus, several
clinical conditions lead to increased ROS/RNS levels and
impair biomolecules, organelles and antioxidant defenses,
promoting oxidative stress, mitochondrial dysfunction
and inflammation (13). This negative impact of CPP in
brain organic composition is supported by studies that
demonstrated a reduction in gray matter volume (GMV)
in pain regulatory regions such as the thalamus, cingulate
gyrus, putamen, and insula, despite da presence of
endometriosis. Specifically in endometriosis-associated CPP
GMV is reduced in the thalamus, mid-cingulate cortex, and
posterior insula, what have been associated to worse pain
displeasure (6).

In Annals of Transiational Medicine, Zheng et al. described
the results of an experimental synergistic analysis of the
higher-position central sensitization mechanism in a
rat model of induced endometriosis (14). It proposed to
analyze the impact of pain, secondary to various locations
of endometriosis (EM), in the generation of images using
CNS rstMRI. For this purpose, the rats were submitted
to three different types of induced endometriosis by
suturing endometrial tissue to: the abdominal wall (n=5),
the gastrocnemius (n=5), and the ovary (n=5); they also
included a sham control group (n=5). They measured
the pain sensitization by hotplate test in a synergistic
analysis with magnetic resonance scan evaluation of
regional homogeneity (ReHo) at 4, 8, and 12 weeks after
endometriosis induction, followed by histological analysis
of the CNS by Nissl staining method. They found: a
higher pain sensitization in abdominal wall EM and in
gastrocnemius EM than in the ovary EM group and sham
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control; the right thalamus and the left olfactory tubercle
ReHo values were lower in gastrocnemius EM compared
to the other three groups; he gastrocnemius EM animals,
in comparison to the other three groups, presented with a
decreased number of neurons, cavitation around the nucleus
and pyknotic homogenous nuclei in the right thalamus; they
also found Nissl bodies with irregular shape; finally there
was no difference between the 4 groups in relation to the
left olfactory tubercle.

The authors conclude that the central sensitization
mechanism of EM, in various location, is probably located
in thalamus. They also suggest that gastrocnemius EM
animals with more severe pain, the oxidative activation may
be weakened in the thalamus. Based on their findings, the
authors recommended that this data could support future
research on imageology and pathology of various location
of EM pain.

The study supports the idea that ReHo can be used as
an index of network centrality, indicating its importance in
human connectome, it can be characterized as the local FC
between a particular node and its surrounding nodes. Pieces
of evidence suggest that the “network” of brain regions
involved in a pain response is far less pain-specific than the
neuroimaging community had assumed. They suggest that
there may be an abnormal activation of these networks by
stimuli that might be pain-related but are not necessarily
painful, and this may be a common pattern among chronic
pain syndromes (14). In a study conducted by Shimo ez 4/,
2011 (15), patients with low back pain (LBP) were exposed
to pictures that supposedly triggered painful events; the
patients reported increased back pain during the exposure
to the images. Another study exposed patients with chronic
migraine to pain-related words while they were submitted
to brain scan and, although they were asymptomatic at
the time of scan, they presented increased activations of
the anterior insula and orbitofrontal cortex. As-Sanie ez al.
found that higher anterior insula connectivity to mPFC
was correlated with anxiety scores [STPIDA-A, r(12)=0.61,
P=0.02], depression scores [STPIDA-D, r(12)=0.60, P=0.03]
and clinical pain intensity [BPI, r(11)=0.55, P=0.05].
According to Schmidt-Wilcke, “pain neuromatrix” may
be described as a salience network, and it is disrupted or
dysregulated in chronic pain with an altered “baseline” (6).

Pain, has a specific ‘neural signature’ that can be
described as the dynamic pain connectome. The
identification of this neural representation can be extremely
tricky once a pain-related but non-painful stimulus can
activate the same brain area and evoke a similar fMRI brain
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image. In an opinion report, Kucyi and Davis describe pain
as an intrinsically dynamic experience and the codification
of ‘pain connectome’ as “the spatiotemporal signature
of brain network communication that represents the
integration of all cognitive, affective, and sensorimotor
aspects of pain”. The level of integration among all this
aspects can vary spontaneously on multiple timescales (16).
It has been demonstrated by imaging studies that distraction
from a painful stimulus reduced the activation of the
ascending pain system (17).

There are many questions if ReHo really reflects the
local synchronization of spontaneous neural activity and,
if by itself, it can represent the complete CNS response to
pain stimuli. The study of Jiang and cols, 2014, examined
regional differences in ReHo and stated that it truly
represents a hierarchical organization of the brain and
neurodevelopmental factors. However, a limitation of
multivoxel pattern analysis (MVPA), using fMRI, is that it
assesses brain activity as ‘snapshots’ in time, not considering
pain connectome as a dynamic event, that must be analyzed
and described beyond instantaneous patterns.

There is evidence that suggests that clinical pain
perception is a result of an interaction between a
dysfunctional pain regulatory system in the CNS and
peripheral factors related to painful stimuli (18). The current
literature suggests that even among visceral CPP conditions
such as painful bladder syndrome and endometriosis,
the perception of pain may be related to dysregulation
or malfunction in motor cortical function and structure,
even if it presents as hypersensitivity of the pelvic floor
musculature and altered muscle activity. When dealing with
women with endometriosis-associated chronic pain, one
has to also take into account the environmental stressors,
genetic factors and cognitive/behavioral factors that likely
modulate chronic pain (6).

These findings show that the complexity of the networks
involved in central sensitization leading to chronic pain
are many and modulated by other information that
shares the same channels and acts in a dynamic network
of interactions. Although painful experimental stimuli
are not exactly comparable to the experience of chronic
pain, it allows the identification of the neural areas that
are activated by these stimuli and bring insights into the
central processes involved in pain perception, especially
when comparing patients with chronic pain and healthy
pain-free controls. In it important to highlight that proper
control condition in longitudinal assessments are essential
for an accurate determination of pain connectome dynamics
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and to identify the mechanism of action of different pain
therapies (16). This study focuses only on using ReHo and
anatomical alteration in the CNS detected through Nissel
staining methods, giving a reductionist approach to the
topic. However, it is of relevance in the creation of a study
model of treatments for endometriosis-associated chronic
pain.
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