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T he pelvis cradles the reproductive machinery necessary for our species to evolve. As 
such, pelvic pain represents a critical threat to the survival of the individual and future 
offspring. Acute pelvic pain signals the presence of bacterial, fungal, or viral infec-

tion, or frank tissue damage. Accordingly, traditional assessment and treatment of pelvic 
pain target the end organs as the primary source(s) of pathology. However, when pelvic pain 
outlasts the normal healing period, a patient’s diagnosis will often depend on the treating 
physician rather than the unique configuration of symptoms. Gynaecologists investigate po-
tential anatomical, hormonal, and pathophysiological causes; physical therapists assess the 
tension, controllability, and strength of pelvic floor muscles; urologists biopsy tissue and test 
the functional capacity of involved organs; neurologists explore potential nerve entrapment 
or injury; sex therapists focus on anxiety and distraction to enhance sexual function; and 
psychiatrists seek psychosomatic causes with limited consideration of physical pathology. 
Like the Indian parable of the blind men and the elephant, each type of clinician emphasizes 
a narrow aspect of chronic pelvic pain (CPP) to guide diagnosis.

This specialization approach has given rise to three clinical obstacles that influence our 
understanding of CPP: (a) etiological theories outside a clinician’s specialty may not be con-
sidered; (b) clinicians rarely communicate across theoretical camps, leading CPP research 
to evolve as cross-disciplinary islands of unintegrated knowledge; and (c) such specialized 
approaches have seldom identified physical findings that explain the common symptom 
of pelvic pain. Indeed, CPP conditions are referred to as a family of clinical “wastebasket” 
diagnoses because, as diagnoses of exclusion, they are mutually defined by the lack of iden-
tifiable pathology. This atheoretical diagnostic approach fails to acknowledge the heteroge-
neity within each condition that likely points to multiple underlying pain subgroups.

In the context of the pain research field, this fragmented approach to studying pel-
vic pain is a symptom of long-standing ideological biases within the medical profession. 
An obsession with end-organ pain mechanisms restricts inquiry to local phenomena (i.e., 
 pelvic pathology, local inflammation, pelvic floor muscles). Similarly, a poor understanding 
of spinally mediated referred pain and viscerovisceral hyperalgesia reinforces a focus on 
misleading clinical symptoms characteristic of visceral pain. The common missing element 
is supraspinal involvement in processing chronic nociceptive input. Perhaps the last place 
one seeks to find the pelvis is in the brain.

The traditional view of peripheral and central nervous system (CNS) pain mecha-
nisms as independent contributors to CPP reflects an artificial distinction that, surpris-
ingly, continues to fuel controversy within the field [28, 58]. Peripheral and central input 
may compete, certainly, yet it is more likely that the respective roles of peripheral and cen-
tral processes shift with pain chronification as the organism adapts to a new baseline state 
of chronic pain [9, 27]. As a “sentient neural hub,” the brain mediates pain perception by 
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iteratively integrating environmental, nociceptive, and psychological inputs [38]. These  
inputs culminate in an ongoing neural representation of pain that serves many purposes, 
including the recruitment of protective behavioural responses such as escape, avoidance, or 
guarding [14]. The brain is uniquely suited to facilitate these adaptations through experi-
ence-dependent neuroplasticity.

LEARNING TO LIVE WITH PELVIC PAIN

Chronic pain has recently been conceptualized as a learned state of suffering [6]. CPP can 
therefore be characterized as an experience-dependent learned association between pel-
vic pain perception and functional disability. Functional disability secondary to CPP may 
take many forms, including hypervigilance to bodily sensations (digestive, urological, and 
sexual function), restricted movement, limited social interaction, and disrupted sleep, as 
well as negative emotional states that may diminish motivation to seek reward. By facili-
tating modified behaviour and motivation, chronic pain essentially redefines how an or-
ganism interacts with the environment. The brain adapts to this changing environment 
through learning, which requires long-term potentiation (LTP), an activity- and postsyn-
aptic NMDA-dependent enhancement of neural synchrony that underlies memory forma-
tion (i.e., consolidation) and memory revision (i.e., reconsolidation), which drives synaptic 
plasticity throughout the CNS [15], and potentially in the spinal cord [18]. Chronic pain 
must then be subject to the rules of memory formation and maintenance.

Arousal mechanisms inherent to pelvic pain ensure that a pain memory is strongly 
encoded from its inception. Pelvic visceral pain—or any visceral pain, for that matter—is 
inherently emotional because it is accompanied by increased autonomic arousal and strong 
negative emotional responses. McGaugh and others [35, 37] have hypothesized that mem-
ory consolidation relies on arousal mechanisms to modulate memory strength, such that 
memories encoded during stressful situations will be well remembered for future adap-
tive purposes. The basolateral amygdala plays a pivotal role in emotional (fear) memory 
formation because it is optimally responsive to norepinephrine produced during the stress 
response [39]. When paired with nociceptive input funnelled through the central nuclei 
of the amygdala, the negatively valenced sensory information can modulate (and amplify) 
pain behaviour. Conversely, the pharmacological inhibition of amygdala activity inhibits 
spinally mediated pain behaviour, suggesting that spinally mediated central sensitization 
may be dependent on supraspinal mechanisms [16, 42]. Furthermore, the reactivation of 
established emotional memory pathways with each subsequent episode of intense pain may 
facilitate reconsolidation (and further strengthening) of the salient pain memory [21] (but 
see [1]). CPP patients are then left with repetitive exposure to stress-enhanced pelvic pain.

Repeated emotional experiences with pelvic pain may alter the perception of other 
emotionally salient situations. Pelvic pain disrupts some of the most intrinsically reward-
ing physiological processes: sexual arousal, orgasm, urination, and defecation. The litera-
ture is rife with examples of how pelvic pain can frequently interfere with these rewarding 
processes. A subset of men with chronic prostatitis (CP) or chronic pelvic pain syndrome 
(CPPS) experience excruciating pain with ejaculation during masturbation and/or inter-
course, thereby dampening sexual motivation for future sexual encounters [5, 52]. Similarly, 
women with vulvodynia report exquisite pain with light vulvar touch, and also diminished 
sexual pleasure and sexual motivation [56]. The latter results are consistent with an ani-
mal model showing suppressed pacing mating behaviour—and therefore reduced sexual 
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encounters—in female mice with inflammatory genital pain [24]. In addition to sexual dis-
turbances, previously rewarding processes such as urination and defecation are disrupted 
with pelvic pain. Individuals with interstitial cystitis may report ongoing or intermittent 
lack of relief or pain with urination, pain with bladder filling, and heightened urinary  
urgency that persists [55]. Similarly, some men with CPP report a “golf ball in the anus” 
sensation that worsens with defecation and may trigger additional pelvic pain. These clini-
cal reports suggest that, when previously pleasurable events become painful, the emotional 
valence of reward may shift, as well. Such a phenomenon has been observed in chronic back 
pain patients who show abnormal nucleus accumbens activity associated with pain relief 
[11]. It is feasible that a maladaptive limbic circuit maintaining CPP may also influence 
processing of hedonic information.

Considering the emotionally salient origins of pelvic pain, it is reasonable to assume 
that factors driving the transition to CPP chronicity may differ from somatic pain condi-
tions, for which pain is localized to the skin, muscles, and/or bone (Fig. 28-1). In the first 
longitudinal neuroimaging study examining brain changes that parallel the transition to 
a common somatic pain condition, chronic back pain, functional representation of pain 
shifted from sensory nociceptive brain regions to limbic regions as pain persisted [9, 27]. 
These observations support the hypothesis that back pain is increasingly processed through 
more emotion-related regions as it becomes chronic. In contrast, pelvic visceral pain begins 
with strong nociceptive and emotional involvement, suggesting that limbic circuitry would 
likely be recruited soon after pelvic pain onset. It has been established that a predisposition 
to emotional learning can manifest in altered features of brain function and structure [13]. 
One possibility is that larger volumes of subcortical regions prior to visceral pain onset may 

FIGURE 28-1 Hypothesized divergence of pain chronification for pelvic visceral versus somatic pain. 
Pain chronification is depicted across time (x axis) and by dominant cortical systems involved in pain processing 
(y axis), ranging from regions mediating nociceptive processing (including primary and secondary somatosensory 
cortices, insula, anterior cingulate cortex, prefrontal cortex, and thalamus) to regions mediating emotion 
processing (limbic and mesocortical regions). In addition to the impact of predisposing factors (blue shading) 
prior to injury onset, it is hypothesized that the type of pain properties can also determine the trajectory of 
pain chronification. Acute pelvic visceral pain (red shading), defined by strong negative emotion and autonomic 
arousal, creates optimal conditions for arousal-enhanced fear learning of pelvic pain. In contrast, existing evidence 
suggests that emotional learning during the subacute phase (green shading) drives chronification of chronic low 
back pain—a prevalent form of somatic pain. further changes in brain function and structure that characterize 
unique pelvic pain diagnoses emerge during the chronic pain phase (orange shading), forging condition-specific 
trajectories.
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uniquely facilitate the transition to chronic visceral pain. This hypothesis is supported by 
single reports of increased hypothalamic, anterior cingulate, orbitofrontal cortex, dorsolat-
eral prefrontal cortex volume in irritable bowel syndrome (IBS) [17, 48], as well as increased 
grey matter density limited to bilateral hippocampus, lenticular nuclei, and substantia nigra 
in a sample of young women with vulvodynia [46]. The extent of emotional involvement in 
pelvic pain onset may be a decisive factor mediating this transition and can be influenced 
by genetic vulnerabilities, early life experiences, chronic stress, pain frequency, and/or in-
tensity of pain. Future longitudinal research is needed to determine whether visceral and 
somatic pain conditions share similar trajectories as they become chronic.

WHAT THE CHRONIC PHENOTYPE CAN  
AND CANNOT TELL US

The neuroimaging of pelvic pain is a young field. Unfortunately, the field has inherited 
ideological biases that will continue to limit the advancement of pain neuroimaging if left 
unchallenged. For instance, it is commonly assumed in pain neuroimaging that the chronic 
brain phenotype can reflect the etiological mechanisms that initiated the pain. This as-
sumption has evolved across many clinical and scientific environments that were limited by 
many unknowns: (a) the inciting factors triggering pelvic pain are frequently unknown; (b) 
the extent of peripheral injury rarely correlates with the features of chronic pain; (c) the few 
clinically relevant animal models of pelvic pain have yet to experimentally validate popular 
etiological theories (with the exception of [23]); and (d) a general disinterest in supraspi-
nal mechanisms of pain chronification has focused inquiry to primary afferents and their 
spinal terminations. It is therefore critical to recognize that distinct mechanisms underlie 
the initiation and maintenance of chronic pain. This distinction has clear significance for 
assessment and treatment approaches for CPP, as clinicians often obsess about how the pain 
began rather than how the body has adapted to maintain persistent pelvic pain.

Most pain neuroimaging literature is based on the chronic phenotype. Unique con-
figurations of grey matter changes distinguish between chronic pain diagnoses, includ-
ing chronic IBS, CP/CPPS, vulvodynia, interstitial cystitis/painful bladder syndrome, 
low back pain, osteoarthritis, phantom limb, chronic regional pain syndrome, temporo-
mandibular pain, and others [4, 19, 29]. These robust differences across pain populations 
suggest that neuronal changes driving unique patterns of grey matter reorganization are 
 condition-specific. However, the lack of consistent grey matter changes between—and 
sometimes within—conditions has frustrated efforts to delineate the meaning of these 
structural changes. Unreplicated studies of women with chronic vulvar pain [46], intersti-
tial cystitis/painful bladder syndrome [29], and dysmenorrhea [59, 60] have noted regional 
increases in subcortical grey matter, yet the finding of increased GM is far less common in 
other pelvic pain neuroimaging studies in men and women [8, 23, 40]. In men with CPP, 
Farmer and colleagues [23] found that anterior insula activity and grey matter density were 
associated with the magnitude of pelvic pain. In a separate male CPP cohort, significant 
reductions in anterior cingulate cortex volume also correlated with pelvic pain severity.

We know that it takes time to translate brain activity, which fuels the synaptic strength-
ening of pain memory traces, into anatomical changes that can sustain these memories. The 
formation of lasting memories requires late-phase LTP in the hippocampus to induce the 
protein synthesis necessary to initiate lasting structural changes (i.e., of terminal boutons, 
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dendrite morphology, etc.). The rate of hippocampal protein synthesis regulates the time 
course of these early anatomical changes, and the hippocampus requires approximately  
2 weeks to establish long-term cortical networks needed to encode and sustain a pain 
memory trace. During the early stages of pain chronification, the hippocampus remains 
continuously engaged via upregulated hippocampal–medial prefrontal connectivity that 
directly covaries with pain intensity [41], and this ongoing activity may account for incre-
mental voxel-wise changes in neocortical grey matter observed in chronic pain patients 
over the course of weeks, months, and years [9, 12]. The time frame of this latter process, 
which is consistent with the timescale of systems memory consolidation [22, 53], strongly 
suggests that observed alterations in regional grey matter reflect mechanisms underlying 
the chronic maintenance of pain memories, rather than the inciting processes that initially 
triggered LTP.

Interestingly, the hippocampus may play a prolonged role in the development of chronic 
pain. Under normal circumstances, a memory shifts from a hippocampus- dependent  
to -independent state in which the memory becomes a striatum-maintained habit mod-
ulated by the amygdala, which provides an emotional volume control for the memory  
[3, 30, 36, 50, 57]. Only when novel or high-arousal experiences are paired with a consoli-
dated memory does the hippocampus competitively re-engage the memory [34]. Hypothet-
ically, ongoing hippocampal involvement implies that the pain memory trace is continually 
reactivated and thus rendered vulnerable to change. Recent longitudinal data support this 
hypothesis and suggest that ongoing, severe pain is a sufficiently novel stimulus to maintain 
hippocampal involvement [41], and by extension, the amygdala–striatal modulatory loop 
that competes with the hippocampus for information [34]. Importantly, reactivated pain 
memories are susceptible to synaptic strengthening as well as the disruption of the memory 
trace through the process of memory reconsolidation. Compounds that mediate context-
specific memory disruption and/or pain-specific emotional dampening may be promising 
therapies for central modulation of pelvic pain.

Consistent with evidence that regional grey matter changes in pain patients take 
months to years to develop, the extent of grey matter changes consistently correlates with 
the duration of pain. Pain duration correlates with grey matter density of the anterior insula 
in men with CPP [23], and similar findings have been found in other chronic pain popula-
tions [10, 17, 45, 48]. Global grey matter reorganization may continue to shift across the 
course of years, suggesting that the magnitude of structural changes will evolve as pain per-
sists [12]. Conversely, the reversal of pain-related alterations in grey matter is observed with 
successful treatment, such that the reduction of clinical pain is accompanied by the restora-
tion of regional grey matter [44, 49]. For these reasons, grey matter properties may best be 
viewed as indicators of ongoing clinical severity related to pain maintenance. As such, they 
may be used as indicators of progressing chronification, as well as successful treatment.

The close temporal relationship between pain maintenance and neocortical grey matter 
properties suggests that these structural changes reflect ongoing neuroplastic processes as 
pain ebbs and flows. This pattern has been observed across numerous chronic pain condi-
tions [7, 12, 33, 51]. Even rapid fluctuations in grey matter properties closely correlate with 
symptom severity in women with cyclic menstrual pain [60]. Neural correlates of short-
term pain fluctuations in CPP are of special clinical interest, given our poor understanding 
of pain “flares,” a term used to describe exacerbations of pain that may last minutes, days, 
or weeks [54, 55]. Rapid brain structural changes over the timescale of weeks are suggestive 
of greater cortical reorganization with increased pain frequency and severity.
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TRANSLATING THEORY INTO DATA

The pelvic pain field, as a specialty that frequently deals with diagnoses of exclusion, lacks a 
strong theoretical framework for assessment, diagnosis, and treatment. By conceptualizing 
CPP as a collection of heterogeneous chronic disease states rooted in emotional learning, 
unanswered questions about pelvic pain etiology and disease maintenance become acces-
sible and testable. Furthermore, multimodal neuroimaging can be combined to identify the 
mechanistic interactions between brain function and structure in CPP.

Functional scanning of CPP has yet to be tailored to the stage of chronicity. Given the 
hypothesis that emotional learning plays a prominent role in the initiation and maintenance 
of CPP, it follows that brain functional representations of pelvic pain should preferentially 
reflect limbic involvement. However, emotional involvement may be more pronounced 
during the initial transition phase to CPP as novel pain information is consolidated and 
new memories are strengthened. In contrast, most CPP fMRI studies—as well as in the pain 
field in general—evaluate the chronic phenotype and may not capture the “critical window” 
of the greatest limbic involvement. To date, functional imaging of CPP has typically yielded 
nociceptive activity maps consistent with acute pain. For example, painful heat applied to 
the lower abdomen and arm evokes similar activation patterns in women with and without 
dysmenorrhea, including the secondary somatosensory cortex, premotor cortex, insula, an-
terior cingulate cortex, posterior cingulate cortex, orbitofrontal cortex, and subcortical re-
gions (e.g., putamen, thalamus, caudate, and brainstem) [61]. Such approaches have drawn 
criticism because they have not captured brain activity related to the clinical experience 
of spontaneous visceral pelvic pain. Even studies that manage to evoke clinically relevant 
pain, such as provoked vulvar pain in women with vulvodynia, have yielded equivalent 
activity maps in vulvodynia and pain-free groups (unpublished data) [26, 43]. One strategy 
hypothesized to better capture CPP-related brain activity is to have patients continuously 
report spontaneous pelvic pain intensity throughout a scan. Continuous ratings of pelvic 
pain intensity in men with CPP somewhat departed from the standard nociceptive signa-
ture, with activity localized to the insula, dorsolateral prefrontal cortex, posterior parietal 
cortex, primary somatosensory cortex, primary motor cortex, and precuneus regions [23].

Collectively, these findings strongly suggest that functional imaging in CPP popula-
tions has yet to produce new information about pelvic pain, with the exception of legitimiz-
ing pelvic pain as an objectively measurable clinical state. Methodological and/or analytic 
limitations can certainly account for a lack of CPP-specific functional activations, whereas 
other explanations should be considered in future research. (a) A greater magnitude of 
functional resources recruited for acute pain processing, which is essentially a task-related 
activity, may overpower our ability to detect lesser underlying CPP-related activity. (b) Pain 
perception may occur at a network rather than a brain regional level, therefore requiring an 
analysis of task and task-free (resting-state) activity to identify CPP-specific network dy-
namics (as seen in [31]). Network connectivity is critical in differentiating transient states 
of mind, including intrinsic and task-related states [25], as well as developmental processes 
and the presence of chronic disease [2, 47]. (c) Finally, abnormal brain activity may be more 
prominent during the initial transition from acute to chronic CPP, as suggested by early 
changes in nucleus accumbens and prefrontal cortical functional connectivity in predicting 
pain chronicity in subacute back pain patients [9]. In the latter case, functional imaging of 
the chronic phenotype may simply be insufficient to detect the critical brain activity under-
lying CPP. Future work that samples CPP groups at different stages of chronicity, as well as 
longitudinal neuroimaging studies, are required to detect the “critical window” when CPP-
specific brain activity is a dominant feature.
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The impact of prior brain activity can be estimated, albeit indirectly, by examin-
ing abnormalities in neuronal and axonal structure in the chronic CPP phenotype. The 
Hebbian axiom “Neurons that fire together wire together” reminds us that observable 
changes in brain structure result from novel communication patterns that are forged over 
time. Therefore, voxel-wise grey matter changes, which take weeks to months to develop, 
likely reflect long-term patterns of activity that have maintained the chronic phenotype 
of CPP. Perhaps the greatest danger in moving forward is to underestimate the hetero-
geneity in CPP populations, as this oversight would enhance noise in data and make it 
more difficult to detect real structural changes that result from specific disease processes 
leading to CPP.

Moving forward, the priority for pelvic pain neuroimaging is a thorough assessment 
of brain functional and structural abnormalities that differentiate CPP diagnoses, as well 
as subtypes within each diagnosis. A longitudinal characterization of brain structure is  
required to dissociate mechanisms underlying chronic pain initiation versus maintenance, 
with care taken to avoid extrapolating findings from the chronic phenotype of CPP. These 
priorities are cornerstones of the first multicentre longitudinal neuroimaging study of CPP 
populations, the Multidisciplinary Approach to the Study of Chronic Pelvic Pain (MAPP) 
Research Network, conceived by the National Institute of Diabetes and Digestive and Kid-
ney Diseases (NIDDK) with collaborations between Northwestern University, University 
of California at Los Angeles, Stanford University, University of Michigan, University of 
Alabama, and University of Washington [20, 32]. Pairing detailed MAPP epidemiological 
data with multimodal neuroimaging data, including resting-state functional, T1-weighted 
anatomical, and diffusion tensor imaging scans, will drive the identification of behavioural 
proxies that can be rapidly assessed by clinicians who treat CPP. Such proxies are critical 
to guiding early interventions in those who are vulnerable to developing CPP, as well as 
guiding therapeutic use of centrally acting agents and/or psychotherapy in patients who are 
most likely to respond to these treatment modalities.
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