Narrative Review

PAIN 00 (2026) 1-14

PAIN

Preclinical models of female pelvic pain disorders
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Abstract \
Pain is influenced by a complex interplay of biological, psychological, and social factors. Sex has emerged as a key determinant of

vulnerability to chronic pain and a major risk factor for poor response to available pharmacological treatments. Women report higher
rates of chronic pain and exhibit greater pain sensitivity; however, the underlying mechanisms remain poorly understood. Preclinical
models are essential to uncover sex-specific biological pathways involved in pain and to guide the development of novel, targeted
therapies through translational approaches. This review summarizes animal models of female-associated pelvic pain disorders,
including endometriosis, adenomyosis, dysmenorrhea, vulvodynia, interstitial cystitis, uterine leiomyomas, chronic pelvic pain, and
pelvic inflammatory disease. These models recapitulate key features such as lesion biology, neuroimmune interactions, and pain
behaviors also observed in patients. However, current models still face limitations in capturing spontaneous pain dynamics,
hormonal complexity, and psychosocial influences. Refining and integrating biological, behavioral, and sex-specific endpoints will

inflammatory disease

be crucial to enhance their translational relevance and advance precision pain therapies for women.
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1. Introduction

Pain perception is highly subjective and influenced by multiple
biological, psychological, and social factors. Pain arising from
disorders of the female pelvic region represents a major yet
frequently underrecognized health burden. Female pelvic pain
disorders, including endometriosis, adenomyosis, dysmenor-
rhea, vulvodynia, uterine leiomyomas, and pelvic inflammatory
disease (PID), affect millions of women worldwide and represent
a major cause of chronic pain during the reproductive years.
These conditions substantially impair quality of life, reproductive
health, and psychological well-being, often interfering with daily
and social activities and sexual function,26-59:67:95

Pelvic pain associated with gynecological disorders is fre-
quently persistent or recurrent and may occur independently of
the extent of visible pathology. In many patients, pain persists
even after treatment of the underlying disease, suggesting that
mechanisms beyond tissue damage contribute to symptom
maintenance. Clinical manifestations often include visceral
hypersensitivity, referred pain, dyspareunia, dysmenorrhea, and
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comorbid pain disorders, highlighting the complex and multifac-
torial nature of these conditions.'%*

The mechanisms underlying these pain states involve complex
interactions  between inflammatory mediators, immune
responses, and neuroplastic changes in peripheral and central
nociceptive pathways, with hormonal factors playing a key role in
modulating pain perception and nociceptor sensitivity, thereby
contributing to dynamic fluctuations in pain state.®* In addition,
cognitive, affective, and behavioral components may further
shape the pain experience in women.®®

Despite their high prevalence and clinical impact, the biological
mechanisms driving female pelvic pain disorders remain poorly
understood, thus contributing to delayed diagnosis, limited
treatment options, and suboptimal pain management. Current
therapeutic strategies are frequently directed toward the un-
derlying gynecological condition or inflammation, while effective
mechanism-based treatments specifically targeting pain are still
lacking.

Preclinical models play a critical role in dissecting these
mechanisms and in identifying novel therapeutic targets.
Experimental animal models allow controlled investigation of
disease-driven processes, including lesion formation, inflamma-
tion, hormonal modulation, and neuroimmune signaling, while
enabling the evaluation of pain-related behavioral outcomes.

In this review, we summarize currently available preclinical
animal models of pelvic pain disorders affecting the female
reproductive system, focusing on conditions such as endome-
triosis, adenomyosis, dysmenorrhea, vulvodynia, uterine leio-
myomas, and pelvic inflammatory disease. We highlight
experimental models that reproduce key disease-driven patho-
logical processes and associated pain behaviors. For each
disorder, we discuss experimental approaches used to model
disease-associated pain, their advantages, and relevance for
understanding the biological mechanisms underlying pelvic pain
in women. By integrating findings across experimental systems,
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this review also aims to highlight current limitations in pain
modeling and to identify priorities for future research aimed at
improving the translational relevance of preclinical studies in
female pelvic pain disorders.

2. Methods

This review was conducted through a comprehensive literature
search aimed at summarizing and critically discussing preclinical
studies investigating animal models of female-associated pain
disorders. The objective was to provide a pain-focused perspec-
tive on experimental models used to study endometriosis,
adenomyosis, dysmenorrhea, vulvodynia, uterine leiomyomas,
and pelvic inflammatory disease. Relevant studies were identified
through PubMed, Scopus, and Web of Science using combina-
tions of keywords related to pain, animal models, and female
pelvic disorders. No restrictions on publication year or language
were applied, and only peer-reviewed articles were included.
Priority was given to preclinical in vivo studies incorporating
pain-related behavioral or functional endpoints, including me-
chanical or thermal hypersensitivity, visceral pain responses,
referred pain, or spontaneous pain-like behaviors. Studies
distinguishing between evoked and ongoing pain were empha-
sized due to their translational relevance. As pain phenotyping
remains limited in several female pelvic disorders, seminal studies
focused on model establishment, inflammation, hormonal
regulation, or tissue remodeling were also included when widely
used in the field. Human clinical studies were not systematically
reviewed but selectively cited to contextualize preclinical findings
and highlight discrepancies between experimental outcomes and
clinical pain phenotypes. Study selection was guided by
relevance to pain neurobiology and translational potential.

3. Results
3.1. Endometriosis

Endometriosis is a gynecological condition characterized by the
growth of endometrial tissue in extrauterine sites, causing severe
chronic pelvic pain and infertility.®” Approximately 10% of women
of fertility age are affected by endometriosis, and the diagnostic
process is often delayed due to the lack of symptom specificity.®”
More than 60% of women affected by endometriosis report
chronic pelvic pain, with a likelihood of experiencing abdominal
pain that is over 10 times higher than that observed in healthy
women.'® Surgical removal of endometriotic lesions alleviates
chronic pain in approximately 70%-80% of patients®; however,
pain frequently recurs within 12 months after lesion excision, even
in the absence of lesion regrowth, 2132

3.1.1. Preclinical model and pain-related outcome

Murine models of endometriosis are essential for dissecting the
pathogenesis of this estrogen-dependent inflammatory disease,
although their development is complicated by the absence of
spontaneous menstruation in mice, requiring experimental in-
duction of lesions. Most current models rely on ovariectomy or
transplantation of isolated endometrial tissue, representing the
oldest and most widely used approaches and remaining
consistent with key aspects of the human disease process.?® 34
In surgical engraftment models, uterine tissue fragments are
sutured or adhered to the peritoneal wall, mesentery, or
abdominal surfaces, generating cyst-like, gland-containing
lesions resembling those observed in patients.®23° Alternative
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approaches based on intraperitoneal (i.p.) injections more closely
reproduce retrograde menstruation by dispersing minced or
decidualized endometrial tissue into the peritoneal cavity,
enabling investigation of implantation dynamics and immune
interactions, although with greater variability in lesion distribution
and number, 570135

An ovarian endometriosis model established through bursec-
tomy has been used to investigate ovarian function in mice.”*
Transplantation of minced uterine tissue into the ovarian bursal
space resulted in altered ovarian anatomy, cystic lesions, and
increased oxidative stress markers, including 4-hydroxy-2-
nonenal (4-HNE) and 8-hydroxy-2’-deoxyguanosine (8-OHdAG),
particularly in primordial and pre-antral follicles. Reduced follicle-
stimulating hormone (FSH) levels were associated with impaired
follicular development and reduced fertility.”* Similarly, surgical
models in rats confirmed the presence of endometrial glandular
tissue within the ovary and reported increased numbers of
unruptured luteinized follicles, suggesting ovarian dysfunction
despite unchanged body weight.*

Fattori et al. developed a nonsurgical murine model
mimicking key features of human endometriosis.>® Estradiol-
primed donor endometrial tissue was minced and injected
intraperitoneally into recipient mice, leading to a time-
dependent increase in endometriotic-like lesions and the
development of both evoked and spontaneous pain behaviors.
Pharmacological validation showed that clinically used drugs,
including letrozole and danazol, reduced pain-like responses.
Using the same model, Titiz et al.’*® identified neuroimmune
mechanisms involving Schwann cell C5a receptor (C5aR1),
NLRP1/IL-1B activation, macrophage recruitment, oxidative
stress, and TRPA1 channel activation sustaining
neuroinflammation.

More recently, Wilson et al. (2020) developed a genetically
engineered mouse model (GEMM) reproducing invasive spread
of endometrial tissue by combining ARID1A loss and PIK3-
CAH1047R activation in endometrial epithelial cells through the
lactotransferrin-Cre system. Unilateral salpingectomy enabled
mutant cells to enter the peritoneal cavity, resembling retrograde
menstruation. Limitations include reduced lifespan due to
endometrial dysfunction and the complete penetrance of
mutations, which differs from the mosaic nature of human
disease. ™’

Overall, while surgical and transplantation-based models
provide important insights into ovarian dysfunction and fertility,
they often fail to fully reproduce the complex symptomatology of
endometriosis, particularly spontaneous pain and systemic
inflanmatory alterations beyond local lesions. Nonsurgical
approaches, such as those developed by Fattori et al. and further
characterized by Titiz et al. represent an important advancement
in reproducing the human pain phenotype and dissecting
neuroimmune mechanisms underlying disease-associated
pain®®'43 (Fig. 1).

Rodent models offer practical advantages, including low cost,
ease of handling, and genetic manipulability, but their trans-
lational value for endometriosis-associated pain is limited by the
absence of menstruation. Nonhuman primate models more
closely recapitulate key reproductive and hormonal features of
the human condition and can develop spontaneous endometri-
osis with lesions similar to those observed in women,5-6:46:10
The spontaneous incidence of endometriosis is relatively high,
approximately 36% in rhesus monkeys, 27% in baboons, and
29% in cynomolgus monkeys,*"*" making these species
particularly suitable for investigating the natural history and
pathogenesis of the disease.
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Endometriosis

Adenomyosis

Surgical models

Uterine cells transplantation into
the ovarian bursal space from
donor to recipient mice

Surgical models
Mechanical puncture of uterine
horn with a fine needle

Chemical models
Intraperitoneal injections of
uterine horns stimulated with

Chemical models

Oral administration of tamoxifen
from postnatal day 2 to day 5 in
neonatal mice

estradiol benzoate from donor to
recipient mice

Biological models

-Intrauterine pituitary transplantation
-Implant of human adenomyotic
lesions into immunodeficient mice

Transgenic models
Lactotransferrin-Cre system-specific
PIK3CAH1047R activation and
ARID1A deletion in endometrial
epithelial cells

Transgenic models
Cre recombinase approach involving

stabilized B- catenin expression in
the uterus

Figure 1. lllustration representing the differences between endometriosis and
adenomyosis and related rodent models. In endometriosis, cells like the
uterine lining (endometrium) grow outside the uterus within the pelvic or
abdominal cavity, whereas in adenomyosis, these cells invade the muscular
wall of the uterus.

These models have provided important insights into inflam-
matory and immune processes, including macrophage activation
and cytokine release, that are directly relevant to nociceptor
sensitization and pain genera’(ion.8’9 Moreover, primate studies
have supported the evaluation of anti-inflammatory strategies
with potential analgesic implications, such as tumor necrosis
factor-a inhibition. '8 Despite their cost and ethical constraints,
nonhuman primate models remain valuable for understanding
pain-relevant mechanisms that are difficult to capture in rodent
systems.

In summary, each model has intrinsic limitations, underscoring
the need for integrative strategies that combine functional,
histological, and behavioral endpoints to better mirror the
multifaceted nature of endometriosis in women.

3.2. Adenomyosis

Adenomyosis is a status characterized by the infiltration of
endometrial tissue into the myometrium and is often described as
a disorder closely related to endometriosis.*® Importantly,
adenomyosis and endometriosis may co-exist in the same
patient, further complicating diagnosis and management.'®’
Similar to endometriosis, adenomyosis is frequently associated
with chronic pelvic pain, infertility, and dysmenorrhea.?®

Clinical studies indicate that approximately 70% of patients
with adenomyosis report symptoms related to pain. Regarding
dysmenorrhea, patients are almost evenly distributed across
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mild, moderate, and severe pain categories. In addition, nearly
25% of women with adenomyosis experience chronic pelvic pain,
often accompanied by dyspareunia and anorectal pain.?” Non-
steroidal anti-inflammatory drugs® and the levonorgestrel-
releasing intrauterine system'®? are currently among the most
used therapeutic options for the management of pain associated
with adenomyosis. However, despite the high clinical burden of
pain in this condition, no standardized or evidence-based clinical
guidelines are currently available for the treatment of pain
associated with adenomyosis.

3.2.1. Murine models

Little is known about the pathogenesis of adenomyosis,
a knowledge gap that complicates its diagnosis. Several
experimental strategies have been employed to model adeno-
myosis in mice, including pituitary engraftment, neonatal tamox-
ifen administration, and xenotransplantation of human tissues. In
addition, GEMMs have been established to better reproduce the
disease similar to that in humans.'®"

Early mouse models exploited the high spontaneous incidence
of adenomyosis in specific inbred strains (eg, SHN, SLN, CD-1,
SMXA, GR/A, and C3H/He). Suppression of pituitary function
reduced disease development, whereas intrauterine pituitary
transplantation induced adenomyosis, establishing the pituitary
engraftment model as a widely wused experimental
approach.71'105’108

More recently, Zhu et al. (2023) developed a neonatal mouse
model in which adenomyosis was induced through oral tamoxifen
administration from postnatal day 2 to day 5.'%* Treated mice
exhibited weight gain and increased sensitivity in the hot plate
test, indicative of hyperalgesia. Resveratrol treatment improved
generalized hyperalgesia and modulated biomarkers implicated
in adenomyosis, including HMGB1, IL-33, osteopontin, PCNA,
p-p65, RAGE, and TLR4. It also increased GADB5-expressing
neurons in the nucleus raphe magnus, suggesting enhanced
GABAergic inhibitory control, and reduced TRPV1 activity,
previously correlated with disease severity.%°

Several studies have employed xenotransplantation
approaches, implanting human adenomyotic lesions into immu-
nodeficient mice, allowing monitoring of lesion establishment,
progression, and therapeutic responses in a controlled in vivo
environment,28:76:141.163

A surgical puncture model has also been described, in which
mechanical injury to one uterine horn induces adenomyosis while
the contralateral horn serves as control.* Lesion volume
increased over time, accompanied by enhanced stromal pro-
liferation, vascularization, and fibrosis. Affected mice showed
earlier delivery and reduced litter size despite comparable
implantation numbers.®?

Although limited, studies using GEMMs have highlighted
molecular mechanisms underlying adenomyosis, particularly
aberrant B-catenin signaling. Increased B-catenin activation
disrupts uterine morphogenesis, cellular differentiation, and
tissue remodeling, promoting ectopic endometrial growth within
the myometrium.™"%42 These findings suggest that dysregula-
tion of developmental pathways contributes to disease patho-
genesis and may identify novel therapeutic targets (Fig. 1).

Overall, current experimental models have advanced un-
derstanding of uterine remodeling, lesion progression, and
pain-related mechanisms in adenomyosis, although important
limitations remain. Neonatal tamoxifen-induced models are
valuable for mechanistic studies, whereas surgical puncture
models allow longitudinal evaluation and assessment of
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reproductive outcomes. However, rodent models are limited by
fundamental reproductive differences that restrict translational
interpretation and prevent investigation of hallmark symptoms
such as menorrhagia and dysmenorrhea. Hormone-induced
models may also introduce systemic confounders. Despite these
constraints, rodent studies provide valuable evidence paralleling
human pathology, particularly in relation to impaired fertility.

3.2.2. Nonhuman primates and other species models

Spontaneous adenomyosis has been documented primarily in
nonhuman primates, particularly rhesus macaques and
baboons, with additional naturally occurring cases reported in
several nonprimate species.'®" These models offer the advan-
tage of studying disease development in a physiological hormonal
context, especially in species whose reproductive anatomy and
endocrine regulation closely resemble those of humans. In
baboons and rhesus macaques, spontaneous adenomyosis
has been described mainly through case reports and has been
associated with uterine remodeling and inflammation, even in the
absence of coexisting endometriosis.’®™'” Such processes are
highly relevant to nociceptor activation and chronic pain
generation. Beyond primates, reports of spontaneous adeno-
myosis in other species, including horses, dogs, cats, rabbits,
rats, and guinea pigs, remain sparse and largely descrip-
tive, 12:60:64.103.138 The |imited assessment of pain-related behav-
iors in these models likely reflects a lack of systematic sensory
phenotyping rather than absence of nociceptive relevance.
Overall, the scarcity of well-characterized spontaneous models
represents a significant missing point in translational pain
research and underscores the need for improved integration of
pain endpoints into studies of adenomyosis.

Overall, research on pain associated with adenomyosis
remains underdeveloped, mainly focused on generalized hyper-
algesia rather than clinically relevant pelvic pain. Although up to
one-third of women with adenomyosis remain asymptomatic,
severe and persistent chronic pelvic pain is frequently reported,
with evidence supporting a correlation between the extent of
myometrial infiltration and pain severity.'?”"?® Further refinement
and integration of preclinical models are therefore required to
improve their translational value and ensure closer alignment
between experimental findings and clinical management.

3.3. Dysmenorrhea

Dysmenorrhea is the most common gynecological condition that
refers to painful menstrual cramps occurring either before or
during menstruation. It primarily affects adolescents and young
women, significantly impacting the health and daily lives of
millions worldwide, with a reported prevalence ranging from 34%
to 94%°%77 and 2% to 29% of women experiencing severe
pain.'®* There are 2 types of dysmenorrhea: primary dysmenor-
rhea (PD) (not associated with other diseases) and secondary
dysmenorrhea (SD) (associated with conditions like endometri-
osis). 2114 Importantly, PD may be of specific interest to
preclinical and clinical research, given the mounting evidence
that it may be a risk factor for the later development of other
conditions associated with pain, both gynecological (ie, endo-
metriosis,>') or associated with pain sensitivity.”” Nonsteroidal
anti-inflammatory drugs are considered the first-line treatment for
PD, although their use is frequently limited by adverse effects,
including headache and gastrointestinal toxicity.®® Paracetamol
(acetaminophen) is also used as an analgesic option; however, its
predominant central nervous system activity and relatively weak

PAIN®

peripheral anti-inflammatory effects reduce efficacy, making it
a second-line treatment.** Hormonal therapies, including hor-
monal contraception, represent an effective option, particularly
for women not seeking pregnancy. Estrogens suppress FSH
release and prevent ovulation, while progesterone reduces
endometrial thickness and cervical mucosal proliferation, de-
creasing arachidonic acid availability for prostaglandin synthesis
and thereby reducing uterine contractions during menstrua-
tion."®! Gonadotropin-releasing hormone (GnRH) agonists rep-
resent an additional therapeutic option, inhibiting LH and FSH
secretion and suppressing estrogen production; these agents are
generally reserved for cases refractory to nonsteroidal anti-
inflammatory drugs and hormonal therapies.’

3.3.1. Mechanistic basis and rodent models of primary
dysmenorrhea

Owing to their short and regular estrous cycles, rodents are the
most used models for studying dysmenorrhea. Primary dysmen-
orrhea is often accompanied by additional symptoms, including
lower abdominal pain, sweating, and fatigue.®® Much evidence
indicates that excessive PG production during menstruation is
the main driver of PD.?* PGF2a induces vasospasm and
hypercontractility of uterine smooth muscle, leading to uterine
ischemia, hypoxia, and ultimately lower abdominal cramps. To
investigate PD, researchers commonly employ in vivo models
based on oxytocin-induced uterine contractions, particularly in
mice. In uterine smooth muscle cells, oxytocin binds to oxytocin
receptors (OTRs), enhancing contractile activity. '® Oxytocin also
induces the release of PGF2a from endometrial cells, which
activates the PG receptor and increases the synthesis of OTR
within the uterus. "6 All these cellular events lead to an increase in
intracellular calcium [Ca®*], which triggers excessive uterine
contractions and underlies the pathophysiology of dysmenor-
rhea.®®""® The general experimental procedure described by
several authors involves monitoring the estrous cycle of non-
pregnant female mice of different strains®® ' for approximately
16 days (4 cycles). Mice are then pretreated (i.p.) with estradiol
benzoate for at least 3 consecutive days to sensitize the uterus,
since estrogen promotes OTR overexpression and increases
uterine responsiveness to oxytocin.'** 57 Subsequently, oxyto-
cin is administered (i.p.) to induce abdominal contractions,
commonly referred to as writhing, which is associated with pain
behaviors.?®'®” These behaviors typically consist of pelvic
rotation followed by hind limb stretching and abdominal wall
contractions. Pain intensity was scored from 0 to 3, where O refers
to normal body position and behaviors; 1 refers to body leaning to
the left or right; 2 refers to stretching of the hind limbs and
dorsiflexion of the hind paws, with the body stretched and flat on
the bottom and the pelvis rotated sideward; and 3 refers to
abdominal muscle contraction followed by body stretching and
hind limb extension. '®°'%” This animal model reproduces several
features of human PD, including reduced myometrial area,
diminished arterial blood flow, increased OTR expression, and
elevated PGF2a levels, and is widely applied to evaluate the
analgesic effects of drugs and herbal medicines.’'? Moreover, it
offers advantages such as simplicity, cost-effectiveness, and
avoidance of surgical trauma or infection risks'®® (Fig. 2).

3.3.2. Secondary dysmenorrhea models

Owing to the complexity and incomplete understanding of its
chemical process, SD has a far smaller animal model than PD.
Three prevalent primary diseases of SD are known to exist:
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Dysmenorrhea

Chemical models

-Primary dysmenorrhea:
uterine contractions caused by
oxytocin injection following
pretreatment with estradiol
benzoate

- Secondary dysmenorrhea:
injection of LPS or E. coli or
S.aureus into the uterus

Figure 2. lllustration representing the pain associated with menstrual bleeding
(dysmenorrhea) and related rodent models. LPS, lipopolysaccharide.

endometriosis, adenomyosis (whose models have been pre-
viously described) and endometritis.’** Secondary dysmenor-
rhea induced by endometritis is generally obtained by the
injection of lipopolysaccharide into the uterine cavity.'*162
Another approach to induce endometritis is the injection of
bacteria, such as E. col® or Staphylococcus aureus®'® into
the uterus. Murine uteri are generally collected 24 hours after
endometritis induction for further analysis (Fig. 2).

Overall, while animal models of dysmenorrhea, particularly
those mimicking PD, have provided important insights into the
underlying mechanisms and facilitated the evaluation of novel
therapies, modeling SD remains more challenging due to its
multifactorial and disease-specific etiology. In both PD and SD
models, pain is typically assessed through behavioral endpoints
such as writhing responses, abdominal contractions, and altered
locomotor activity, which reflect visceral pain states and allow
a comprehensive evaluation of dysmenorrhea-associated pain.
Nevertheless, the development of refined and standardized
models that better recapitulate the complexity of human SD
and integrate multidimensional pain assessment is crucial. Such
advancements will not only deepen our understanding of the
pathophysiology of dysmenorrhea but also accelerate the
discovery of more effective and targeted treatments to improve
the quality of life for affected women.

3.4. Vulvodynia

Vulvodynia is a complex condition characterized by chronic pain
or discomfort in the vulva, lasting at least 3 months without
underlying identifiable causes. It is currently classified according
to pain distribution as either generalized, involving the entire vulva
(generalized vulvodynia), or localized, affecting specific regions
such as the clitoris (clitorodynia) or the vaginal vestibule
(vestibulodynia).'2® It can be present during sexual or nonsexual
situations and occurs in around 10% of women of all ages.'® The
etiology of vulvodynia has not yet been fully elucidated. Proposed
contributing factors include alterations in nociceptive signaling
due to nerve damage or irritation along the vulva-spinal cord axis,
an increased density and heightened excitability of vulvar sensory
fibers, local inflammatory processes characterized by elevated
cytokine production, atypical sensitivity to external stimuli,
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inherited susceptibility, and dysfunction of the pelvic floor
musculature, such as impaired tone, involuntary contractions,
or instability.2%-°%145 Management of vulvodynia requires a mul-
tidisciplinary, patient-centered approach that prioritizes recogni-
tion and validation of the patient’'s pain. Treatment typically
integrates vulvar self-care strategies, pharmacological neuro-
modulation with low-dose oral agents (such as tricyclic anti-
depressants, serotonin and norepinephrine reuptake inhibitors,
and anticonvulsants), and topical compounded therapies applied
directly to the vulva, provided they are free of allergens.5":122:1%6
Pelvic floor focused on women’s health physical therapy
represents a key component of care, addressing muscle
weakness, spasm, and dysfunction through targeted exercises
and manual techniques. Adjunctive interventions, including nerve
blocks, psychological and mindfulness-based therapies, neuro-
stimulation, and, in selected refractory cases of vulvodynia,
surgical approaches, may further contribute to symptom control
and functional recovery.”7®

3.4.1. Inflammatory and infection-driven models of
vulvodynia

The first preclinical models of vulvodynia were established by
Farmer et al. in 2011,%” demonstrating that vulvar mechanical
allodynia could be induced in mice through repeated infection
with Chlamydlia albicans or localized injection of zymosan, a yeast
cell wall component that triggers inflammation. These comple-
mentary paradigms, infection-based and inflammation-based,
produced durable vulvar hypersensitivity that persisted after
resolution of the initial trigger, closely resembling provoked
vulvodynia in women. Affected mice also displayed vulvar
hyperinnervation, a hallmark feature observed in patients,
strengthening the translational relevance of the model. This work
provided the first experimental evidence that infection- or
inflamsmation-induced peripheral changes can lead to persistent
vulvar pain, establishing a robust platform for mechanistic and
therapeutic studies.®’

Subsequent studies using repeated vulvar zymosan adminis-
tration further investigated inflammatory mechanisms, highlight-
ing the role of the nerve growth factor (NGF) pathway.'® Nerve
growth factor release following mast cell accumulation, together
with pro-inflammatory cytokines and neuropeptides such as IL-
1B, CGRP, and IL-6, was associated with increased transcription
of TRP channels (TRPV1, TRPA1) and sodium (Na*) channels.
Pharmacological blockade of NGF signaling prevented vulvar
pain development and reduced TRPV1 and TRPA1 expression,
supporting NGF as a key mediator of inflammation-driven vulvar
allodynia and a potential therapeutic target.

Another model employed female mice injected with complete
Freund’s adjuvant (CFA) at the distal level of the uterus.'®®
Although behavioral changes were limited, CFA induced local
inflaonmation, macrophage infiltration, vascular proliferation, and
vaginal hyperinnervation. Castro et al.?? demonstrated that
clodronate-mediated macrophage depletion prevented vestibu-
lar hypersensitivity, while Chakrabarty et al.>® showed that CFA
injection in rats increased vestibular mechanical sensitivity and
that blockade of angiotensin Il receptor type 2 (AT2R) or inhibition
of renin-angiotensin system (RAS) proteases prevented sensory
nerve growth and hyperinnervation, indicating a key role for local
inflammatory RAS signaling.

Histopathological observations have also guided model de-
velopment. Vestibular biopsies from patients consistently show
mast cell accumulation and hyperinnervation.'®%° Based on
these findings, Landry et al. (2017) developed an oxazolone-
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induced model in mice that reproduced increased vestibular
innervation and mast cell infiltration. This inflammatory environ-
mentincreased histamine levels and upregulated Ngf and Cadm
expression, suggesting early molecular changes driving aberrant
innervation and mechanical hypersensitivity®® (Fig. 3).

Collectively, these models have provided important insights
into vulvodynia pathophysiology, emphasizing the roles of
infection, inflammation, mast cell activation, neuro-immune
signaling, and aberrant innervation in persistent vulvar pain.
Although each model captures distinct aspects of the disorder,
they consistently highlight immune-neuronal interactions and
growth factor signaling, particularly NGF, as central mechanisms
driving chronic pain. These experimental platforms also identify
potential therapeutic targets, including mast cells, NGF, TRP
channels, and the RAS, supporting the development of more
effective treatment strategies for vulvodynia.

3.5. Uterine leiomyomas

Uterine leiomyomas, commonly referred to as myomas or
fibroids, are the most frequent pelvic tumors in women, affecting
70%-80% during reproductive years.'"® Although up to 70% of
fibroids are asymptomatic and require neither treatment nor
routine follow-up, " a substantial proportion of patients develop
clinically significant symptoms. Depending on size, number, and
location, symptomatic leiomyomas may cause pelvic pressure,
abdominal or back pain, bloating, abnormal uterine bleeding,
dysmenorrhea, urinary and bowel dysfunction, sexual dysfunc-
tion, infertility, and adverse obstetric outcomes such as preterm
labor, malpresentation, and fetal growth restriction. Pain repre-
sents one of the most prevalent and disabling manifestations,
including chronic pelvic pain and pain related to mass effect or
inflammation, and significantly contributes to emotional distress,
depression, and reduced quality of life.%%'3” Despite its clinical

Vulvodynia

Chemical models
-Vulvovaginal inoculations of
C.albicans

-Recurrent vulvar zymosan
administration

-CFA injections at the distal level
of the uterus

- Repeated oxazolone
administration

Figure 3. llustration representing vulvodynia-related vulvar pain in women and
related rodent models. CFA, complete Freund’s adjuvant.
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relevance, the biological mechanisms underlying fibroid-
associated pain remain poorly defined, and pain relief is often
incomplete with current treatments. Management strategies
include surgical, radiological, and medical approaches primarily
aimed at reducing tumor volume and controlling bleeding, with
pain relief often considered secondary. Minimally invasive
procedures such as laparoscopic cryomyolysis and thermocoa-
gulation reduce fibroid volume by disrupting blood supply through
thermal injury.?> Among nonsurgical options, uterine artery
embolization induces fibroid ischemia and degeneration, improv-
ing bleeding and pressure-related symptoms,'®® although it is
associated with higher rates of minor complications, re-
intervention, and uncertain effects on fertility. MRI-guided
focused ultrasound surgery (MRgFUS) offers a noninvasive
alternative allowing precise thermal ablation under imaging
guidance, but its use is limited by strict eligibility criteria, high
costs, and retreatment rates."'® Medical therapies are mainly
adjunctive or temporary. GnRH agonists reduce fibroid size and
vascularization but are limited by adverse effects with long-term
use.*® Tranexamic acid may reduce menstrual bleeding but
shows inconsistent benefit in fibroid-associated menorrhagia,'*”
while selective estrogen receptor modulators and vitamin D
supplementation show potential biological effects despite limited
clinical evidence.™'” Overall, management should be individual-
ized according to symptom severity, particularly pain, reproduc-
tive plans, and long-term risks. However, the absence of
therapies specifically targeting fibroid-associated pain highlights
an important unmet clinical need.

3.5.1. Preclinical models of fibroid development and growth

Despite the high prevalence and clinical impact of uterine fibroids,
their etiology and pathophysiology remain incompletely un-
derstood, partly due to the limited availability of reliable in vivo
models. Over the past 3 decades, several rodent models have
been developed to investigate fibroid biology, some providing
insight into mechanisms potentially underlying fibroid-associated
pain. Chemically induced models in mice rely on repeated
administration of estradiol benzoate combined with progester-
one, promoting myometrial hyperplasia, extracellular matrix
deposition, and fibroid-like lesions characterized by increased
uterine thickness and collagen content.”® These models are
inexpensive and reproducible, but they lack of the genetic and
molecular alterations that drive human leiomyomas.

Biologically induced models are based on xenotransplantation
of human leiomyoma tissue or cells into immunodeficient mice.
Hassan et al. (2008) established a xenograft model in SCID mice
through subcutaneous implantation of human fibroid fragments
with estrogen supplementation, demonstrating improved graft
survival associated with COX-2 and VEGF overexpression.”® The
grafts retained proliferation, apoptosis indices, smooth muscle
markers, and steroid receptor expression comparable to human
tissue. Fritsch et al. (2015) further refined this model by optimizing
estradiol and progesterone supplementation in ovariectomized
SCID mice, generating xenografts that preserved histological and
molecular features and remained responsive to medical therapies
Ishikawa et al. (2010) demonstrated that progesterone, rather
than estrogen alone, drives leiomyoma growth,”® a finding later
confirmed by Drosch et al. (2013), who showed that uncultured
primary human fibroid cells could generate orthotopic tumors
following intrauterine injection in hormone-supplemented SCID/
beige mice.%' This approach produced stable xenografts closely
resembling primary human leiomyomas and may better reflect
disease pathogenesis.
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More recently, Suzuki et al. (2018) introduced a simplified
xenograft model in BALB/c nude mice, where subcutaneous
implantation of human fibroid tissue with estrogen/progesterone
pellets eliminated the need for Matrigel or specialized housing.*°
Although xenograft models preserve many human features and
are valuable for therapeutic testing, they depend on surgical
specimens, produce relatively small grafts, and lack interaction
with the uterine microenvironment.

Genetic models include the Eker rat, carrying a germline
mutation in the Tsc2 gene and spontaneously developing
leiomyomas in 40%-70% of female rats by 14 months.>* These
tumors share molecular and receptor profiles with human
fibroids, although atypical epithelioid tumors may also occur.
Another model is the CaBP9K transgenic mouse developed by
Romagnolo et al. (1996), in which SV40 Tag expression under an
estrogen-responsive promoter induces estrogen-dependent
leiomyomas with high penetrance. 2 Tumor growth ceases after
ovariectomy or estrogen withdrawal, although unrelated con-
ditions such as lung adenocarcinoma and polycystic kidney
disease limit lifespan (Fig. 4).

Overall, chemically induced models are inexpensive and useful
for drug testing, xenograft models closely mimic human fibroid
biology and are valuable for translational research, and genetic
models provide mechanistic insight into hormone-driven tumor-
igenesis, although each system presents limitations that prevent
complete replication of the human condition. Importantly, these
models also provide opportunities to explore the mechanisms of
pain associated with fibroid, a poorly understood but clinically
relevant symptom domain.

Uterine
Leiomyomas

Intraligamentary

N

Intramural

Biological models
-Subcutaneous implant of human
fibroid fragments with estrogen
supplementation in
immunodeficient mice
-Intrauterine injections of
uncultured primary human
fibroid cells

Transgenic models
-Spontaneous leiomyomas in
Tsc2 mutated mice

-CaBP9K transgenic mice

Figure 4. lllustration of uterine leiomyomas (fibroids) showing their typical
locations within the uterus, including submucosal, intramural, subserous, and
intraligamentary sites. Related rodent models are also reported.
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Nonrodent models of uterine leiomyoma include species such
as guinea pigs, potbellied pigs, and aging hens, each offering
unique advantages for translational research. Guinea pigs
spontaneously develop leiomyomas in up to 8% of female guinea
pigs by 4 years of age, and continuous estrogen exposure
induces tumors resembling human fibroids histologically and
immunohistochemically.®’ Potbellied pigs also show a high
incidence of spontaneous uterine fibroids, with similar gross
and microscopic features to those in women, making them
particularly relevant due to comparable hormonal cycles and
tumor biology.'®” Leiomyomas of the ventral ligament of the
oviduct occur spontaneously in domestic fowl, with a prevalence
ranging from 0% to 60%, depending on the line and breed.”
Similar to human leiomyomas, chicken fibroids exhibit increased
expression of B-cell lymphoma 2 as well as estrogen and
progesterone receptors.®® In addition, spontaneously occurring
uterine leiomyomata have been documented in several primate
species, including Old World monkeys, New World monkeys,
apes, and prosimians.3%:3385:98.139 Together, these models
complement rodent systems by providing larger anatomical
scale, hormonal cyclicity, and spontaneous tumor development,
making them an excellent complementary model for investigating
the pathophysiology of human uterine leiomyomas.

3.6. Pelvic inflammatory disease

The female upper reproductive tract (comprising the endometrium,
fallopian tubes, ovaries, and pelvic peritoneum) is frequently
affected by infections that may trigger inflammation and lead to
PID.®2 Current theoretical frameworks suggest that pathogens can
ascend from the cervix or vagina to the endometrium, fallopian
tubes, or adjacent structures, causing chronic inflammation, tissue
injury, pelvic pain, adhesions, and fertility complications, including
increased risk of ectopic pregnancy and infertility.%° Pelvic
inflammatory disease may result from repeated acute or subclinical
insults to the adnexa or from untreated infections, most often
secondary to Chlamydia trachomatis or Neisseria gonorrhoeae.
The diagnostic process is complicated by the frequent absence of
specific symptoms, since PID may present with subtle or even
asymptomatic courses. When symptomatic, it typically manifests
as dyspareunia, dysuria, abnormal vaginal discharge or bleeding,
and pelvic or lower abdominal pain, a constellation of nonspecific
features that makes diagnosis challenging.®®

As definitive diagnostic criteria for PID are often lacking, a low
threshold for empiric treatment is recommended to prevent
complications. Management should be guided by disease
severity, local antimicrobial resistance patterns, and drug
availability."®® Mild to moderate PID can generally be managed
in the outpatient setting with oral antibiotic therapy, while severe
cases require inpatient treatment. Recommended outpatient
regimens typically include a single dose of ceftriaxone (i.m.)
combined with oral doxycycline and metronidazole, or alternative
fluoroquinolone-based regimens where appropriate. '?° Inpatient
management commonly involves intravenous ceftriaxone with
doxycycline or a combination of clindamycin and gentamicin,
followed by oral therapy to complete treatment. Alternative
regimens may be used when first-line options are unavailable,
although supporting evidence is less robust. All therapeutic
approaches should provide coverage against N. gonorrhoeae, C.
trachomatis, and anaerobic bacteria. Metronidazole is included
to enhance anaerobic coverage, particularly in severe disease,
but may be omitted in mild cases if poorly tolerated. In women
with confirmed Mycoplasma genitalium infection, moxifloxacin is
the treatment of choice. '*
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3.6.1. Infection- and inflammation-based models of pelvic
inflammatory disease

Rodent models of PID generally follow 2 strategies: (1) direct
introduction of bacteria into the reproductive tract, or (2) induction
of inflammatory responses that mimic PID-associated pathology.
Fan et al. developed an acute PID model by mechanically
exposing the rat endometrium with a needle and injecting
a mixture of bacteria (eg, E. coli, S. aureus) into both uterine
horns.®® Building on this approach, Wei et al. introduced
Mycoplasma urealyticum in combination with these bacteria,
further recapitulating polymicrobial infection.'*® To better mimic
chronic infections, Islam et al.”® established a murine model in
which N gonorrhoeae (strain MS11) was inoculated transcervi-
cally into the uterine horns, allowing infection for 6 to 18 hours. In
addition, nonsurgical approaches have been proposed: Oh et al.
demonstrated that a single intracervical administration of hydro-
chloric acid (HCI) followed by 4 applications of lipopolysaccharide
in female mice was sufficient to induce PID without causing acute
systemic toxicity. Inflammation in this model was confirmed by
elevated uterine expression of pro-inflammatory cytokines,
including IL-1B, IL-6, and tumor necrosis factor-a''" (Fig. 5).

Pelvic inflammatory disease in nonhuman primates has been
extensively used as a translational model to study human
reproductive tract infections, particularly those caused by C
trachomatis. Experimental inoculation in nonhuman primates
reproduces hallmark features of human PID, including cervicitis,
endometritis, salpingitis, and tubal scarring, and has been
instrumental in fulfiling Koch’s postulates for C trachomatis-
induced PID."™ Among nonhuman primates, the pigtailed
macaque and the olive baboon are especially valuable due to
their reproductive tract anatomy and menstrual physiology, which
closely mirror those of women. These models have provided
crucial insights into the mechanisms of ascending infection,''®
the host immune response, '€ and the development of protective
immunity.'®> Moreover, they have been used to evaluate
antibiotic efficacy’'® and to test preventive interventions such
as topical microbicides and vaccines.''®

Altogether, these animal models provide complementary
approaches to investigate how infection-driven inflammation
leads to chronic tissue damage, infertility, and pelvic pain. By
recapitulating key features of human disease, including

Pelvic Inflammatory disease
Healthy Tissue | Inflammed Tissue

Chemical models
LPS applications after HC|

intracervical administration

I
Biological models
Injections of bacterial mixture
(Mycoplasma urealyticum

or Neisseria gonorrhoeae)
into uterine horns

Figure 5. lllustration of pelvic inflammatory diseases and related rodent
models are also reported. LPS, lipopolysaccharide; HCI, hydrochloric acid.
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inflammatory cytokine release and nerve sensitization, they
represent valuable platforms to dissect the mechanisms un-
derlying pain generation in PID and to evaluate novel preventive
and therapeutic strategies.

4. Discussion

Chronic pain affects nearly 20% of the adult population and
represents a major unmet medical need.'*® Women are
disproportionately affected, with higher prevalence and
severity compared with men, particularly in female-specific
disorders such as those reviewed in this study.®® Despite
extensive investigation, the biological bases underlying sex-
related differences in pain perception and persistence remain
not completely understood and continue to challenge both
preclinical and clinical research. The conditions discussed in
this review, ranging from endometriosis, adenomyosis, dys-
menorrhea, vulvodynia, uterine leiomyomas, and pelvic in-
flammatory disease, are not only highly prevalent but also exert
profound and long-lasting effects on reproductive health,
psychological well-being, and overall quality of life. Impor-
tantly, current diagnostic tools and therapeutic strategies often
fail to adequately address pain associated with these
diseases, underscoring a critical need for mechanism-based
approaches tailored to women.

Animal models have been used for dissecting the mechanisms
underlying female-specific pelvic pain. They have been imple-
mented in several experimental setups to study pain conditions,
such as neuropathic pain, cancer-related pain, migraine, and
inflammatory pain.>**392 Thus, they provide essential platforms
for investigating neuroimmune and hormonal pathways, validat-
ing potential therapeutic targets.

The animal models reviewed in this article reveal a striking
convergence of mechanisms across clinically distinct pelvic
disorders. Independent of the initiating pathology, most models
engage shared biological processes that shape pain persistence
and severity, providing a unifying framework to explain the
overlapping and heterogeneous pain phenotypes observed in
patients.

Among these convergent mechanisms, peripheral nociceptor
sensitization emerges as a central driver of pelvic pain. In-
flammatory mediators such as PGs, growth factors, and
complement components released within diseased pelvic tissues
enhance the excitability of sensory afferents innervating the
viscera and surrounding structures, frequently through modula-
tion of ion channels including TRPV1, TRPA1, and voltage-gated
Na™ channels. These findings closely mirror clinical observations
in which pain severity often poorly correlates with lesion burden or
structural pathology.®14%:155

Neuroimmune crosstalk, involving macrophages, mast cells,
and lymphocytes interacting bidirectionally with sensory neurons
and dlial cells, represents another shared feature across
diseases. Several models demonstrate that immune-driven
sensitization can persist beyond resolution of the initial insult,
providing a mechanistic explanation for chronic pain states that
outlast active inflammation or surgical lesion removal.'-%8143
This neuroimmune amplification offers insight into why pelvic pain
frequently becomes chronic and treatment resistant.

Hormonal modulation further contributes to the complexity of
female pelvic pain, as estrogens and progesterone influence
immune responses, nociceptor excitability, and synaptic plastic-
ity, dynamically shaping pain vulnerability across the reproductive
lifespan. Experimental manipulation of hormonal status markedly
alters pain outcomes, reflecting clinical observations of cyclical
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Common rodent preclinical models for the study of painful female disorders.
Sex/strain

Disease Model Pain endpoints/readouts

Endometriosis”*

Surgical

Uterine cells transplantation into the ovarian
bursal space from donor to recipient from donor to
recipient mice

QC57BL/6N1 mice

Not evaluated

Endometriosis®* Surgical Q@Sprague-Dawley rats Not evaluated
Ovarian endometrioma; i.p. endometriosis;
extraperitoneal endometriosis
Endometriosis®® 43 Chemical QC57BL/6 mice Abdominal mechanical hyperalgesia (von Frey
i.p. injections of uterine horns stimulated with filaments); hind paw heat hyperalgesia (paw
estradiol benzoate from donor to recipient mice withdrawal, flinching/licking)®®'4%
Periorbital mechanical allodynia (von Frey filaments)
143
Endometriosis'®! Transgenic QCD-1 mice Abdominal distension, signs of severe illness
Lactotransferrin-Cre (LtfCre) system-specific (dehydration, hunching, jaundice, ruffled fur, signs
PIK3CAH1047R activation and ARID1A deletion in of infection or nonresponsiveness)
endometrial epithelial cells
Adenomyosis® Surgical QBALB/c mice® Not evaluated
Mechanical puncture of uterine horn with a fine
needle
Adenomyosis'® Chemical Qneonatal ICR mice Hind paw heat hyperalgesia
Oral administration of tamoxifen from postnatal
day 2 to day 5
Adenomyosis'108 Biological Q(SLNXC3H/He)F1mice'® Not evaluated
Pituitary engraftment model induced by QC57BL/6 mice'®
intrauterine pituitary transplantation
Adenomyosis®®76141:163 Biglogical QNOD-SCID mice,?®7® Not evaluated?® 76141

Implant of human adenomyotic lesions into
immunodeficient mice

Qnude mice,™!

QBALB-c nu/nu mice'®®

Hind paw heat hyperalgesia formalin tests,
spontaneous or evoked responses (licking flicking
hind paws, jolting or jumping off the hot plate)'®®

Adenomyosis' %142

Transgenic
Cre recombinase approach involving stabilized
[3-catenin expression in the uterus

Q@PR-Cre mice crossed with

Ctnnb 79+ mice™®
Q aﬂ/wfmﬂwmfmiceMZ

Not evaluated' 42

Dysmenorrhea®®®% 193157 Chemical QSwiss mice®’ Abdominal writhing by oxytocin (contractions of the
Primary dysmenorrhea induced by uterine Q/gSwiss mice'®” abdominal wall, pelvic rotation, followed by extensor
contractions caused by oxytocin injection (i.p.) @ Sprague-Dawley rats®®'%® posterior limbs) (80. Yang, 2015 #14) or abdominal
following pretreatment with estradiol benzoate (i.p.) QICR mice'® writhing by acetic acid and oxytocin (i.p.)>*'5
Dysmenorrhea' #6%97:199.162 " Ghamical QKunming mice,”"'62 Not evaluated

Secondary dysmenorrhea induced by injecting
into the uterus: LPS' %% £ coi® S, aureus’®

QC57BL/6 mice'*62
QBALB-c mice'®®

Vulvodynia®” Chemical Q@CD-1 mice Mechanical sensitivity (von Frey filaments applied to
Vulvovaginal inoculations of C albicans the vulva)
Vulvodynia10 Chemical Q@Sprague-Dawley rats Mechanical sensitivity (von Frey filaments applied to
Vulvar zymosan administration the vulva)
Heat sensitivity (hot plate chamber paw/vulva
lickings, jumping, earing)
Vulvodynia®22%133 Chemical QC57BL/6 mice?>!® Not evaluated'®3
CFA injections at the distal level of the uterus'®  QSprague-Dawley rats®® Visceromotor response to vaginal distension
or into the posterior perivaginal vestibular tissue (abdominal muscle contraction by recording the
(s.c)%2% electrical activity)?
Perivaginal mechanical sensitivity (Von Frey test)®®
Vulvodynia®® Chemical Q@ND4 Swiss mice Tactile sensitivity in the ano-genital ridge of mice

Repeated oxazolone administration

(Von Frey test)

Uterine leiomyomas®> 73

Biological
Subcutaneous implant of human fibroid
fragments with estrogen supplementation

QSCID/SCID CB177°
@ SCID mice®

Not evaluated

Uterine leiomyomas®"'4°

Biological
Orthotopic tumors obtained by intrauterine
injections of uncultured primary human fibroid cells

QSCID/beige mice®
QBALB/c nude mice'*

Not evaluated

(continued on next page)
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Table 1 (continued)

Disease Model

Sex/strain

Pain endpoints/readouts

Uterine leiomyomas®* Transgenic
Spontaneous leiomyomas due to a germline

mutation in the 7sc2gene

QLong-Evans rats®

Not evaluated

3

Uterine leiomyomas'? Transgenic

CaBP9K transgenic mice

Q CaBPIK transgenic mice'?

Not evaluated

Chemical
LPS applications after HCI intracervical
administration' "

Pelvic inflammatory
disease'""

Q@C57BL/6J mice

Not evaluated

Pelvic inflammatory
disease’® 49

Biological

Mycoplasma urealyticunm*

gonorrhoead®

or Neisseria

Q@Sprague-Dawley rats
Injections of bacterial mixture into uterine horns:  QFVB mice”®

s Not evaluated

CFA, complete Freund’s adjuvant; HCI, hydrochloric acid; i.p., intraperitoneal; s.c, subcutaneous; LPS, lipopolysaccharide.

pain fluctuations and increased susceptibility during specific
hormonal states, 5448181

Finally, maladaptive peripheral plasticity, including altered
function of peripheral glial cells such as Schwann cells,
consistently emerges as key drivers of pain across models.'*®
These changes promote long-lasting alterations in sensory
processing, lowering pain thresholds and facilitating referred
and widespread pain, features commonly reported by patients
with pelvic pain disorders and frequently accompanied by
comorbid nonpelvic pain conditions.

Together, these convergent mechanisms provide a biological
framework explaining hallmark clinical features of women’s pelvic
pain disorders, including heterogeneous pain phenotypes, poor
correlation between lesion burden and pain severity, and frequent
comorbidity with nonpelvic pain conditions. By systematically
summarizing rodent models for each condition (Table 1), this
review highlights both strengths and limitations, particularly
regarding pain modelling and measurement. Although current
models effectively reproduce lesion biology and inflammation,
pain phenotyping remains heterogeneous and often incomplete.
Most experimental models described in this review reproduce
peripheral pelvic pathology, including inflammation, tissue
remodeling, and neuroimmune interactions that initiate pain in
female pelvic disorders. However, central sensitization also plays
a key role in chronic pain persistence, involving altered brain
sensory processing, impaired descending inhibition, and en-
hanced facilitatory pathways.?'°*1%* Neuroimaging and clinical
studies show structural and functional changes in pain-related
regions such as the insula, thalamus, and periaqueductal gray in
women with chronic pelvic pain, including endometriosis and
dysmenorrhea.2"'%12% |mportantly, these central alterations
may persist even after resolution of peripheral pathology,
contributing to the mismatch between disease burden and pain
severity. Integrating peripheral models with approaches address-
ing central pain processing will therefore be essential to better
understand pelvic pain mechanisms in women. Future studies
should move beyond single evoked hypersensitivity measures
and incorporate multidimensional assessments encompassing
sensory-discriminative, affective-motivational, and functional
domains, aligning more closely with clinical pain phenotyping.
Refinement and standardization of outcomes capturing sponta-
neous pain, referred pain, and long-term sensory plasticity will be
essential to improve translational relevance. Ultimately, advanc-
ing preclinical research on women’s pain disorders through
integrative, pain-centered experimental strategies will be crucial

to improve mechanistic understanding and guide the develop-
ment of more effective diagnostic tools and therapies, with the
goal of enhancing women’s health and quality of life.
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