1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Pain. Author manuscript; available in PMC 2017 August 23.

-, HHS Public Access
«

Published in final edited form as:
Pain. 2014 September ; 155(9): 1696-1701. doi:10.1016/j.pain.2014.05.010.

Vulvodynia: Current state of the biological science

Ursula Wesselmann&b, Adrienne Bonham€, and David Foster®”
aDepartment of Anesthesiology/Division of Pain Management, University of Alabama at
Birmingham School of Medicine, Birmingham, AL, USA

bDepartment of Neurology, University of Alabama at Birmingham School of Medicine,
Birmingham, AL, USA

¢Department of Obstetrics and Gynecology, University of Rochester School of Medicine and
Dentistry, Rochester, NY, USA

1. Introduction

The International Society for the Study of Vulvovaginal Disease (ISSVD) defines
vulvodynia as chronic vulvar pain without visible dermatosis [44]. An estimated 10% to
15% of women will meet the diagnostic criteria at some time in their lives [31]. Two major
vulvodynia categories have been defined by the ISSVD: “localized” and “generalized”
subtypes. Displayed in Fig. 1A, localized provoked vulvodynia (LPV) presents with a
characteristic pattern of mechanical allodynia localized to the vulvar vestibule, whereas
generalized vulvodynia (GVD) shows a more diffuse pain pattern involving part or all of the
pudendal nerve distribution and beyond. A number of researchers suspect that LPV and
GVD may represent a continuum of the same condition rather than 2 distinct clinical
entities. Clinically 2 subgroups of patients with LPV have been described: those with
primary LPV, defined as dyspareunia from the first attempt of sexual intercourse; and those
with secondary LPV, in which dyspareunia appears after a period of pain-free sexual
intercourse.

Vulvodynia often occurs in the context of other comorbid pain conditions [1,11,50], with
irritable bowel syndrome and fibromyalgia being the most prevalent. These clinical
observations and epidemiological studies highlight the heterogeneity of vulvar pain
syndromes, suggesting different peripheral and central neurophysiological mechanisms
relevant to the grouping with different comorbid pain conditions. As our understanding of
vulvodynia evolves beyond the rudimentary classification of LPV, GVD, and primary and
secondary types, nomenclature will be based on a clearer understanding of disease
phenotype with improved diagnostic reliability and better-defined disease models.

This review will focus on progress in vulvodynia basic research. Because LPV is the more
common subtype and has had a greater research emphasis, this review will reflect that focus.
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In addition to allodynia to light touch of the vulvar vestibule, a number of psychophysiologic
events have been recognized to occur concurrently and to varying degrees in afflicted
individuals, these include:

. Pro-inflammatory cell migration to the vulvar vestibule [10,12,13,37].
. Local production and release of pro-inflammatory, pain-inducing substances
[9,20].

. Regional hyperinnervation of C fibers [8,58,59,64].
. Regional lowering thresholds to varied stimuli [7,48,53,66].

. Development of central sensitization [19,28,32,47,65].

. Autonomic dysfunction, ie, postural hypotension [19,32].

. Manifestation of somatization, depression, anxiety, and hypervigilance
[41,47,54].

. Superimposed pelvic floor muscle hypercontractility resulting in introital

narrowing and muscle pain [23,24,29,30].
. Sexual dysfunction [3,42,54,60].

2. Genetics of vulvodynia

Several studies suggest a genetic predisposition to the development of LPV, potentially
based on 3 mechanisms:

. an influence on the risks of recurrent vulvovaginal candidiasis (RVVC),
. an altered inflammatory response,
. an increased sensitivity to pain.

Vulvovaginal infections are frequently identified as the inciting event for the development of
LPV. It has been postulated that an inability to clear these infections and the subsequent
inflammation produced may lead to the development of this condition. Both mannose-
binding lectin (MBL) and NALP3 inflammosome are associated with defense against
Candida species, and the genes that code for each are polymorphic. Women with RvVC
have a higher MBL variant allele frequency than do controls [2]. Possession of homozygous
variant alleles for NALP3 is more common in women with LPV associated with RVVC than
in women without LPV or in women with LPV who have no history of RVVCs [38]. Genetic
polymorphisms have been linked to alterations in the function of interleukin (IL)-1p and
IL-1 receptor antagonist, and their variant alleles, which have been associated with an
increased and prolonged inflammatory response, are found more commonly in women with
LPV [26]. Melanocortin-1 receptor (MC1R), when bound to melanocyte-stimulating
hormone, has anti-inflammatory effects, and the presence of loss-of-function mutations of
this gene is seen more commonly in women with LPV. The combination of a loss-of-
function mutation in the MC1R gene with the variant allele of the IL-1p receptor antagonist
gene leads to additive risks [18]. Polymorphisms of guanosine triphosphate cyclohydrolase
(GCHL1) have been associated with overall increased pain sensitivity and a susceptibility to
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several long-standing pain conditions; however, no increase in this polymorphism has been
noted in women with LPV [35].

Although not yet found in vulvodynia research, genetic research of other conditions is
rapidly moving from analysis of single “candidate” gene research to genome-wide
association studies. This has been motivated by several observations, including the
following:

. “Candidate” gene allele frequency commonly is low.

. The inverse relationship between allele frequency and effect size is a biologic
reality.

. The chance of finding the candidate gene for vulvodynia is extremely remote.

3. Neuroinflammatory hypothesis

Hypothetically, regional changes in the biochemical milieu via changes in cytokine,
neurokine, chemokine, or prostanoid signaling could alter ion channel activity of the
peripheral pre- terminal axon. This could lead to a lowering of mechanical, thermal, or
chemical threshold in the primary nociceptors. Vulvodynia-affected mucosa demonstrates
various degrees of alterations in neurokines, cytokines, and neural responsiveness. As a
result, vulvodynia has been proposed by some to have a neuro-inflammatory pathogenesis,
similar to other chronic pain conditions [45]. Studying vulvodynia histology, several groups
report mast cell-predominant inflammation [10,13,37]; another group reports inflammation
without mast cell predominance [12]; and others report a total absence of inflammatory cell
infiltration [33,39]. Assays for pro-inflammatory cytokines/neurokines report similar
inconsistent results, with some studies reporting an increase in vulvovaginal
proinflammatory cytokines [20], increased vulvovaginal neurokine CGRP [9], and increased
systemic IL1-RA to post-heat shock protein provocation [25].

How and why inflammatory pain localizes to the vulvar vestibule in LPV remains a
potentially fruitful area of future research. Reports using either Doppler flow or a novel
visualization system have found the cardinal inflammatory sign of “rubor” or erythema to be
greater in the vestibule (introitus) compared to the external vulva in all women and greatest
in the introitus of vulvodynia-affected women compared to pain-free controls [6,15].
Selective sampling of fibroblasts from painful and adjacent nonpainful sites demonstrates
enhanced pro-inflammatory cytokine production after yeast extract stimulation [21]. Other
studies using immunohistochemistry (IHC)-based assays find no difference in
proinflammatory cytokines from painful and nonpainful tissue sites [5,14]. As a result of the
divergent findings described above, a neuroinflammatory pathogenesis has yet to be
universally accepted. Improved consensus may result from future developments in several
areas:

. Greater reliance on prospective “natural history” vulvodynia studies.

Research into “nonclassical” pathways to neuro-inflammation.

. Greater stringency in research methods.
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4. Hyperinnervation in vulvodynia

A number of studies report an increase in nerve fiber density in LPV corresponding to
regional heightened mechanical allodynia and hyperalgesia. Westrom et al. reported that
stromal nerve fiber density per square unit was significantly correlated with the level of
inflammation but not significantly correlated with the presence or absence of pain [64].
Bohm-Starke et al. used a semi-quantitative measure and reported a significantly higher
number of PGP9.5(+) intraepithelial nerve fibers in LPV patients than in asymptomatic
controls [8]. Tympanidis et al. reported a significant increase in density of PGP 9.5
immunoreactive fibers in patients [59]. The density difference was seen at the dermal
epidermal border. In a subsequent article, Tympanidis et al. reported a quantitatively
increased density of vanilloid receptors, VR-1 but scant evidence of SNS1 / PN3
immunoreactivity in LPV [58]. Similar to studies of neuro-inflammation pathogenesis, the
role of neural proliferation in the pathogenesis of vulvodynia are clouded by several issues
that will need to be clarified in future research:

. C-fiber proliferation is not unique to LPV but is also found with the “itch” of
atopic dermatitis. A neurophysiologic difference in the neural proliferation that
produces pain versus itch remains undefined.

. Neural proliferation is reversible in atopic dermatitis, but in vulvodynia this is
unstudied.
. Immunohistochemical (IHC) techniques for neural quantification need to be

standardized, including the development of 3-dimensional methods for peripheral
nerve quantification, as well as refined quantitative counting methods.

5. Psychophysical studies

The results of several psychophysical studies suggest that LPV is associated with sensory
abnormalities, and evidence of both central and peripheral sensitization exist. LPV patients
have been found to have both lower sensory thresholds and lower pain thresholds than
asymptomatic women and have increased pain intensity at suprathreshold levels [7,48,53].
Somatosensory dysfunction is higher in the vestibule of women with LPV than in controls,
and this is most pronounced in the posterior vestibule [7,66]. In asymptomatic women, the
tactile threshold in the vestibule and at extragenital sites is similar, but in women with LPV
the vestibule is significantly more sensitive [48]. Although studies have demonstrated
alterations in sensitivity at the vestibule, there also is evidence of more generalized
alterations in sensory processing. Women with LPV have increased pain perception with
tender point examination, lower pain thresholds, and augmented pain perception at
nongenital sites throughout the body [28,32,47]. These women have also demonstrated
increased pain sensitivity, punctate hyperalgesia, and dynamic allodynia compared with
pain-free women after the administration of intradermal capsaicin at nongenital sites [19]. A
novel method of digital vibratory amplitude discrimination after a vibratory conditioning
stimulus found that vulvodynia of longer duration reduced adaptation to vibratory
conditioning stimulus found in controls and shorter-duration vulvodynia case patients [65].
These findings at sites distant from symptom location suggest some contribution of central
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sensitization, and might provide a neurophysiological explanation for the clinical
observation that patients with vulvodynia often present with additional pain comorbidities.
Diffuse noxious inhibitory control (DNIC) function refers to the phenomenon of reduced
pain perception at a given location in the presence of different painful stimulus at a different
location. A reduction in DNIC function has been noted in several pain syndromes; however,
studies have shown no difference in the DNIC response between women with LPV and
asymptomatic controls [55]. Few studies have explored the correlations of psychophysical
parameters and psychosocial as well as sexual function in vulvodynia. In women with LPV,
decreased sexual function and sexual self-efficacy were associated with higher vulvar
pressure-pain ratings [55].

Improvement in psychophysical methods for vulvodynia may include the following (adapted
from Price) [46]:

. Psychophysical methods with ratio scale properties.

. Generalizable techniques for experimental and clinical settings.

. Methods with good reliablity and sensitivity to change in pain intensity.

. Methods that are simple to use.

. Techniques that separately assess pain dimensions of intensity and affective

qualities (how the pain makes one feel).

6. Muscle dysfunction

It has long been recognized that LVD is often associated with some degree of pelvic floor
muscle dysfunction. Women with LPV have been shown to have lower pelvic muscle
pressure pain thresholds and tolerance when compared to asymptomatic controls [66]. Using
electromyography (EMG) recordings, several studies have demonstrated increased resting
muscle tone, impaired voluntary relaxation, decreased voluntary muscle contractile ability,
and reduced pelvic floor muscle flexibility in women with LPV [23,24,29,30]. Greater
urethral pressure variability than seen in women without LPV has also been noted, and it is
hypothesized that this is the result of variations in urethral muscle tone [22]. This pelvic
floor muscle dysfunction may be the result of a protective reflex to avoid penetration that the
woman finds painful or that she fears. Whether this dysfunction is a cause or a result of the
pain experienced with LPV is unclear, but it is likely maintained by ongoing mechanical
allodynia.

Points and directions in future research of motor dysfunction in vulvodynia:
. Is motor hypertonus a separable condition or intrinsic to vulvodynia?

. Results are highly operator dependent, and evaluation by same examiner may
result in better reliability.

. Assessment of pressure point tenderness of pelvic floor muscles should be
limited to measure once per visit for better reliability, particularly in women with
significant vaginismus [57].
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. Nonpenetrative methods of muscle assessment, such as transperineal ultrasound,
may improve upon methodological limitations of intravaginal digital examination
[43].

7. Animal models

Compared to other chronic pain conditions, very few animal models have been developed to
replicate relevant clinical pain conditions from the urogenital tract [27,40]. Translation of
findings in these models to sexual pain in women might be more difficult than in other pain
models because of the requirement of circulating hormones for sexual receptivity in rodents
and the multifactorial nature of women's sexual function. The innervation of the urogenital
floor is served by both components of the autonomic nervous system, the sympathetic and
parasympathetic divisions, as well as the somatic nervous systems [62] (Fig. 1B). Studies in
rats have demonstrated that the extent of the vaginal innervation varies as a function of the
gonadal hormonal status [56]. This plasticity of the innervation is not restricted to the
vagina, but it has been reported in other parts of the female reproductive tract as well [36].
Mimicking repeated vaginal candidiasis that some women report experiencing provoked
vestibulodynia, a rodent model of long-lasting mechanical allodynia after repeated exposure
of the vulva to Candiaa albicans, has been developed in mice. Allodynia persists for at least
3 weeks after resolution of infection in a subset of female mice in this model and produces
hyperinnervation [17]. Berkley et al. have developed a model of vaginal nociceptive
distension in rats, and have explored this model to study vaginal hypersensitivity both after
ovariectomy, as a model for dyspareunia in women after loss of ovarian function, and in the
context of a rodent model of endometriosis, as a model for secondary dysmenorrhea and
chronic pelvic pain reported by women diagnosed with endometriosis [4]. Vaginal
hypersensitivity after ovariectomy is reversed by estrogen replacement in this model and
histologically characterized by increased sympathetic innervation [56]. The endometriosis/
vaginal hyperalgesia model has been explored to assess the pharmacological interactions of
the endocannabinoid system in endometriosis-associated pain [27]. Using a rodent model of
uterine inflammation [63], vaginal nociceptive pathways have been studied in rats that had
recovered from previous uterine inflammation [61]. Vaginal inflammation in rodents that
had recovered from uterine inflammation resulted in a significant increase in FOS-ir neurons
in spinal cord segments T10-L5 (outside of the vaginal innervation area), suggesting that
previous uterine inflammation modifies central nervous system processing from the vagina.
These studies are relevant to the clinical observation that women who have recovered from
pelvic inflammatory disease (PID) often develop chronic pelvic pain and dyspareunia after
they have initially recovered from PID, sometimes triggered by a seemingly trivial vaginal
infection.

Challenges in developing a clinically relevant animal model of vulvodynia include the

following:
. Clinically relevant stimuli need to be identified in an animal model that reflect
the pain and sexual dysfunction that women with vulvodynia experience.
. The heterogenous pathology and multifactorial presentation of vulvodynia in

women, which make it difficult to develop clinically relevant animal models for
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vulvodynia to study the pathophysiological mechanism and to identify treatment

targets.
. An endogenous animal model of vulvodynia needs to be developed.
. Animal models provide a tool to investigate the contribution of background

genetics in a controlled environment to the functional and molecular mechanisms
of the disease. What laboratory animal/strain will represent the vulvodynia
reality?

. The significant neuronal plasticity of the reproductive tract as a function of the
hormonal milieu and differences in the gonadal profiles of rodents and humans
make it difficult to translate findings in these animal models to women with
vulvodynia and to develop clinically relevant targets for treatment.

8. Neuroimaging

Structural and functional magnetic resonance imaging (fMRI) studies have revealed many
types of brain differences associated with the development of chronic pain [16,52]; however,
few studies have applied these techniques to study vulvodynia. In a study using pressure
(perceived as painful in patients but not in controls) to the posterior portion of the vulvar
vestibule as a stimulus in women with LPV and healthy controls, women with LPV showed
significantly higher activation levels in the insular and frontal cortical regions on fMRI than
did controls, mirroring activation patterns observed in other chronic pain conditions [49]. In
a subsequent study, patients with vulvodynia were compared to healthy controls and
fibromyalgia patients (positive controls) [34]. Local (vulvar) and remote (thumb) pressure-
evoked pain processing was assessed using fMRI. Both pain groups showed overlapping
insular brain activations that were greater than in healthy controls during thumb stimulation.
Significant differences between vulvodynia subgroups (primary/secondary, provoked/
unprovoked) were observed in the posterior cingulate (thumb stimulus) and in the precuneus
region (vulvar stimulus), suggesting heterogeneous neuropathologies. Using whole-brain
voxel-based morphometry, increased gray matter density has been demonstrated in young
women with LPV [51]. This is in contrast to studies in patients with other chronic pain
conditions documenting decreased gray matter density, and it has been speculated that gray
matter density might increase in young pain patients and decrease in older individuals with
long-standing pain conditions.

Points and directions in vulvodynia neuroimaging:

. Similar to other chronic pain syndromes, in which much work has already been
done using neuroimaging techniques, this approach may help to clarify the
sensory, emotional, cognitive, and interoceptive components of vulvodynia pain.

. The development of “vulvodynia pain signatures” (ie, brain bio-markers) for
vulvodynia sub-phenotypes would be valuable.

. Neuroimaging may facilitate mechanism-based drug selection for vulvodynia
patients and may serve as a predictor of placebo responders.

Pain. Author manuscript; available in PMC 2017 August 23.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Wesselmann et al.

Page 8

. Recent work has provided evidence that measures of brain structure and
functional activity can define a pain state and predict disease chronification in
conditions such as back pain. Much more work is needed to determine the
generalizability of such findings to other chronic pain conditions, including
vulvodynia.

9. The future: challenges and opportunities

Vulvodynia comprises a poorly defined and understudied heterogeneous group of chronic
sexual pain syndromes in women. There is an urgent need to expand both basic science as
well as clinical research in this field to provide insights into the etiology, natural history, and
risk factors to provide a translational foundation to facilitate future clinical intervention
efforts and improve clinical management. A major confounding factor in such studies is the
heterogeneity of the potential pathogenetic mechanisms of pain. In the clinical setting, this
translates into the frustrating situation that the right treatment for the right patient with
vulvodynia is often very difficult to predict, and may result in a long-term trial-and-error
approach. This senario is not unique to vulvodynia but is typical of many chronic pain
conditions, and calls for a personalized pain management approach. While research on
vulvodynia is still in the “kinder-shoes” as compared to many other chronic pain syndromes,
this deficit might be overcome by learning from successful approaches to other chronic pain
syndromes (www.mappnetwork.org; www.oppera.org; https://www.nichd.nih.gov/
publications/pubs/documents/NIH_Vulvodynia_Plan_April2012.pdf). Information resources
relevant to vulvodynia are also listed in Appendix A.
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Appendix A. Resources for health care providers, patients, and researchers

American College of Obstetricians and Gynecologists (ACOG) Wu/vodynia. Patient
Education Pamphlet FAQ127, May 2011. Website: http://www.acog.org/For_Patients

International Association for the Study of Pain (IASP) Global Year Against Pain in Women
(Vulvodynia Fact Sheets).

Website: http://www.iasp-pain.org/AM/Template.cfm?
Section=Real_Women_Real_Pain&Template=/CM/HTMLDisplay.cfm&ContentiD=4448

IASP Secretariat, 1510 H Street NW, Suite 600, Washington, DC 20005-1020, USA. Tel:
202-524-5300.

Website: http://www.iasp-pain.org
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National Vulvodynia Association (NVA), PO Box 4491, Silver Spring, MD 20914-4491,
USA. Tel: 301-299-0775.

Website: http://www.nva.org

NIH Research Plan on Vulvodynia

Website: https://www.nichd.nih.gov/publications/pubs/documents/
NIH_Vulvodynia_Plan_April2012.pdf

NIH Office of Research on Women's Health (ORWH).

Website (for vulvodynia): http://orwh.od.nih.gov/resources/health/researchandyourhealth/
index.asp
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Fig. 1.

(A?) Graphic illustration of female lower genital tract showing external vulva, vestibule, and
lower vaginal tract. Associated innervation mediating sensory-motor activity of the pelvic
region also represented. (B) Schematic drawing showing the innervation of the pelvic floor
in females. Although this diagram attempts to show the innervation in humans, much of the
anatomic information is derived from animal data. CEL, celiac plexus; DRG, dorsal root
ganglion; HGP, hypogastric plexus; IHP, inferior hypogastric plexus; PSN, pelvic splanchnic
nerve; PUD, pudendal nerve; SA, short adrenergic projections; SAC, sacral plexus; SCG,
sympathetic chain ganglion; SHP, superior hypogastric plexus; Vag., vagina. (Source:
Wesselmann U, Burnett AL, Heinberg LJ. The urogenital and rectal pain syndromes. PAIN®
1997;73:269-294 [62]. This figure has been reproduced with permission from the
International Association for the Study of Pain (IASP). This figure may not be reproduced
for any other purpose without permission.)
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