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Highlights 
In PVD microstructural alterations were observed in fibers associated with 
sensorimotor integration and pain processing. 
Alterations were associated with increased vulvar pain and muscle tenderness 
in PVD. 
Differences between chronic overlapping pain syndromes may be related to 
sensorimotor-thalamic-brainstem thalamic connectivity. 

ABSTRACT 

Provoked vestibulodynia (PVD) is a chronic pelvic pain disorder affecting 16% of the 

female popul       ities in PVD, 

similar to oth         ed in sensory 

processing an             terations in 

the subvoxel,        o healthy 

controls (HCs           Diffusion 

tensor imagin          87 age-

matched prem          meter 

mapping of fr          used to 

identify micro           h IBS. PVD 

alterations in        bserved in 

fibers associa         y information 

between the t         compared to 

HCs, displaye           nglia regions. 

In contrast, PVD and IBS subjects did not show any FA-related group differences. PVD 

subjects displayed greater MD in the basal ganglia compared to HCs (higher MD in the 

internal capsule and palli dum) and IBS (higher MD in the putamen and palli dum). 

Increases in MD were associated with increased vaginal muscle tenderness and vulvar 

pain. The current findings highlight possible shared mechanisms between two different 



pelvic pain disorders, but also highlight the wide-spread alterations observed specificall y 

in PVD compared to HCs.  

 

PERSPECTI VE 

Alterations in microstructure in provoked vestibulodynia were observed in fibers 

associated with sensorimotor integration and pain processing, which were also associated 

with increase          may be 

contributing t         ed for new 

therapies targ     

 

KEY WORD        IBS); 
diffusion tens       

 

  



INTRODUCTIO N 

Provoked vestibulodynia (PVD) is a chronic pelvic pain disorder affecting 

approximately 16% of women 38, with significant impact on qualit y of li fe [3]. 

Individuals with PVD report localized hypersensitivity and severe pain of the vulvar 

vestibule upon vaginal penetration (e.g., intercourse, tampon use) in the absence of 

detectable infection or inflammatory etiology 4, 32. The underlying pathophysiology of 

PVD is largel           vailable 

evidence sugg          essing 

appear to be i              6 24, 69 may 

result in proli         ation) 36 

leading to cen        ty 65, 91; 

however, this     

Non-i         unctional 

and structural         n 

hypersensitiv         of 

endogenous p         erception 5, 

35, 37, 70, 76, 79.          nsorimotor 

and basal gan          cle 

tenderness 35.  Gray matter is also altered in basal ganglia regions in PVD76. Central 

abnormaliti es observed in PVD are similar to those seen in fibromyalgia 37, a wide spread 

pain disorder, and irritable bowel syndrome (IBS) 35, another chronic pelvic pain 

disorder. Together, these studies provide evidence that disease specific brain alterations 



may play an important role in symptom generation and their identification may be critical 

for long-term therapeutic control of PVD.  

While functional and morphometric alterations in the regions associated with the 

somatosensory and integrative brain have been observed in PVD, less is known about the 

microstructural adaptations that occur in dense white matter and dendriti c projections. 

Diffusion tensor imaging (DTI) is a non-invasive magnetic resonance imaging (MRI) 

technique use         tissues by 

probing the b         measures of 

the fractional           nal coherence 

of the underly          gth of axonal 

or dendriti c p          e relative 

tissue compac           fferences in 

both FA and               ear whether 

such differen           vity and 

region morph          d 

microstructur            

morphometric         nic pelvic 

pain disorder         s regions and 

white matter tracts associated with somatosensory processing and integration regions16, 22, 

23, 43, 45, 47-49, 53, 59.  Approximately 20% of women with PVD also have a comorbid 

diagnosis of IBS or IC/PBS55 suggesting the potential for shared central mechanisms 

between these disorders61, 67.  Thus, given the morphometric and resting state alterations 

of sensorimotor processing and integration regions previously reported in PVD, we 



hypothesized that women with PVD would exhibit FA and MD alterations in these 

regions, specificall y sensorimotor regions including basal ganglia and thalamus. To test 

this hypothesis, we compared voxel-wise DTI measurements between PVD and healthy 

control participants (HCs), and between PVD and IBS patients, to identify alterations 

specific to PVD compared to another chronic pelvic pain disorder. In addition, we 

examined the association between microstructural alterations linked with PVD and PVD-

specific symp     

 

 
  



MA TERIALS AND METHODS 
 
Participants 

Study subjects were those included in a previously published resting state study;  

data collection, including symptom variables, and questionnaire data have been described 

35. Women with PVD were recruited through the University of Cali fornia, Los Angeles 

(UCLA) Obstetrics and Gynecology clinics. The diagnosis of PVD was confirmed during 

a clinical exa            lusion 

criteria for pa

least 4 out of          attempted 

intercourse or         and findings 

on exam cons         cotton swab 

limited to 

the vulvar ve       gy such as 

infection, der       ns such as 

candida, bact           ual 

inspection, va          c floor 

muscles (leva           Speculum 

examination o          to exclude 

other pathology that could contribute to the pain. Age-matched data for female IBS and 

female healthy control (HC) subjects was obtained from past subjects enrolled in 

neuroimaging studies at the Center for Neurobiology of Stress and Resilience and have 

been used in previous publications22, 23, 35, 39, 40. Healthy control subjects (HCs) were 

recruited by advertisement and screened via history and medical exam for absence of 



pain disorders, and were recruited from the UCLA and local Los Angeles community.  

Exclusionary criteria for all  subjects included pregnancy or lactation, substance 

abuse, tobacco dependence (smoked half a package of cigarettes or more dail y), 

abdominal surgery other than appendectomy or cholecystectomy, current or past 

psychiatric ill ness, extreme strenuous exercise (exercise more than one hour per day), and 

major medical or neurological conditions. In addition, subjects with current regular use of 

analgesic dru

medications s       ective 

serotonin upt        only allowed 

if subjects ha                exclude 

subjects who       d we asked 

that subjects r           ning visit. All  

subjects were        port. All  

subjects were           

contraceptive           ulvar 

vestibules.  

Diagn          y criterion. 

To assess for          oms for the 

PVD subjects and presence of PVD symptoms for the IBS subjects were recorded during 

the medical history. 

 

The study was approved by the University of Cali fornia, Los Angeles Institutional 

Review Board, and was conducted in accordance with the institutional guidelines 



regulating research on human subjects. All  subjects provided written informed consent to 

participate and were compensated for participating in the study. 

Clini cal Assessments and Questionnaires 

Clinical Assessment of PVD. Clinical assessment and questionnaires were 

completed within the week prior to MRI acquisition. During history and clinical 

examination,         e PVD 

patients. Patie             pain 

intensity (sca          pleasentness 

(scale 0-20, 0           acely 

Differential D             ated to sex 

was also reco         e). A brief 

neurosensory            vestibule 

was performe            for PVD 30. 

To exclude sp         T12, L1, S2, 

S3/4, S5) of t          ll y for 

allodynia (pa           h touch with 

the sharp woo            

Mapping of pain in the vulvar vestibule was then performed by touching the 

vestibule perpendicularly with the cotton end of swab (enough to indent the mucosa to a 

depth of less than 1/3 of the cotton end) for 1 second at 5, 6, 7 (posterior vestibule), 10, 

-urethral, anterior vestibule). Subjects were asked to rate the pain 

severity (scale=0-10; 0=none, 10=most severe pain imaginable) and describe quality 



(verbal descriptor e.g., sharp vs. cotton tip pressure sensation). A vulvar pain total 

-50).  

The vaginal muscle examination was then performed. Internal muscle tone and 

tenderness was assessed with a single lubricated digit, applying approximately 2 kg of 

before the exam with an algometer). The bulbocavernosu

Participants w             10=the most 

severe pain im

the pain score           

 

Clinic           m criteria for 

a diagnosis of        ner obtained 

histories and         l types of 

predominant        th in the 

week prior to         ation of 

symptoms, an        erall  GI 

symptom sev            a 21-point 

Numerical Rating Scale (scale=0-20, 0=no pain and 20=the most intense symptoms 

imaginable). Usual symptom severity was assessed on an ordinal scale where 1=None, 

2=Mil d, 3=Moderate, 4=Severe, and 5=Very Severe.  

For all  subjects,  anxiety and depression were also assessed using a self-report 14-

item instrument (Hospital Anxiety and Depression Scale; HADS) 90.  



 

MRI Data Acquisition 

Subjects were scanned on a 3.0 Tesla magnetic resonance imaging  scanner 

(Siemens Trio; Siemens, Erlangen, Germany). Subjects underwent DTI using one of two 

comparable acquisition protocols consisting of either 60 or 64 non-colli near directions 

with b=1000 s/mm2, along with either 8 or 1 b=0 s/mm2 images, respectively. Both 

protocols had          of view 

(FOV)=256m            mm (no slice 

gap) to produ           e HC subjects 

and one IBS p         other 

participants w          sessed via a 

qualit y contro            Network 

(PAIN) repos        nded 

neuroimaging          artifacts and 

motion on the          A and MD 

map qualit y,          s (FA of 0-

0.1 and MD o      

in splenium o         anslation and 

rotation for each direction (x, y, and z) were set at 2mm and 2°, respectively. No subjects 

presented with serious adverse imaging artifacts and no subjects exceeded motion 

thresholds: the highest maximum relative translation for any subject was 1.37mm, and the 

highest maximum relative rotation was 1.59°. 

 



MRI Processing  

All  raw DTI data was corrected using eddy current correction as part of the 

FMBRIB Diffusion Toolbox (FDT) 6 in the FMBRIB software library (FSL, Version 

5.0.3, https://fsl.fmrib.ox.ac.uk/fsl/fslwiki) package 78. FA and MD maps were created 

using MRtrix (Brain Research Institute, Melbourne, Australia, 

http://www.brain.org.au/software/). FA images were then registered to the Johns Hopkins 

University DT           ree of 

freedom affin         FLIRT) 46. 

Nonlinear (el        near 

      mmand and 

default param        -fields) were 

then applied t              atlas space.  

 

Data Analys  

Data        les were 

examined usi           del (GLM) in 

the Statistical          to examine 

differences in           mpared to 

IBS. Significance was considered at p<.05 68.  

Statistical Parameter Mapping of DTI Data. Voxelwise comparisons were 

performed using mask consisting of the disjunction between the white matter (defined by 

an FA >0.3 in the FMRIB FA atlas) and deep gray matter masks of interest (namely the 

basal ganglia and thalamus, defined by their respective masks from the Harvard-Oxford 



subcortical atlas) as outlined in a previous publication 22. The basal ganglia and thalamus 

were included in the mask for this analysis because of their importance in pain processing 

17, 20 and their role in chronic pain as identified using other neuroimaging techniques 3, 11, 

42, 74. DTI analysis of the thalamus and basal ganglia has been performed in a variety of 

neurological conditions which have shown altered microstructure compared to healthy 

controls and correlations with patient symptoms; these conditions include 

disease 14, 50, 6             tistical 

parameters m             voxelwise 

general linear          C; PVD vs. 

IBS), and cov           nal 

Neuroimagin     

(https://afni.n    presence of 

group differe           d MD, 

sensitivity an           nd trauma 

variables on t         ppropriate 

group contras            

To ex          ables 

univariate vo           e models 

either FA or MD maps served as the dependent variables and the independent variables 

included average pain with sex, Vaginal Muscle Tenderness Total score, Vulvar Pain 

Visual inspection of histograms and Q-Q 

plots as well  as assessment of skewness and kurtosis indicated the covariates in the 

GLMs were normall y distributed. To account for multiple comparisons and spatial 



correlations in SPMs, a cluster-based correction approach 12 was used including a level of 

significance  p < .01 with a minimum cluster size of 1mL, or approximately 125 

contiguous 2x2x2mm3 voxels, which is more conservative than previous studies using 

similar methods 22, 23. In order to ensure that our cluster-size threshold would control for 

false positives, we performed permutation tests to simulate the cluster-size distribution 

based on our data. Using the HC data, we estimated the spatial AutoCorrelation Function 

(ACF) for the       

(https://afni.n   ACF 

parameters w           lue threshold 

of 0.01 and a           es (FWER) 

of two-sided       

(https://afni.n  s was done 

for both FA a            001, we 

would need a          eshold of 

0.57mL for M           and thus 

sufficiently c       

 

 

Clini cal and behavioral characteristics 

Mean clinical and behavioral characteristics of PVD, IBS, and HCs are 

summarized in Table 1. The age of subjects ranged from 21 to 52 years (mean=29.71). 

Although within normal clinical ranges, PVD subjects had significantly higher anxiety 

and depression symptom scores compared to HCs (Anxiety: F(1, 57)=18.44, p=.00005, 



=1.25; Depression: F(1, 57)=9.82, p=.002, d=.85), but were similar to IBS 

subjects. 

Values for vulvar vestibular pain as assessed by cotton swab and for vaginal 

muscle tenderness as assessed by finger pressure exam for the PVD subjects are 

summarized in Table 2A. The average duration of PVD pain was about 7.4 years. For the 

PVD subjects the average level of pain intensity during the past 24 hours was 5.95 

(SD=6.17), an           s was 5.29 

(SD=4.85). T           es for 

abdominal pa          marized in 

Table 2B. Th           years. Of the 

29 PVD subje            t IBS 

symptoms wi             omorbid 

PVD symptom   

Disease-spec        

FA w           wo 

contiguous re            gure 1; 

Cluster 1; 5.         us (SLF), 

which connects regions of the frontal, occipital, parietal, and temporal lobes. The 

difference in FA along the contiguous cluster neighboring the right SLF appeared highest 

within white matter projections adjacent to (S1) cortical regions, as well  as posterior 

regions within the right basal ganglia, putamen and palli dum, as well  as tissue adjacent to 

the ventroposterior nucleus of the thalamus and white matter regions projecting into the 



temporal lobe. The second region (Figure 1; Cluster 2; 1.074mL) was concentrated in 

deep white matter regions on the left hemisphere localized within intra-abdominal S1 

cortical regions. (Note this area was present on the right hemisphere but was part of the 

larger, contiguous cluster.)  

To determine whether the change in FA was due to increased diffusion along the 

main axis (parallel to axons), decreased diffusion radiall y (perpendicular to axons) or 

both, we eval           tively) in the 

significantly            were 

calculated an           n the 

Methods abov            cated 

thatPVD pati         C, with a 

       ence of 

           VD patients 

also presented          n difference 

          

(p=.002) for C            D vs RD in 

the significan          d AD and 

decreased RD             Cluster 2 

(Figure 2; C and F, respectively). 

No significant differences in FA were observed between PVD and IBS patients.  

 

Disease-specific alterations in mean diffusivity (MD) 



 PVD patients had clusters of significantly elevated MD with respect to both the 

HC and IBS groups (Figure 3; Table 4). The region of increased MD with respect to 

HCs (Figure 3; Cluster A;  1.037mL) was located mostly in the left putamen, extending 

to the inferior portion of the superior longitudinal fasciculus fibers just above the 

putamen, and appears to present with a uniform (albeit relatively small ) difference in MD 

throughout the region. The cluster with increased MD with respect to IBS (Figure 3; 

Cluster B; 1.           the internal 

capsule, whic        rs heading to 

and from prim           rtions of the 

left palli dum,           though the 

highest differ             

 

Sensitivity An  

While            erms of 

depression an          res between 

the PVD and          D and HC 

were not due           parametric 

maps for the          res included 

as covariates. The resulting clusters were in the same locations as the PVD vs. HC 

clusters without the mood score covariates, except slightly decreased in size: for FA, 

cluster 1 decreased in size from 5.808mL to 5.580mL, and cluster 2 decreased from 

1.074mL to 1.062mL, while for MD the cluster decreased in size from 1.037mL to 



0.990mL. Thus, the group differences between PVD and HC were due mainly to group 

effects and not differences in anxiety and depression scores.    

Correlations between DTI  metrics and Clini cal and Behavioral Measures  

 Correlations with FA. No symptom variable showed significant voxel-wise 

correlations with FA.  

 Corre         or Vaginal 

Muscle Tend       ure 4; Table 

4). The correl        roduced 

three positive           ight posterior 

corona radiat        ulus; Cluster 

2 (2.082mL)           ral (left) 

side, the supe           tudinal 

fasciculus; C           na radiata 

and superior l        h the 

Vaginal Musc         egion 

(Figure 4B; C         including 

the cerebral p        bers through 

the brainstem, and the superior and middle cerebellar peduncles. 

   

 

DISCUSSION 



 The aim of the study was to identify disease-related differences in deep 

subcortical gray and white matter microstructure in women with PVD, compared with 

HCs and another chronic pain group, IBS, using DTI MRI analyses. As hypothesized, in 

PVD alterations in microstructural organization of the brain were predominantly 

observed in fibers associated with sensorimotor integration and pain processing that relay 

information between the thalamus, basal ganglia, sensorimotor cortex, and insula. 

Women with          A of 

somatosensor           ed between 

PVD and IBS         h pain 

groups as com           l ganglia 

compared to H            rnal capsule 

in a region ad         mo-cortical 

fibers, when c          lvar pain and 

vaginal musc         MD in the 

sensorimotor          fibers in the 

superior long            white matter 

fibers in the b     

The p        , PVD 

subjects have greater white matter fiber directional coherence (higher FA) in pathways 

associated with sensorimotor integration and processing of pain around the primary 

sensory cortex 44, 83: the bilateral superior longitudinal fasciculi  84, posterior and superior 

corona radiata, the left hemisphere regions of the basal ganglia, thalamus, and internal 

capsule 7, 88. PVD subjects on average displayed both increased AD and decreased RD in 



these clusters compared to HCs, indicating that the increased FA may reflect an increase 

in the unidirectionalit y of white matter fibers in these areas. Compared to HCs, PVD 

subjects had higher MD in the right putamen and superior longitudinal fibers, while PVD 

subjects showed increased MD in an adjacent region, the right internal capsule (which 

contains thalamo-cortical and cortico-spinal fibers) along with medial portions of the 

palli dum, when compared to IBS subjects. 

These         rations in the 

sensorimotor        ardt (2008) 

reported incre            y role in 

sensorimotor          resting state 

study, these s        ntary motor 

area and left p         nal studies 

have demons        n sensitivity 

and associate         l secondary 

somatosensor          increased 

sensorimotor          

PVD-        e 

morphometric         sensory 

regions previously reported in women with painful bladder syndrome/interstitial cystitis 

23, 48, 49 and in women with irritable bowel syndrome 35, 53, 85, both of which are often 

comorbid with PVD. Other studies have also shown that these sensorimotor regions can 

be activated during pelvic floor muscle contractions in female subjects 51, 52. 



A recent study by Elli ngson et al. (2013) reported less directional coherence (decrease in 

FA) and higher MD in regions comprising cortico-thalamic-basal ganglia circuits in IBS 

compared to HCs 22. IBS compared to HCs had lower FA in thalamic regions, the basal 

ganglia and sensory/motor association/integration regions. In our study, MD of some of 

these same regions, namely the basal ganglia, was higher in PVD compared to HCs and 

IBS. Interestingly,  in fibromyalgia subjects another disorder comorbid with PVD, FA 

has also been         sular fibers 

compared to H           monstrated 

increased FA          etween 

chronic overl          tor-thalamic-

brainstem tha    

Eleva           myelination, 

and/or fiber a          increase in 

fiber direction          erent 

projections to         imuli  23 or 

tonic muscle           increased 

pain facilit ati          

25. 



9, 82.  Ultimately, longitudinal studies will  be required to 

determine whether pre-existing alterations in the spinal-thalamic-basal ganglia-cortical 

loops lead to biased sensory perception or if sensitization of afferent and efferent 

pathways is due to chronicall y increased sensory input from the vulvar area   

Symptoms ar       

Increa          creased MD 

in several stru          ity or lower 

directional co           nown to have 

many nuclei r              focused MRI 

structural and            eports (at 6 

) were        or 

integration an           me clusters 

showing incre            htly more 

posteriorly, in          rmation in 

the parietal co            essing of 

proprioceptiv           on these 

proprioceptive and sensory feedback 73. As whole, these findings may suggest that 

increased fiber integrity in these regions are associated with increasing pain sensitivity 

and may underlie vulvar pain sensitivity and tonic pelvic floor muscle contractions and 

tenderness often noted during clinical examination of women with PVD 64, 65.    

 



 

Li mitations 

Since psychiatric diagnoses and presence of other comorbid chronic pain conditions were 

exclusion criteria, generali zation of the results are limited as research indicates PVD 

without comorbidities represent a distinct subgroup associated with shorter duration of 

the disorder,  less severe clinical presentation, and higher qualit y of li fe57, 72. The failure 

to assess pelv          etation of the 

results. While           een used 

jointly succes           ces is 

nonetheless s             n between 

microstructur         en no longer 

attempted gen           oral 

dimension an            only 

provided adeq         

 

 

Summary an    

PVD subjects         erations 

consistent with of increased strength of axonal or dendritic projections and increased 

myelination in sensorimotor, cortico-thalamic, and basal ganglia circuits involved in 

sensorimotor integration and pain processing. These neuroplastic alterations may be a 

defining pathophysiological feature of PVD.  It is not clear if these alterations in brain 

microstructure are a primary (e.g. premorbid) or changes or reflect substantial long term 



microstructural reorganization in response to secondary to chronic nociceptive input to 

the brain from the vulvar vestibule or pelvic floor related to  abnormal pelvic motor 

contractions. It is possible that these brain alterations increase the vulnerabilit y to 

develop PVD after an inflammatory insult or to maintain or ampli fy the symptoms once 

PVD develops. The association between increase vulvar pain and muscle tenderness with 

increased MD in sensorimotor and pain processing region provides preliminary support 

for this hypot         on71, and 

perhaps those          mprove 

spontaneously            ongitudinal 

studies. It is a           sical therapy 

[6] and vestib         iti ve 

behavioral 8 o        observed in 

PVD subjects            

development         ulation 64, and 

novel pharma        current 

findings high        ers, but more 

importantly h        in PVD 

compared to H            overlap 

between the various chronic pain disorders. 
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FIGURES 
 
Figure 1: Fractional Anisotropy (FA) Differences Between PVD and Healthy 
Contro ls 
Significant clusters, 1 and 2, showing FA differences between PVD and HC groups. 
Left, three-dimensional rendering of largest significantly different clusters of FA 
differences, showing elevated FA values in the PVD group compared to the HC group, 
with column scatter plots of the mean FA values for the PVD and HCs for each cluster. 
Right, two-dimensional images of significantly different clusters, sagittal and coronal 
multi -section images displayed next to probabilisti c tractography rendering of the 
superior longitudinal fasciculus. 
 
Figure 2: Me          gnificantly 
Different Fra         ntro ls 
Mean AD and           Cs. Cluster 1 
AD (A), RD               d the 
respective qu             
 
Figure 3: Me         Contro ls 
(or IBS) 
Significant cl           Cs and IBS 
groups. Left,       gnificantly 
different clus            MD values for 
the PVD and            group 
compared to t             sule. 
 
 
Figure 4: As        ores in PVD 
Significantly        tom variable 
scores in the         ted lines 
(and shaded a       
A. Two-dime        f MD, 
showing incre           score, with 
scatter plot an             s. 
B. Two-dime        f MD, 
showing incre         core, with 
scatter plot and linear regression of MD vs Vaginal Muscle Tenderness for the cluster. 
 



Table 1: Study Demographics and Clini cal/Behavioral Measures 
Premenopausal 

Females 

PVD 

(N=29) 

IBS 

(N=29) 

HC 

(N=29) 

PVD vs. IBS  PVD vs. HC 

 Mean SD M      

 e 

Cohen’s

d 

F(1, 

57) 

p-

value 

Cohen’s

d 

Age (yrs) 30.31 6.79       .02 .01 .94 .22 
             
HADS Anxiety 7.03 3.95     

 
  .02 18.44 .00005 1.25 

HADS 
Depression 

2.84 3.05     
 

 
 

 
 

.08 9.82 .002 .85 

 
Group differences were tested using con         ar model. The F statistic associated with 
each test is reported along with uncorrec           rate, i.e., q-values. 
 
Abbreviations: HADS, Hospital Anxiety        table Bowel Syndrome; PVD, Provoked 
Vestibulodynia; N, number of subjects;     
 
 



Table 2: Clini cal/Behavioral Characteristics for the A. Subjects with Provoked Vestibulodynia and B. for the Subjects with 
I rr itable Bowel 
A.  
PVD (N=29) Range Mean SD 

Gracely Differential Descriptor Pain      
Pain Duration (months)    

Level of Pain Intensity (past 24h     
Level of Pain Unpleasantness  (past     

    
Pain Related to Sex    

Level of Pain related to Sex     
Level of Pain not related to Sex    

    
Vulvar Pain    

    
    
    
    
    

Total Vulvar Pain Score    
    

Vaginal Muscle Tenderness    
    

Bulba @ 7     
    

 1.82 1.93  
 2.00 2.16  

Total Vaginal Muscle Tenderness Score 9.11 8.87  



Pain duration and level of pain intensity were assessed on a 21-point numeric rating scale (0=neutral, 20=extremely intense) using the 
Gracely Differential Descriptor Pain Scale. Level of pain unpleasentness was also assesed using a 21-point numerical rating scale 
(scale 0-20, 0=neutral, 20=very intolerable) in the past 24 hours using the Gracely Differential Descriptor Pain Scale. Level of pain 
related to sex and not related to sex were recorded on a scale of 0-100 (0 = no pain, 100 = most intense pain imaginable). 
For vulvar pain, pain severity was measured on an 11 point Numerical Rating Scale where 0 = none and 10 = most severe pain 
imaginable and total vulvar pain was ca           Vaginal muscle tenderness was 
measured on an 11-point Numerical Rat          ting the most severe pain imaginable, 
almost unconscious and total vaginal mu         ores from the 5 sites (0-50). 
Abbreviations: PVD, provoked vestibul         
 
B. 
IBS (N=29)    

Bowel Symptom Questionnaire     
 R    

Overall Symptoms in the past week 0    
Abdominal Pain in the past week 0    

Symptom severity 2     
Symptom duration (years) 2    

 
Questionnaire: Overall  symptoms in the          20=extremely intense), Abdominal Pain 
in the past week was measured on a 0-2       
Abbreviations: IBS, irritable bowel synd         
 
 



Table 3: Significant clusters of FA-related differences between groups and correlations with clini cal variables in PVD group. 
FA Significant Clusters 

Test 
Cluster 
Number 

Direction 
of 

Change 

Cluster 
Size (mL) 

COM 
Position  
(x  y  z) 

Str uctures 

PVD vs. 
HC 

1 Increased 5  
  

 

    
   
   
   

   
     
    

  

2 Increased 1  
  

 
    

   
 

PVD vs. 
IBS  

  

 
Statistical tests (both comparisons betwe        e listed. Clusters reported from largest 

espectively, 
nly, 

ers with white 
matter ROIs from the JHU white matter         -Oxford subcortical atlas, both 
available through FMRIB Software Libr    
Abbreviations: HAD, Hospital Anxiety        voked Vestibulodynia 
 
 



Table 4: Significant clusters of MD-related differences between groups and correlations with clini cal variables in PVD group. 

Test 
Cluster 
Number 

Direction 
of Change 

Cluster 
Size (mL) 

COM 
Position 
(x, y, z) 

Str uctures 

PVD vs. 
HC 

1 Increased 1  
  
 

Left putamen, external capsule, 
    

   
  

PVD vs. 
IBS 

1 Increased 1  
  

 
     

    

Vulvar 
Pain  
@ 6 

o'clock 

1 Positive 6  
  

 

    
   
   

   
    

    
  

2 Positive 2  
  

 

    
   

  

3 Positive 1  
  

 

    
   

  
      

Vaginal 
Muscle 

Tenderness 
Total 

1 Positive 3.026 
(7.4, 25.2, -

8.5) 

     
    

cerebral peduncle, thalamus, 
fornix/stria terminalis, splenium 

corpus callosum  
 



Statistical tests (both comparisons between groups and correlations with symptom variables) are listed. Clusters reported from largest 
espectively, 

nly, 
ers with white 

matter ROIs from the JHU white matter atlas or subcortical gray matter ROIs from the Harvard-Oxford subcortical atlas, both 
available through FMRIB Software Libr    
Abbreviations: HC, Healthy Control; IB       odynia 
 


















