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Abstract
Title of Dissertation: Determining the Neural Correlates of Burning Mouth Syndrome
Janell S. Payano Sosa, Doctor of Philosophg2020

Dissertation Directed by: David A. Seminowicz, Associate Profe§separtment of
Neural and Pain Sciences

In the United States, nearly 1 million people suffer from burning mouth syndrome
(BMS), a chronic orofacial pain condition that is largely unrecognized by the medical
community and predominantly affects posthdperimenopausal women. Relatively little
in-depth research is available on the condition, and patients often give up seeking trea
ment. The pain in BMS arises spontaneously (i.e. in the absence of stimuli), but the
mechanisms of this spontaneous painnislear, and there is limited research on stmuctu

al and functional brain changes that may occur in a BMS sufferer.

The goal of this dissertation was to inveatgthe central nervous systemecla-
nisms of pain experienced in BMS. We collectediay diares, morning and afternoon
guantitative sensory testing of both orofacial and forearm regions; afternoon structural
and functionalMRIs, and questionnaires from BMS patients and 3 healthy post
menopausal wome®@ur hypothessthat, comparedo healthyparticipantsBMS patients
have higher pain sensitivity, especiallyin orofacialregionsduring the afternoon;lower
grey mattervolume and higherfunctionalconnectivityin nociceptivepathwaysassoci&
edwith noxiousheatduring restandevokedthermalpain, evenafteraccountingfor anx-
ety, were not supportedinstead, we found a tirref-day-dependent effect during warm
detection and cold detectiar faceandforearm lower grey mattervolumeof the dorso-

lateralprefrontalcortex(DLPFC),andhighergrey mattervolumeof the inferior temporal



gyrus and parabrachialnucleus(PBN); lower PBN connectivity with the DLPFC and
primary somatosensorgortex(S1); higherconnectivityof the right lateralhypothalamus
(LH) with posteriorinsuladuring warmconditon; connectivityof right medialhypotha-
amusandLH to left DLPFC andright PBN to bilateralS1 not associateavith anxietyin
BMS comparedo healthyparticipants Altogether,BMS showedabnormalresponseso
innocuousstimuli. This was supportedby fMRI data, where connectivity differences
were mostly presentduring innocuousstimulation. Thesealteredsensoryand brain re-
sponse<ould reflect heightenedanticipationof thermalstimuli (both pain-specific and
non-pain specific)associatedwith disrupton of communicatiorbetweernregionsassoé¢
atedwith negativeaffect of pain (insula), attentionmodulationof pain (left DLPFC),

somatosensatiof®1),andthermoregulatiofLH andPBN).
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Chapter 1. Background: What is Burning Mouth Syndrome?
What is Burning Mouth Syndrome?

In the United States wo me nhéadth education about menopause,post
menopauseandthe prevalenceof chronicpainin olderwomenis lacking andis typically
only acquireduponad o c t vesit odicesymptomsarise(Ghazanfarpouet al., 2015;Sis
Celik etal., 2017;Marlatt et al., 2018;Zhanget al., 2019).One suchchronicpain cond-
tion that occursmainly in postmenopausalwomen, and deseres attention,is Burning
Mouth Syndrome(BMS) (Grushka,1987; Lipton et al., 1993 Bergdahl& Bergdahl,
2007; Albuquerqgueet al. 2006; Rivinius, 2009; Dahiya et al. 2013).In BMS, orofacial
areassuchasthetongue,palate,andinner lips are affectedwith a burning,scaldingsen-
sation that arisesspontaneoushand doesnot ceasein the lifespan of the individual
(Nagleretal., 2004;Dahiyaet al., 2013;Aravindhanet al., 2014).BMS painis typically
moderateo severewith averagepainintensityratedat 7 ona0 to 10 scale,10 beingthe
worst pain imaginable(Barker & Savage,2005; Abetz & Savage,2009; Mogil et al.,
2012;Khanetal., 2014).However relativelylittle researchs availableon this condition.

Diagnosticcriteriavary dueto thelack of understandingf what cause88MS, and
diversity of clinical presentationyielding different diagnosticcriteria for BMS by van-
ousresearcherAriyawardanaet al., 2019;Bender 2018 Merskey& Bogduk,1994. As
statedby Ariyawardanaetal, i t hnternationaHeadachesocietyclassifiesthe diagnostic
criteriaas i o rpair fulfilling criteria that recurring daily for >2 hr/day for >3 months
andpain hasbothburningquality andfelt superficiallyin the oral mucosapral mucosas
of normal appearanceand clinical examinationincluding sensorytesting is normd 0

(IHS, 2018, whereaghe InternationalAssociationfor the Studyof Pain(2016 stateghe


https://onlinelibrary.wiley.com/doi/full/10.1111/odi.13067#odi13067-bib-0006
https://onlinelibrary.wiley.com/doi/full/10.1111/odi.13067#odi13067-bib-0044
https://onlinelibrary.wiley.com/doi/full/10.1111/odi.13067#odi13067-bib-0030
https://onlinelibrary.wiley.com/doi/full/10.1111/odi.13067#odi13067-bib-0027

A b u r semsatigns usuallyd a i Wit podmentionof monthlyduration(Ariyawardana
et al., 2019) As a result of thesedifferences,investigatorsand medicalprovidershave
little guidancein determiningappropriatediagnosticcriteria (Ariyawardanaet al., 2019)
Therefore,BMS patientsoften give up seekingtreatmentafter encounteringseveral
health providersassuringthem there is nothing physically wrong with them (Burning
Mouth Syndrome 2008; Scalaet al., 2003;Marino et al., 2010;MaltsmanTseikhinet al.,
2007).

BMS is characterizedby burning pain despitea clinically normal oral mucosa
(Grushkaet al, 1987;Lamey, 1996). Prevalenceof BMS reportedin the generalpopub-
tion rangesfrom 0.7 to 4.6 percent(Darhaueret al., 2002, Scalaet al., 2003, Gremeatl
Richardet al., 2004;Barker & Savage2005)andit is mainly found in postmenopausal
women(Grushkaet al, 1987;Lipton et al, 1993;Bergdahl& Bergdah| 2007;Albuquer-
gueetal, 2006;Rivinius et al, 2009;Dahiyaet al, 2013).

BMS is diagnhosedvia exclusionmeaningthat conditionsin which oral burning
symptomsoccurasa consequencef identifiable pathologiesare not classifiedas BMS.
However,sometimesa distinctionis madebetweernprimary andsecondar\BMS. Prima-
ry BMS is hasno identifiable underlyingmedicalproblem,and sometheoriesof primary
BMS includethatit is causedby damageo the nervesthat controlpainandtaste(Mott et
al, 1993;Snyder& Bartoshuk2016 Jaaskelainer2012;Grushkaet al, 2003. Secondary
BMS is not BMS by definition becauset is causedby an underlyingmedicalproblem
and often treating the underlying medical problem can relieve the symptomsof BMS
(Ariyawardanaet al., 2019) Common causesof secondaryBMS include: hormonal

changegqsuchas menopauser thyroid disease)metabolicdisorderssuchas diabetes,



allergiesto dentalproducts,dentalmaterials(usuallymetals),or foods,dry mouth,which
canbe causedoy disordergsuchasS j ° g symdroine)andtreatmentgsuchascertain
drugsandradiationtherapy),medicationssuchasthosethat reduceblood pressurenutr-
tional deficienciessuchas a low level of vitamin B12 or iron, oral infectionssuchasa
yeastinfection, acid reflux (Sunet al., 2013; Teruel & Pd&el, 2019; Jimsonet al., 2015;
Minor andEpstein,2011).

A further classificationwithin BMS is often madebasedon the temporalpatternof
symptomsBMS typel andBMS typell. BMS typel patientsexperiencdittle to no pain
in the morning and as the day progresseshere pain increasegeakingin the afternoon
(Lamey, 1996; Abetz & Savage2009).BMS type Il patientswake up with pain and ex-
perienceconsistentlythe sameamountof painthroughoutthe day (Lamey, 1996; Abetz
& Savage2009).This studywill focuson BMS type | becausat providestwo states:a
painfree morning stateanda painful afternoonstate which canbe usefulin determining
mechanismsf BMS.

How is BMS diagnosed?

An importantfactor in BMS is location of perceivedpain. Most BMS patients
commonlyreport burning pain locatedat the tip and anteriortwo-thirds of the tongue
(Nagleretal., 2004;Dahiyaet al., 2013;Aravindhanet al., 2014). While the mechanisms
of BMS areunclear,a diagnosisof exclusionvia clinical examinationof the oral mucosa
is usedto rule out localandsystemiccausesuchasbacterialviral, andfungalinfections,
allergic reactions,vitamin deficiency, or temporomandibuladisorder(Brufau-Redondo
etal., 2008;Aravindhanetal., 2014).

Current treatments



Topical medicationsare commonly prescribedto help manageBMS. Thesein-
cluderinsesof saline,tabascosauce or benzydaminéhydrochloride;andtopical creams
suchasclonazepanand capsaicin(KutenShorreret al., 2017; Aravindhanet al, 2014).
Topicd treatmentsfor BMS provide shortterm relief and systemictreatmentsprovide
mixed resultsof long termrelief (Martin et al., 2011;LopezD 6 a | e sef &.,R014;0
Aravindhanet al, 2014; Kuten-Shorreret al., 2017;Fischoffetal., 2018).

The bigges limitation with usingthesetopicaltreatmentss that patientshaveto
usethem multiple times a day to experiencerelief for a short window of time (Kuten
Shorreret al., 2017; Aravindhanet al, 2014). Therefore,topical medicationscan be
pairedwith systemicmedicationsuchasantidepressantgnxyolytics,antiepilepticsand
anticonvulsantgdMartin et al., 2011, Fischoff & Spivakovsky 2018), which are often
usedto treatneuropathigain conditions(Finnerupet al, 2015),to extendthe relief win-
dow. Thesesystemicmedicationsncludegabapentinalphalipoic acid, oral clonazepam,
and selective serotoninreuptakeinhibitors (SSRIs) (LopezD 6 a | e s & &stavicho
2011;Fischoff & Spivakovsky 2018; Aravindhanet al, 2014). However,a major draw-
back of thesemedicationsare the side effects,which caninclude dry mouth, insomnia,
skin rashesheadachesnemoryloss,joint and musclepain, depressionanxiety,andad-
diction (Shemet al., 2018; Faryaret al., 2019; Sobierajet al., 2019). Efficacy of these
treatmentsn BMS painreductionareinconsistenfandonly seemto work for a smallsub-
setof patients(HarvardHealth, 2018;Scalaet al., 2003;Marino et al., 2010; Maltsman
Tseikhinet al., 2007; Aravindhanet al., 2014).Insight of the role of the centralnervous
systemon pain processingcan direct the improvementof current pain management

treatmentsn BMS.



Similarities betweenBMS and other chronic pain syndromes

The characteristiof pain in the absenceof a noxiousstimulusfound in BMS is
also a definition usedfor centralizedpain syndromeswvhich occurdueto changesn the
central nervoussystemthat increaseperipheralinput in the absenceof stimuli (Eller-
Smith et al, 2018). Like BMS, severalcentralizedpain syndromesare considereddio-
pathic in nature(Diatchenkoet al, 2006) Theseinclude classicaltrigeminal neuralgia,
temporomandibulajoint disorder, fibromyalgia, and migraine to name a few (Eller-
Smithetal, 2018 Maarbjergetal, 2017)

Trigeminal neuralgiais the closestin presentatiorof symptomsto BMS. In tri-
geminal neuralgiapatientsexperiencerecurrentintenseelectricshocklike piercing or
stabbingpain in the orofacial region (Maarbjerget al, 2017; Renton,2020. Similar to
BMS it is idiopathicin nature,althaughresearcherbelievethat dentalwork, or accidents
to the orofacialregioncanprecipitatethe onsetof symptomgRenton,2020) However,in
contrastwith BMS, we know that the causeof the pain arisesfrom irritation to the tri-
geminalnervetriggeredby talking, chewing,or any light touchto the orofacial region
(Maarbjergetal, 2017).

Unlike BMS, temporomandibuladisorder (TMD) is not only characterizedy
jaw pain but also by difficulty moving the jamusclegSlade et al, 2013 & 2016\ddi-
tionally, the cause for TNd although unclear point towarg®tentialinjury to the oroé-
cial regiondue toclenchng, grinding of the teethor physical trauma to the orofacialr
gion (Gauer & Semidey, 2018hrbach& Dworkin, 2016) It is alsoknownto be assoé
atedwith comorbiditiessuchas migraine, chronic headachedjbromyalgia, depression,

andanxiety(Costaet al, 2017;Nazeriet al, 2018)



Fibromyalgiais characterizedby widespreagainthatarisesspontaneouslhn any
region of the body but that preents regularly in no specific pattern after its onset
(UnderstandingFibromyalgia 2008. It is known to be associatedvith comorbidities
such as irritable bowel syndrome, migraines,rheumatoid arthritis and systemic lupus
erythematosyshypothyroidism,depression,and anxiety (UnderstandingFibromyalgia,
2008) Like BMS, what causesthe onsetof fioromyalgia is not known. However, the
major differenceis that BMS specificallypresentsn the mouth.It would be beneficialto
determinewhat brain regionscoud trigger suchdifferentiationin which region of the
bodypainis experienced.

Aside from the poor quality of life, with centralizedpain syndromegatientsoftenre-
port morethanone pain syndrome.Suchcomorbiditiesinclude migraines,chronic heal-
aches, andincreasedisk for other conditionssuchas anxiety, depressioninsomnia,fa-
tigue (Nicholson& Verma, 2004. Combined,all of theseimplicate the hypothalamie
pituitary-adrenalaxis which is involved in the stressresponseof an individual and thus
we will exploretheinvolvementof the hypothalamusn subsequenthaptergEller-Smith
etal, 2018)

Reviewof literature

The mandibularbranchof the trigeminal nerveis the site that would directly af-
fect the mucousmembranef the mouthandthetip andanteriortwo-thirds of the tongue
(Nagleretal., 2004;Benningeret al., 2013; Dahiyaet al., 2013; Aravindhanet al., 2014;
Van der Cruyssen& Politis, 2018) Sensoryafferentsfrom the mandibularbranchrelay
pain and temperaturestimuli to the trigeminal ganglionto the medullaoblongatain the

brainstemand secondaryneuronsrelay the signalto the ventromediakthalamus(Kim et



al, 1986,Bushnellet al., 199). Severalstudieshaveassessedolecularcomponentsnd
epithelialaspectf the tongwe in BMS. Jaaskeldineet al usedelectrophysiologicaéx-
aminationof the trigemino-facial systemto testwhetherBMS is a neuropathigain con-
dition (Jaaskelainemt al., 1997).Blink reflex andjaw reflex of 11 BMS patientsand 10
healthy participantswere assessedb test motor function of the trigeminal nerveand a
needleEMG examinatiorof the facial and masticatorymusclesvasperformedin the pa-
tientswith abnormalitiesn the BR recordings(Jaaskelaineet al., 1997). BMS patients
had normal jaw reflexes, normal blink reflex latencies,and normal EMG results (Ja-
askelaineretal., 1997).BMS patientshad higherstimulusthresholdgor the tactile com-
ponentsandnon-nociceptivecomponent®f the blink reflex whencomparedwith healthy
participants(Ja&kelainenet al., 1997). They concludedthat the blink reflex abnormait
tieswererelatedto longerdiseasaluration(Jaaskeldineet al., 1997). Anotherstudy, by
Gao et al, stimulatedthe tongue using electroneuromyographyo measuretrigem-
nal somatosermy evokedpotentialsof 22 BMS patientswith pain, 10 BMS patientswith
numbnessand 6 healthyparticipants(Gao et al., 2000). They found that pain thresholds
werelower in the BMS with paingroupwhencomparedo healthyparticipants.Theyal-
so foundthat the BMS with numbnesgrouphadhigherpainthresholdsjongerlatencies
and later spike potentialswhen comparedto healthy participants.They concludedthat
t h e highérservesensitivityin BMS with pain group and partial or completenerve
blockagein the BMS with numbnesgroup. In addition,Lauria et al used3mm biopsies
of the tip of the tongueof 12 BMS patients(Lauria et al., 2005) They performedim-
munohistochemicabnd confocal microscopeco-localization analysis of markers for

pathologicaldifferencessuchas density of epithelial nerve fibers, cytoplasmatic,cyto-



skeletric,Schwanncell, and myelin in BMS patientscomparedo 9 healthyparticipants
(Lauria et al., 2005) The densityof epithelialnervefibers was quantified(Lauria et al.,
2005) Theyfoundthat BMS patientshadlower densityof epithelialnervefibersandep-
thelial and subpapillary morphological changesassociatedwith axonal degeneration
(Lauriaet al., 2005) Theyconcludedhattrigeminalsmaltfiber neuropathycausesurn-
ing mouth syndrome(Lauria et al., 2005). A supportingpublication by Yilmaz et al.
comparedbaselineand posttopical capsaicinscoreandtonguebiopsiesto further unde-
standBMS (Yilmaz etal., 2007).Theyused10 BMS patientsand 10 Healthyparticipants
and found that there were less nerve fibers penetratingthe tongue epithelium, more
TRPV1 positive fibers, more NGF fibers, and a significant correlationbetweenbaseline
scoreand the pain scoreafter capsaicinexposurein BMS (Yilmaz et al., 2007). They
concludedthat BMS is a trigeminal small fiber neuropathyand that TRPV1 and NGF
blockersmay be a potentialtreatmentfor BMS (Yilmaz et al., 2007).In contrastEliav et
al. analyzedelectrictaste(electrogustatometriest), electric detectionthreshold (usinga
neurometer)and density of fungiform papillaein 22 BMS patientsand 14 secondary
BMS patients(Eliav et al., 2007). Electrical tastethresholdis associatedvith chorda
tympaninervefunction andelectricaldetectionthresholdsare associged with trigeminal
nerve function. They found that BMS patientshad higher tastedetectionthresholdsbut
no differencein fungiform papillaedensitywhencomparedo 20 healthyparticipantsand
secondaryBMS (Eliav et al., 2007). They concludedthat chorda tympani nerve hypo-
functionplays a role in BMS pathophysiology(Eliav et al., 2007). NasriHeir et al. re-
peatedthis test with 25 BMS patientsand 20 Healthy participantsand had the same

methodsfindings,andconclusiongNasriHeir et al., 2011).However,theyaddedanal/-



sis of fungiform papillae density using a digital camera.They found no differencesin
fungiform paipillaedensitybetweerBMS patientsandhealthyparticipantsNasriHeir et
al., 2011). A differing opinion from Wandeuret al. assessd oral epithelial cells of 20
BMS patientsvia oral smearsusing liquid-basedexfoliative cytology (Wandeuret al.,
2011).Theyfound morphologicallynormalepithelialcells in bothBMS andhealthypar-
ticipants (Wandeuret al., 2011). However,there were more nucleatedcells, less cyto-
plasmic area,and bigger nucleusto cytoplasmratio in BMS patients(Wandeuret al.,
2011). They concludedthat epithelial atrophy contributesto oral discomfortin BMS
(Wandeuretal., 2011). Similarly, a follow up studyby Sardellaet al. usedSmmbiopsies
of the anterioror lateralpart of the tongueof 10 BMS and 9 Healthy participantsto ex-
amine keratinocytesof the oral mucosainvolved in forming tight junctions with the
nervesof the tongue(Sardellaet al., 2012). They did not find any changego oral bi-
omarkersof basaland suprabasakeratinocytedifferentiationandadhesionandno ap-
tosisin the tissuesampled(Sardellaet al., 2012). Instead they found more labelling of
keratinocytemarkerin spinouskeratinocye cytoplasmwhich they explainis inducedin
responseo injury (Sardellaet al., 2012).In addition,CamacheAlonso et al. analyzedhe
numberof fungiform papillaein 19mnf areaof the anteriortip of the tongueof 20 BMS
participantsusing a camera(CamacheAlonso et al., 2012). The group found no differ-
encesn fungiform densityin BMS whencomparedo 20 healthyparticipant§ Camache
Alonso et al., 2012).However,they found the BMS patientshad higher fungiform papi-
lae densitythantheir 20 dry mouth (xerostomia)patients(CamacheAlonso et al., 2012).

Takentogether thereis evidenceof abnormalsensoryprocessingn BMS, but resultsof



orofacialnerveandepithelialchangesiueto BMS arevery mixed, likely owing to small
samplesizes.

Quantitative Sensoryl estingBurning Mouth Syndrome

The specificity of BMS symptomdeadsto the assumptiorthat painandtempea-
ture sensonyafferentsof therestof bodyareleft intactgiventhatthe signalingpathwayis
slightly different from the body. In contrast to orofacialpain signaling,sensoryafferents
from the upperextremitiessuchasthe forearmsprojecttheir painandtemperatureignals
from the musculocutaneouserveto the cervicalsegment<5 and C6 of the spinalcord
where secondaryneuronsproject to the ventroposteriolaterahalamus(Besleageet al.,
2010;Al-Chalabi& Gupta,2019).However,the claimthatBMS is neuropathigyivesthe
assumptiorthat only the mouthis affectedby the syndrome and not the restof the body
(Albugquergueet al., 2006; Khanet al., 2014; Watanabeet al., 2018; Kolkka et al., 2019;
Immamuraet al., 2019. Sensoryfunction can be determinedpsychophysicallyusing
guantitativesensorytesting(QST). This norrinvasivemethodcanbe usedin any part of
the body. QST of the orofacialregionof BMS patientscomparedo healthyparticipants
hasbeencomparedn severalstudies.Grushkaet al. testedtactile, two-point discrimina-
tion, thermalchangedetectionheatpainthresholdswarmthscaling,andheatpaintoler-
anceand found no differencesbetweengroupsexceptfor lower pain toleranceof the
tonguein BMS whencomparedo healthyparticipantg Grushkaet al., 1987). Theycon-
cludedthat BMS pathophysiologys dueto specificchangesn their peripheralor central
sensoy functions(Grushkaet al., 1987).However,Kaplanet al. found no significantdif-
ferencesin thermaland pain thresholdsof BMS whencomparedo healthyparticipants

(Kaplan et al., 2011). They concludedthat BMS is not a true small nerve neuropathy
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(Kaplan et al., 2011).In contrast,Mo et al. found that on the tonguecold detectionwas
lower, warnth detectionwas higher, and heatpain thresholdwas higherin BMS when
comparedo healthyparticipantgMo et al. 2015).Therewerealsono differencesn pres-
sure pain thresholdsbetweengroups(Mo et al. 2015). They concludedthat therewasa
lossof thermalfunctionandno lossof mechanicafunctionin BMS (Mo et al. 2015).0n
the other hand, Watanabeet al. found higher mechanicaldetectionthresholdsin the
tongueof BMS patientswith longer diseasedurationwhencomparedo healthypartia-

pants(Watanabeet al. 2018). They concludedmechanicalossof functionin BMS is re-
lated to diseaseduration(Watanabeet al. 2018).In contrast,Yang et al. 2019 shoved
mixed somatosensorgbnormalitiesn BMS with thermaland mechanicalossor gain of
function of the tonguerepresentedby lower or higher cold detectionthreshold,warmth
detectionthreshold,thermalsensorylimen, paradoxicaheatsensationcold pain thre$-

old, heat pain threshold, mechanicalpain threshold,wind-up ratio, and pressurepain
thresholdwhencomparedo healthyparticipantgYanget al. 2019). Theyconcludedhat
thereis impairednociceptiveprocessingn BMS (Yang et al. 2019). Thus, althoughone
might expect BMS to display altered thermal pain responsesprevious studies have
shownconflicting results.QST of otherbody regions,suchasleg and arm extremities,
were found to also yield conflicting resultswith somereporting higher (Hondaet al.,
2019), lower (Watanabeet al., 2018), and even equal (Yang et al., 2019) heat pain
thresholdsn BMS patientscomparedo healthyparticipants.

ImagingBurning Mouth Syndrome

With noninvasiveimagingtechniquesuchasfunctionalmagneticresonanceim-

aging (fMRI), we caninvestigatethe structureandfunction of the brain. Imagingstudies
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haveshownthat chronicpain canleadto anatomicalnd functionalchangesf the brain
regionsassociatedvith the limbic, sensoryandcognitive systemsMostcommonlyact-
vatedregionsduring noxiousstimulationincludethe primary somatosensorgortex(S1),
secondarysomatosensorgortex(S2), anteriorcingulatecortex (ACC), insula, prefrontal
cortex(PFC),thalamusandcerebelluniLi, 2018; Kim & Kim, 2016).

Other regionshave also beenassociatedvith pain perceptionand chronic pain
conditions.For example the dorsolateraprefrontalcortex(DLPFC) is knownto be as®-
ciatedwith attention,working memory(Siddiquiet al., 2008) However,in fiboromyalgia
and trigeminal neuralgia,the DLPFC is smallerin structurewhen comparedo healthy
participants(Lorenz et al., 2003; Freundet al., 2009; Seminowicz& Moayedi, 2017).
Additionally, when stimulated using a technique called transcranialstimulation the
DLPFC inducesanalgesian acuteand chronic pain patients(Fierro et al, 2010; Lefau-
cheuret al, 2014;Umezakiet al, 2016;Moissetet al, 2016;Nardoneet al, 2017;De Mar-
tino etal, 2019 Seminowiczet al, 2018. Anotherregioncalledthe inferior tenporal gy-
rus (ITG) is involved in language semanticmemoryprocessingyisual perception,and
multimodalsensoryintegration(Straubeet al, 2011;Willens et al, 2007,2009;Zhaoet al,
2018) It hasalsobeenfoundto be smallerin structurein trigeminal neuralgiapatients;
the smallerthe structurethe higherthe pain intensity and the longer the durationof tri-
geminalneuralgia(Wanget al, 2017).The parabrachiahucleus(PBN) is involved in the
relay of tasteand temperaturanformationto the brain but hasalso beenimplicatedin
neuropathigpain (Scott& Small, 2009; Palmiter,2018; Nakamura, 2018 Chiang, et al,
2019;Asanoetal, 2019;Huanget al, 2019;Uddin et al., 2018;Kato et al, 2018;Willis &

Westlund,1997;Besteret al., 1995) It hasbeen shownto beinvolvedin neuroendocrine
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adaptation®f noxiouseventsaswell asincreasan activity during heatpain stimulation
(Besteret al., 1995 Stromanet al., 2018) Thus, we shouldnot discountregionsoutside
of the painmatrix to potentiallybe involved in BMS becauseheycould indicateaspects
of the pathophysiologythat could differentiateit from other chronic pain conditions.
Therefore,we will explorethe entirebrainin our analysisof BMS patientsto ensurewe

haveall theinformationneededo understandhe syndrome.

In orderto determinethe brain mechanism®f BMS, severalstudieshaveturned
to neuroimagingsuchas PositronEmissionTomography(PET) andfunctionalMagnetic
Resonancémaging (fMRI) to find answersPET is an invasive neuroimagingechnique
in which a radioactivesubstances injectedinto an individual and usedto visualizeand
measurehe metabolisnof a givenmoleculein the cellswithin bodytissuegFraioli et al,
2014).Jaaskelaineet al. usedpositronemissiontomography(PET) on 10 BMS patients
to determinethe role of the dopaminergicsystemin BMS (Jaaskelainert al., 2001)
They analyzedthe presynaptiauptakeof 6-[18]Fluorodopa(FDOPA) to measurestriatal
dopaminergicfunction (Jaaskeldineret al., 2001) They found that in the putamenof
BMS patientstherewas lower striatal FDOPA uptakeindicating lower inhibition of do-
paminergigpathwayandthe involvementof the nigrostriataldopaminergicsystemin pain
(Jaaskelaineet al., 2001). A follow up studyby Hagelberget al. usedPET imagingto
look at dopaminereceptordD1 andD2 ratio andbindingin the striatum(Hagelberget al.,
2003). They found more D2 receptorbinding and uptake in the putamenand lower
D1/D2ratio (Hagelberget al., 2003).Theycondudedthat BMS patientshavea declinein

endogenouslopaminelevelsin the putamen(Hagelberget al., 2003) The caveatof PET
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imagingis that it exposeghe patientandthe medicalstaff to radiation(Lakhanpalet al
2018.

Unlike PET, fMRI is noninvasive anddoesnot exposethe patientor the medical
staffto radiation.Insteadof a radioactivelabel fMRI takesadvantagef the paramagne
ic propertiesof deoxygenatechemoglobinin the blood (Buxton, 2013; Glover, 2011).
More specifically,with fMRI we canmeasuresignalscalledthe Blood Oxygenatiorn_ev-
el Dependensignalor BOLD activity which measureshe metabolicdemandof active
neurons(Buxton, 2013 Glover, 2011). During increasedneuralactivity thereis an in-
creasdn cerebrablood flow whichin turn creats a changein theratio of oxygenatedo
deoxygenatedhemoglobinin the blood of the regionsbeingusedat restor during a cer-
tain task (Buxton, 2013; Glover, 2011) Thus, by tracking this ratio we can indirecty
measureneuronalactivity (Buxton, 2013; Glover, 2011) Albuquerqueet al usedfunc-
tional MRI to look at BOLD activity after trigeminalnerveexposureo noxiousheatin 8
BMS patients(Albuquerqueet al., 2006). Theyfound that BMS patientshad moreactivi-
ty in theright anteriorcingulatecortexandbilateralprecuneusut lessactivity in the bi-
lateralthalamusyight middle frontal gyrus, right pre-centralgyrus,left lingual gyrus,and
cerebellum(Albuquerqueet al., 2006). They concludedthat BMS had similar activation
patternsasotherneuropathiconditionsandthat hypoactivityof the brainis characteristic
of BMS pathophysiology(Albuquerqueet al., 2006). Khan et al. comparedgrey matter
volumebetweer® BMS patientsand9 healthycontrolsusingvoxel basedmorphometry
(Khanet al., 2014).The studyreportedthat comparedo healthycontrols,BMS patients
hadlower GMV in the medialprefrontalcortexan areaknownfor decisionmaking,short

term memory,working memory,socialcognition,executivecontrol(Bechareaet al, 199,
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Ridderinkhofet al., 2004; Seamant al., 1995). The studyalsoreportedthatin healthy
participants BMS patientshad higherGMV in the hippocampusnareaknownfor long-
termmemory,spatialnavigation,andlearning( O 6 K €199®; A&ypub etal, 2019 Addis,
2011;Fanselov & Dong,2010).Theyconcludedhat medialprefrontalcortexandhippo-
campusareassociatedavith depressiomn BMS (Khanetal.,2014;0 06 K e #9900 Addi-
tionally, Shinozakiet al. showedthat repeategain stimulationto the lower lip wasas®-
ciatedwith habituationof brain activity of the cingulatecortexwith pain intensitybeing
correlatedwith brain hypo-activity in BMS patientswhencomparedo healthycontrols
(Shinozakiet al. 2016).Overall, it has been reported that BMSigats have hypoactivity
of brain areas such as the thalamus, precuneus, primary somatosensory cortexuand cing
late cortex during pain task€d@staet al, 2007; Kohashiet al, 2020; Shinozakiet al,
2016;Yoshinoetal, 2017;Albuquerqueet al, 2006.
Overview of dissertation

In summary,manytheorieshavedevelopedwith regardso BMS pathophysiad-
gy. Someresearcherbelievethatthereis abnormainteractionbetweerthe sensoryfunc-
tions of facial andtrigeminalnervesin BMS. Othershavefound sensorydysfunctionas-
sociatedwith trigeminal neuropathy Additionally somefound hypofunctionof the do-
paminergicpathwayin BMS. Overall, thereis consensushat BMS is a neuropathigain
conditionandit seemghatboththe peripheralandthe centralnervoussystemsareaffed-
edin BMS.

Norrinvasive testing techniques such as quantitative sensory testing or functional
neuroimaging can direct our current approaches of BMS pain management. Sawveral ne

roimagingstudieshave shown that the brain undergoes strutturd functional plasticity
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in chronic pain (Khan et al., 2014; Aravindhan et al., 2014; Davis, Zdder & Flor,

2016; Mansour et al, 2014; Li, 2018; Kim & Kim, 2Ql16-ortunately, emerging data
suggest that these brain changes can be reversiblesadsssful pain treatmerthang

etal, 2020;Kucyi & Davis,2016;McCarberg& Peppin,2019;Zanibonietal, 2018;Li et

al, 2014. However, current knowledge about what structural and functional changes may
occur in the brain of a BMS sufferer is very iied. MeasuringBOLD activity in BMS

allows us to determinerhat locations of the brain are activated during a {asidquist,

2015. We canthen construct a map of the brain regions associated with certain tasks
(Lindquist,2015. However,out of 10 neuwnimaging studies in BM$} of them looked at

brain activationsand only 2 looked atfunctional brain connectivity(Costaet al, 2007;
Kohashiet al, 2020; Tan et al, 2019; Lee et al, 2019; Wadaet al, 2017; Sinding et al,

2016; Khan et al, 2014; Shinozakiet al, 2016; Yoshino et al, 2017; Albuguerqueet al,

2009. A gap in the field is the lack of knowledge of how these brain regions interact with
each other. If we are able to determine these relationship patterns we can better address
potential mechanismef BMS pathophysiology. Wean nortinvasively investigatethe
crosstalk betweenbrain regionsusing functional connectivity in orderto make stae-
mentsaboutthe relationshipsamongbrain regionsby analyzingthe synchronizedneu-
ronalactivity of two or more brainregionsaffectedin BMS (Fukunageet al., 2008; Liu,
2013;Gayetal, 2014;Lindquist,2015 Taketal., 2015.

The overall goal of this dissertation projeegas to investigate how BMS affects

painrelated central nervous system (CNS) mechanibynsising quantitative sensory
testingof the orofacial region and the body as welbgseuroimagingof structue and

functional connectivity of the braiherefore we aimedto capturewhetherBMS suffe-
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ers processface and body pain differently from healthy peopleas well as determine
whetherdifferencesin functional connectivityare associatedwith anxiety Each subg-
guentchapteris partof anaim that offers new informationwith regardso how BMS pa-
tientsreactto thermalandnoxiousstimuli or lack thereof.
Specific Aims of Dissertation
Aim 1: Determine how ongoingorofacial pain affectsacute pain in BMS

The literature shows mixed results in terms of QST. We believe that this variation
in findings is due to the lack of consideration of timingpain in BMS as the day
progresses. It is possible that the intensity of BMS pain at the time of testing could be the
main culprit. Therefore, we obtained morning (ptee state) and afternoon (pdirl
state) QST data from our BMS type | patients tanpare to healthy participantg/e
hypothesized that, compared to healthy participaBt8lS patients havéigher pain
sensitivity, especially in orofacial regiodsiring the afternoon.
Predicted results, interpretations: We predictthatarmandface HPTswill belower in
the patientgroupthanin the healthygroup. This would suggesthat BMS affectsacute
temperaturgoain perceptionof the body. Furthermorewe predictthat PPTswill not be
different betweenpatientand healthycontrol groups.Otherwise this would suggesthat
BMS also affectsacutemechanoreceptaignalingand further testingis necessaryWe
also predict that BMS patientshave higher pain ratingsat all temperaturesvhen com-
paredto healthycontrols.This would suggesthatBMS decreasethermalsomatosensory
perceptiorof the body. This could supportthatthetypically non-painful oraltemperature
is perceivedaspainful in BMS but further orofacialtestingis necessaryAll thesediffer-

encesare expectedo be more prominentwhenBMS patientsaretestedin the afternoon
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comparedto morning. Healthy controlsare not expectedto show a differencebetween
morningandafternoontestingsessionsChapter2 is anoverviewof the resultsof quant-
tative sensorytestingof the orofacialregionandthe forearmto understandvhetherBMS
participantseactdifferently thanhealthyparticipants.
Aim 2: Determine how BMS affects grey matter volume and resting functional
connectivity of brain regionsin nociceptivepathways

Becausechronic pain is known to alter structureand function of the brain, we
believe that BMS will also alter the brain. To ensurewe obtain all the information
possiblewe examinedhe entire brain structurewith the expectatiorthatregionsfoundto
be different in structue will in turn also changehow the brain communicatedetween
regions. Thus we followed up by using those structurally different brain regions to
examinefunctionalchangesn the brain. Wehypothesizethat therewould be lower grey
matter volumein nociceptivepathwaysassociatedvith noxiousheat mediationsuchas
the anterior cingulate, insula, Sll, and thalamus in BMS compared to healthy
participants.Wealso hypothesizethat BMSindividuals would havehigher resting state
functional connectivityof the regionsfoundto be structurally differentin BMS (from
previoushypothesis}o regionsinvolvedin pain processingsuchas the cingulatecortex,
periagueductagrey, S1,insulaandthalamicnuclei.
Predicted results and interpretations: We predict that the BMS groupwill have low
brain volume in regionsassociatedvith pain circuitry in our VBM analysesWe also
predictthatthe BMS groupwill havehigherbrainconnectivityexplainto insula, cingu-

late cortex,S1,thalamicnuclei. Chapter3 showsthe structuralabnormalitiefoundin our
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BMS sampleand chapter4 showsthe brain representatiof painin BMS while at rest

whenno stimulationis given.

Aim 3: To determine how BMS affects functional connectivity of brain in response
to evokedpain

We warted to explore how the BMS brain behavesduring evoked pain. We
believethat sincechronicpain createdunctionalchangesn the brain, BMS will change
how the brain communicatesluring evokedpain. Therefore we hypothesizedhat BMS
individuals would have higher brain functional connectivity betweenthe structurally
differentregionsfrom aim 2 to regionsinvolvedin pain processingsuchasthe cingulate
cortex,periaqueductabrey, S1,insulaandthalamicnucleiduring thermalpain exposure
to theforearm.

Predicted results and interpretations: We predictthatthe BMS groupwill havehigher
brain connectivityin brainregionsactivatedduring noxiousheatsuchascingulate,insu-
la, and SI andwill havehigh connectivitywith the lateralnucleusof the hypothalamus.
Chapter5 showsthe brainrepresentationf evokedthermalpainin BMS.

Aim 4: To determine how anxiety affectsBMS individuals during pain.

BecauseBMS patientstendto alsohavehigh anxietywe wantto explorewhether
our results from our previous aims are relatedto anxiety. We hypothesizethat high
anxiety healthy participants will have higher resting state connectivity betweenthe
structurally differentregionsfrom aim 2 to regionsassociatedwith negativeaffectsuch
as the amygdalaand insula comparedto no anxiety healthy participants. We further

hypothesizeghat BMS patientswill have higher functional connectivity betweenpain

19



circuitry region® such as S1, cingulate cortex, periaqueductalgrey, and thalamu$
comparedo high-anxietyhealthyparticipants.

Predicted results and interpretations: We predictthathigh anxietyhealthyparticipants
will havehigherfunctionalconnectivitybetweerthe hypothalamusndthe cingulatecor-
tex, thalamus,and periaqueductafirey in the high anxietyvs no anxiety healthypartia-
pant comparisonWe also predict that both high anxiety participantsand BMS partia-
pants have higher functional connectivity betweenthe hypothalamusand the insula,
amygdala,and areasassociatedvith negativeaffect. Chapter6é showsour resultsof the

brainrepresentationsf anxietyin relationto BMS atrest.
Broader impact of Dissertation

This study was the first time extensivequantitative sensorytesting (QST) was
obtained from BMS participants alongside functional Magndic Resonancemaging
(fMRI) data collection. This proposalwill alsoprovideevidenceof how BMS influences
structuraland functional brain changesin BMS patients. Additionally, this proposal
would inform how BMS influencespain perceptionFurthermorepeingableto separate
the pain experiencefrom anxiety driven brain alterationswill be useful in further
understandinghe signaling pathwaysthat take place in BMS and other chronic pain
diseasedeavily influencedby anxiety. Chapter7 closeswith future directionsandties

togetherthe broademictureof the resultsfrom eachpreviouschapter.
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Chapter 2: Quantitative SensoryTesting of BMS
Introduction

Burning Mouth Syndrome (BMS) is a chronic orofacial pain condition that
mainly affects postmeropausal womeGrushka,1987;Lipton et al., 1993;Bergdahl&
Bergdahl,2007; Albuquerqueet al. 2006; Rivinius, 2009; Dahiyaet al. 2013) The most
prevalent symptom of BMS is burning pain in the oral mucosa including the palate,
inside lip, and the tip rad anterior twethirds of the tongue (Lamey, 1996; Abetz &
Savage, 2009). However, the affected area of the oral mucosa is clinically normal
(Lamey, 1996; Abetz & Savage, 2009). Therefore, in the absence of clear pathology in
the oral mucosa, central mecimms have been suggested to, at least in part, explain the
spontaneous burning pain of BMS and the presence of paother body regions
(Cheung & Trudgill, 2015Jaaskeldaine& Woda, 2017 Lee et al, 2019).

Somatosensory functions in people affected BMS can be determined
psychophysically using quantitative sensory testing (QSWIad@riaga, Tanaka, &
Ernberg, 20200 Previous QST studies have reported mixed results with some reporting
BMS patients have increased sensitivity of the orofacial regitimetonal stimuli relative
to healthy participant@able 1)(Grushka et al., 1987; Kaplan et al., 2000 et al. 2015;

Yang et al. 2019Honda et al., 2019Vatanabe et al. 20)19et lower sensitivity of the
orofacial region to thermal stimuli compared healthy participants in other studies
(Madariaga, Tanaka, & Ernberg, 2020). However, QST studies outside the orofacial
region in BMS patients, such as leg and arm extremities, report mixed results, including
higher (Honda et al., 2019), lower (Watanabalgt2019), and nediffering (Yang et al.,

2019) heat pain thresholds compared to healthy participants.
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Orofacial or | Temp or warm cold heat mechanical | Mechanical
body pressure? pain detection
sensitivity threshold
Grushka et .
al, 1987 orofacial temp N/A N/A l N/A N/A
Kaplan et .
al, 2011 orafacial temp N/A N/A - N/A N/A
Mo et al, .
2015 orofacial both T l T N/A
T body T tongue
Watanabe both both N/A N/A Lbody | (<Bmonths | o hins
etal, 2019 BMS)
BMS)
Yang et al, 1 face
5019 both both T face T face  body | face T face
HO”;; o a1 pody temp N/A N/A t body N/A N/A

Table 1:Literature review findingsBMS higher than healthy BMSlower than healthy
'no difference betweegroups.

These conflicting extririgeminal QST findings could be due to the cyclical
nature of spontaneous pain in BMShgung & Trudgill, 201p Therefore we focus on
BMS type | because patients experience little to no pain in the morning and as the day
progresses their pain increases peaking in the aftern@onef/, 1996 Abetz & Savage,
2009). Thus, if spontaneous pain is related to changes in seimitizae would expect
different QST results at different times of the day in BMS type |. However, this temporal
evaluation of somatosensory responses in BMS type | remains unknown.

In the current studywe examined psychophysical responses to thermal and
pressure stimuli on th&ace and forearnmn the morning and afternoon in BM$pe |
patients and healthy participants to address how time of day affects somatosensory
responses in BMS type We also collected pain diaries from BMS patients across eight

days to illustrate the cyclical nature of pain in this BMS sampl& hypothesized that
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compared to healthy participanBMS patients havdigher pain sensitivity, specific to
the orofacial regiongjuring the afternoon.

Methods

Overview of data collection

All research procedures were granted approval by the Institutional Review Board
of the University of Maryland, Baltimore. Three groups were used for analysis.

BMS participants were asked to complete a-tlay experimental session e
prised of 3 days of paidiaries followed by test day 1, and test day 2 culminating with 3
more days of pain diaries. We required visit 2 to be within 9 days after visit 1. An option
of a oneday experimental session was offered in order to reduce scheduling conflicts and
increase enroliment. The orday experimental session comprised of 3 days of pain di
ries followed by test day 1, and culminating with 4 more days of pain diaries.

Participants

Recruitment criteria

BMS patients were recruited following diagnosis at the Oral MediProgram at
the University of Maryland School of Dentistry (led by TFM), where complete dental and
oral health examinations were performed. A working diagnosis of BMS was based on a
chief complaint of pain or burning in the oral mucosa and/or tongaiexaiusion of dt-
er known causes of oral burnitige pain. If BMS patients were taking topical meatc
tions or in the transition of weaning off a systemic medication, to start a new one, we
asked them to come in when they had completely weaned off ahédécations and

would test them prior to their transition into a new medication regimen.
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Additionally, all healthy controls were recruited through campige flyer al-
vertisement and were free of any chronic pain conditions, psychiatric iliness, |daai ora
systemic disease, and salivary dysfunction

Exclusion criteria for all studiessubjects unable or refusing to sign consent for
any part of the testing; any chronic pain conditions; claustrophobia; pacemaker; weight
over 300 Ibs; daily regimen of @gtes; excessive alcohol use as measured on the AUDIT
(Saunders et al., 1993); on hormone replacement therapy within the last 30 days. For
BMS cohorts, if participants were on a systemic medication regimen they were excluded.
Enrollment

Informed consentvas obtained from each participant according to the Declaration
of Helsinki. Altogether, we enrolled 51 total postr peri menopausal female paitic

pants: 18 BMS p&nts and 33 healthy controlafie?2).

All .
Previous | Concurrent
postmenopausal Current study study study Group totals
women
healthy BMS healthy healthy Total Total
group 1 |group 1| group 2 group 3 healthy BMS
Number of 11 18 10 12 33 18
participants
Age (s.d) 60.8 60.6 54.9 52 55.7 61.3
ge (S (+8.8) (¥5.7) (x7.6) (¥3.78) (£7.66) (¥6.4)

Table 2:number of participants and age€'standard deviation.

The healthy control group consisted of datanfrthree separate studies: healthy
control group 1 (n=11) was enrolled in the current protocol with the BMS patients;
healthy control group 2 (r0) was obtained from a previous study from our laboratory

with identical methods for some of the QST proceduses healthy participant group 3
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(n=12) was concurrently run study in our laboratory with identical methods for some of
the QST procedures

BMS and control group 1 volunteers presented themselves for-dayvor a one
day experimental session. For tidtday experimental session, we randomized whether
a participant would experience a morning (AM) or an afternoon (PM) QST session on the
first day and on the second day participants were assigned the opposite time of day
(AM/PM) for QST testing. For exampl if a participant was given afternoon QST on the
first day, they would have QST in the morning of the second day. For participants who
could not commit to two testing days we offered a-dag experimental session, where
we randomized whether a participavould experience a morning or an afternoon QST
session.
Diaries

BMS patients were given andiay paper diary to track their oral burning pain i
tensity and unpleasantness. For the two day visit, they completed the diaries fer 3 co
secutive days prior tthe laboratory visit, during the two day visit, and for 3 consecutive
days after the visit. For the one day visit, they completed the diaries for 3 consecutive
days prior to the laboratory visit, during the one day visit, and for 4 consecutivefdays a
terthe visit. Participants were asked to rate their burning pain intensity on a scal®,0f 0

with O meaning o6nonedé and 10 meaning O6as

a scale of @ 0 , with O meaning O6énot bot hee-someb

somebd6, at Bpoimts: Viakeap, Hant, 2pm,i6pmeand bedtime each day.

Thermal testing
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Thermal heat and cold stimuli were delivered to the forearm and face via a 27mm
in diameter Medoc Pathway CHEPS Peltier thermode aktbatingrateof 70°C/€cand
a coolingrateof 40°C/sedPain & Sensory Evaluation System, Medoc AdvancediMed
cal Systems Ltd., Ramat Yishai, IspaefFour thermal tests where administered: three
tests on the forearm (temperature threshilievel, andfrating® ( not hergport ed
testing) and one test on the face (temperature threshold testing). The thermodeowas rep

sitioned along the forearm and cheek after each stimulus to avoid temporal summation.

Forearm temperature threshold testing

Participants received a watlndetection threshold (WDT) test, where therte
perature increased from a baseline temperature & a2 a rate of IC/sec until mouse
click. Then, they received a cool detection threshold (CDT) test, where the temperature
decreased from 3€ at a rate of IC/sec until mouse click. In both WDT and CDT, rpa
ticipants were asked to click the mouse when they first detected a change in temperature.
We then tested heat pain threshold (HPT), where temperature increased from 32°C at a
rate of 1.8C/sec until mouse clickarticipants were asked to press the mouse as soon as
the temperature first became painful. WDT, CDT, and HPT were each performed three
times and were calculated as the average temperature across the three trials.

Face Temperature threshold testing

Following the forearm temperature threshold testing procedures, particigants r
ceived WDT, CDT, and HPT tests with temperature stimuli presented three times for
each test as explained above; however this time the thermode was placed on the left
cheek. The tempature increased (WDT, HPT) or decreased (CDT) from a basefime te

perature of 3ZC at a rate of C/second until mouse click when they first detected a
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change in temperature (WDT, CDT) and as soon as the temperature first became painful
(HPT). WDT, CDT, ad HPT were each performed three times and were calculated as
the average temperature across the three trials.

Forearm levels testing

Subsequently, &1 evel s0o test was admiparticipante r e d
received a series of heat stimuli dele@rn ascending order of target temperature$; 35
35°, 39, 42°, 43, 45, 47, and 49C. We varied the ramp rates to each target teamper
ture in order to maintain the same ramp time of 1.6 seconds with each heat stimulus, from
the baseline temperature 82°C. Target temperatures were sustained for 6 seconds, so
the total heat stimulus duration including ramps was 9.2 seconds. A 20 second inter
stimulus interval between target temperatures allowed the participant to input their rating
for the presented tget temperature. Participants rated pain intensity on a numertcal ra
ing scale (NRSpf O (no pain) to 10 (extremely intense paamd pain unpleasantness on
an NRSof 0 (not bothersome) to 10 (extremely bothersome pain)

Subsequently, we averaged thetfpain intensity and unpleasantness ratings of the
first two temperature exposures {85and 35C) to obtain a single value for 35 and
leaving us with 7 total temperature exposures in the morning and afternoon (14

temperatures total). Next, wereated gain intensityT otal comparisortomprised othe

AM and PM pain intensity ratings averaged together to obtain a single value peraemper
ture (7 values total) per group (BMS vs healthy) (see statistical analyses section for more
details). The same proce@uwvas followed to create a pain unpleasantiiesal compa

ison per grouBMS vs healthy).We also created AN comparison the 7 temperature

stimulations in the AM are averaged together to get a single value per temperate (7 va
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ues total) per group (BBl vs healthy)The same procedure was followed to creaha

comparison per groufBMS vs healthy). Additionally, the same procedure was followed

to create arAM _comparisonand PM comparisorpain unpleasantness rating per group

(BMS vs healthy).
Pressurepain threshold testing
Bilateral pressure pain thresholds (PPT) were obtained using a Wagner Force Dial

tm FDK 20 /FDN Series Push Pull Force Gage pressure algometer (20 Ib x .25 Ib; 10 kg x
100 gr). Participants received pressure stimuli at four locadrihe body: left thumbs,
elbows, temporalis, and masseter muscles (repeated three times in that sequential order)
and then right thumbs, elbows, temporalis, and masseter muscles (repeated three times in
the listed sequential order). Participants wekedgo raise a hand when the pressure first
became painful and the pressure at that instant was recorded in kilograms.

As explained above, participants were presented with pressure a total of 6 times
(three times on the left and three times on the rigle of the face (temporalis and sna
seter) and extremities (thumbnail and elbow)). Subsequently, we created BoRPT
comparisoncomprised of the AM and PM 12 pressure exposures (left and right te
poralis) averaged together for each group (BMS vs healitig)created a PPAM com-
parisonthe six AM pressure exposures (left and right temporalis) averaged for each
group (BMS vs healthy). The same procedure was followed for the PM compargon. A

ditionally, we created a PPAM vs PM comparisomsing the six PP AM averages and

six PPT PM averages for each group (BMS vs healthy).

Statistical Analysis
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For each type of QST, the following four comparisons were perfortabte (3 and

table4): 1. Total comparisonMann-Whitney U testbetween groups (healthy vs BMS) o

the average of both time points (AM and PM). For these analyses, all participants in the

BMS and healthy groups were included, whether they had data from AM alone, PM

alone, or both AM and PM, in which case an average was take&xM Zomparison

MannWhitney U testbetween group analyses of data taken from each subject at the AM

time point. 3.PM comparisonMannWhitney U testbetween group analyses of datk-ta

en from each subject at the PM time pointA¥ vs PM comparisonWilcoxon signee

rank test vithin group analyses of AM and PM time points within BMS and healthy

. Arm thermal Face thermal Levels Levels -
Comparison . . Pressure . - Diaries
detection detection intensity unpleasantness
healthy | BMS |healthy | BMS | healthy | BMS | healthy | BMS | healthy | BMS BMS
Total 23 18 1" 18 1" 18 33 18 33 18 15
AM 16 18 9 18 9 18 15 18* 15* 18* 0
PM 17 16 8 16 8 16 16 16 16 16 0
AM vs PM 9 16 6 16 6 16 9 16 9 16 0

Table 3: number of participants in each test and comparis@presents exceptio
where number of participants was lower by one participant than stated in table
missingdata: at * AM levels intensity had an n=17 BMS at 47°C and at 49°C; at
Levels unpleasantness had an n=14 healthy and an n=16 BMS at 47°C; and

BMS at 45°C and 49°C.

groups. We also performed an area under the curve (AUC) with respect to groyrd anal

sis of pain intensity and unpleasantness ratings for the levels test. AUC was calculated

according to e literature following the same grouping as listed ali®reessner et al,
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Comparison type |Comparison name |[Description Statistical test

Between group Total [AM + PM of BMS] vs [AM + PM of Healthy] | Mann-Whitney U test
Between group AM AM of BMS vs AM of Healthy Mann-Whitney U test
Between group PM PM of BMS vs PM of Healthy Mann-Whitney U test

Lo AM BMS vs PM BMS - .
Within group AM vs PM Or AM Healthy vs PM Healthy ‘Wilcoxon signed-rank test

Table 4:comparisons and the statistical tests used

2003) Because of the small sample size in each grouppaocametric tests were Ipe
formed. Additionally, separate models were run due to the variation in sample size in
each group

Diaries: Mean, median, and range of BMS pain intensity ratings were reported for
each of the 8 days. A Friedman test was used to compare average pain intensity for 5 time
points in a day acr oss &ocdesatyos multifleocopaie we d by
sons. No diaries were collected from healthy participants as ratings of burning mouth
pain and unpleasantness were presumably zero and therefore no comparisons were made
for healthy participants.
Results
Demographics

All participants were perior pcst-menopausal women. BMS participants had an

age range of 47 to 74 years (mean 61, SD * 6). Segengn percent of BMS pariic
pants were Caucasian, six percent African American, six percent Asian, and eleven pe
cent mixed race. Healthy participants lzadage range of 43 to 73 years (mean 56, SD *
8). Seventynine percent of healthy participants were Caucasian, seventeen pergent Afr

can American, and four percent Asian.
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Diaries

Pain intensity ratings of BMS patients were significantly higher as theuaa
gressed from wake to bedtimp<(Q.0001)(Figure ). Posthoc analyses revealed pain
intensity ratings increased from baseline by 3.3 at gp+0.0268), 3.6 at 6pifp<0.001)
and bedtimgp=0.0003) compared to wake tim@. addition, there were no sidizant
differences in pain intensity ratings across each individual time point and the 8 days of
diary recordings; for example, there was no significant difference in pain rating of wake

time across the 8 days, no significant difference at 9am across Sadiayso on.

Peak pain intensity during the day

107 * %k %k
9 * ok % K
8- k
: [ ]
M
7z 3
4 T : N *
3 -|- +
1. 1 1 T
17 1
0

wake 10am 2pm  6pm bedtime
Figure 1:Pain intensity ratings of BMS patients across 8 daiie. box spans the-
terquartile range, whiskers represent the full ramgeizontal line within each b
mark the median, and the + represents the mean. *p=0.02, ***p=Q.C4A4
**+%n<0.0001 compared to wakeNRS: numerical rating scale.
Thermal testing in BMS versus healthy participants
Warmth detection thresholds

Face: In theTotal comparisonBMS patients had significantly lower WDTs than

healthy participants by 22€ (p=0.0494) (figure 2). There were no significantafifnces
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in the AM _comparison PM comparisonor AM vs PM comparisorwithin or between

groups (figure 3).

Forearm: In thelotal comparisonBMS patients had significantly higher WDTs

compared to healthy participants by T8 p=0.0172) (figure 2). In thAM comparison

BMS patients had significantly higher WDTs compared to healthy participants 4y 1.3

(p=0.0113). There were no differences in BB comparisoror in theAM vs PM can-

parison
Healthy vs BMS face warm detection Healthy vs BMS face cold detection Healthy vs BMS face pain threshold
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Figure 2: Total comparisonof temperaturedetectionand pain thresholdin BMS pa-
tientscomparedo healthyparticipantsWDT, CDT, HPT are shownconsecutivelyin
orderof exposurdo the face(top) andforearm(bottom).*p<0.05and**p<0.005.

Cold detection thresholds

Face: BMS patients had no significantfetences in CDT compared to healthy

participants in thd otal comparisor{figure 2). There were no significant differences in

AM comparison PM comparisonor AM vs PM comparisorwithin or between groups

(figure 3).
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Forearm: In theTotal comparisonBMS patients had significantly lower CDTs

compared to healthy participants byC2(p=0.0021) (figure2). In theAM comparison

BMS patients had significantly lower CDTs compared to healthy participants B 1.9
(p=0.0096). In the PM comparison, BMS patientsl Isggnificantly lower CDTs cm-

pared to healthy participants by 1C7 (p=0.0397). In théAM vs PM comparison,here

were no differences within groups (figure 3).
Heat pain thresholds
Face: BMS patients had no significant difference in HPT comparedaithye

paticipants in theTotal comparisorf{figure 2). There were no significant differences in

AM comparison PM comparisonor AM vs PM comparisorwithin or between groups

(figure 3).

Forearm: BMS patients had no significant difference in HPT comparkdalthy

Morning vs Afternoon face warm detection Morning vs Afternoon face cold detection . . .
Morning vs Afternoon face pain detection
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Figure 3:Morning versus afternoon temperature detection and pain threshold in |

Batients and healthy participants. Face (top) and forearm (bottom) megs€e@5,
p<0.00.
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participants in th& otal comparisorffigure 2). In theAM comparison PM comparison

or AM vs PM comparisonthere were no significant differences within or between groups

(figure 3).
ALevel so forearm pain testisng BMS versus

In the Total comparisonBMS participants had significantly higher pain intensity

at 35°C by 2.583 pain ratings (p=0.0006), 39°C by 1.583 pain ratings (p=0.0386), 41°C

by 1.417 pain ratings (p=0.0412), 43°C by 3 pain ratings (p=0.0167), 45°C by tpain

Levels test intensity ratings Levels test unpleasantness ratings
101
101
9.
9-
8.
8-
7.
7.
6 ® Healthy
w o Healthy  BMS
€ s m BMS Zz 5
{4 %
n 4
3 3
2 l
1 17
0 T r r r r r - 0 T T T T T T T
I 3% 4 84 45 47 P9 35 3 41 43 45 471 4
Temperature (°C) Temperature (°C)
Levels intensity area under the curve comparison Levels unpleasantness area under the curve comparison
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Figure4: Total comparisorof fle v e foreadmresponse BMS patientsrelative to
healthyparticipants Averagedintensity(left) andunpleasantnegsight) responsegper
temperatureand the respectivestandarddeviation. The boxplot (bottom) showsthe
overall effect of healthyand BMS patientson pain intensity and unpleasantnesas
AUC. *p<0.05.***p=0.0006.
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ings (p=0.0146), 47°C by 2.75 pain ratings (p=0.0201) (figure 4). There were noe diffe

ences in the AUC for pain intensity or unpleasanti@sal comparison

In the PM comparisonBMS patrticipants had significantly higher pain intensity

ratings at 35°Qy 1.75 pain ratings (p=0.0206). There were no significant differences in

the AM comparisonnor in theAM vs PM comparisonThere were no differences in

AUC for AM comparisonPM comparisonor Am vs PM comparison

In addition, BMS had significantly higgr pain unpleasantness ratings at 35°C by

0.583 pain ratings (p=0.0112) in th®tal comparisonin the unpleasantness AUBM

AM vs PM levels test intensity ratings AM vs PM levels test unpleasantness ratings
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Figure5: Morning versusafternooniid v e foreabmresponsein BMS patientsand
healthyparticipants Averagedintensity(left) andunpleaantnesgright) responsegper
temperaturén the morning(AM) andafternoon(PM) andthe standarddeviation.The
boxplot (bottom) showsthe overall effect of healthyand BMS patientson pain inten-
sity andunpleasantness AUC.*p<0.05.
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Healthy vs BMS temporalis pressure pain threshold
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35
3.0

2.5

Pressure (kg)

2.0

+H

|.
I_

Healthy BMS

Figure 6:Total @mpari®n of pressure pain thresholds for face (top) and extrerr
(bottom) of BMS patients and healthy participants.

vs PM comparisorthere were no significant differences in between groups (figure 5).

Pressure testing in BMS versus healthy p#cipants

In the Total comparisonBMS patients had no significant differences in PPTs

compared to healthy participants (figure 6). In & vs PM comparisonBMS patients

had significantly lower PPTs of the masseter in the afternoon by 0.34kg (W=79,

p=0.0413) (figure 7). There were no significant differences in RRTcomparison PM

comparisorbetween groups.

Discussion
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