School of
Dental Medicine

Tufts

UNIVERSITY

SurfaceElectromyographic Changes in Response to Oral Orthotic Device Therapy in

Subjects with Masseter and Temporalis Muscle Pain

A Thesis
Presented to the Faculty of Tufts University School of Dental Medicine
in Partial Fulfilment of the Reqtements for the Degree of

Master of Science in Dental Research

by
Donavon Khosrow K. Aroni

December 2014



© 2014 Donavon Khosrow K. Aroni



THESIS COMMITTEE
Thesis Advisor
Noshir Mehta, D.M.D., M.S.
Asscaiate Dean for Global Relation, Professor
Department of Public Health and Community Service

Tufts University School of Dental Medicine

Committee Members
George Maloney, D.M.D., M.Ac.
Professor, Faculty
Craniofacial Pain Center

Tufts University School oDental Medicine

Eqgilius L.H. Spierings, M.D., Ph.D.
Consulting Neurologist & clinical professor
Craniofacial Rin Center

Tufts University School of Dental Medicine

Leopoldo L. Correa, B.D.S., M.S.
Associate professor, Diplomate AADSM
Craniofacial Pain €nter

Tufts University School of Dental Medicine

Tofool Alghanem, D.D.S., M.S.
Assistant Professor
Department of Public Health and Community Service

Tufts University School of Dental Medicine



ABSTRACT

Objectives. The purposeof this studywasto assesshe associatiorbetweenthe changein
muscleelectricalactivity of the masseteandtemporalismusclesat mandibulamrestposition
andthechangen thepainlevel,from pre-treatmento posttreatmentvith oral orthoticdevices

in patientswith temporonandibulardisorder TMD) of myogenousrigin.

Methods. In this prospectiveclinical trial, 26 subjectdmeanage36.5andSD 16.69 seeking
TMD treatmentwere selectedto participatein this study. Subjectswere diagnosedwith
asymmetricabilateral TMD of myogenou9rigin following DiagnosticCriteria (DC/TMD)
Axis I. Subjectsweretreatedfor 30 dayswith customfabricatedupperandlower, hardoral
orthoticdevicesmodified by creding uniform occlusalcontacts Thecustomfabricatedupper
devicewasdesignedvith minimizedposteriorocclusalcontactdo be usedduring sleep. The
lower customfabricateddevicealsowasdesignedvith balancegosteriorocclusalcontactgo
be usedduring the day (approximately2-3 hoursin the morning and 3-4 hoursin the
afternoon) SurfaceelectromyographysEMG) of bilateralmasseteandanteriortemporalis
musclesvasperformedbeforetreatmenandfour weeksafteroral orthoticdevicetherapy The
associatiorbetweenthe changein muscleelectricalactivity of the masseteandtemporalis
musclesat mandibularrest positionandthe changein the pain level, from pretreatmentto
posttreatmentwas assessed.The collecteddatawere statisticallyanalyzedusing a mixed

modelto determinethe associatiorbetweerchangesn painandchangesn muscleactivity.

Results. Therewasno significantassociatiorbetweerchangesn painandsEMGpreandpost

treatment.



Conclusion. Despitea noticeabledecreasein pain, SEMG findings of this study were not
supportiveof significantdifferencesn sEMG activity of masseteandtemporalismusclesof
patientswith asymmetricabilateralmyofascialpain.

Key words. Temporomandibular Disorder; Surface electromyography; Diagnostic criteria;

Myofascial pain
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SurfaceElectomyographic Changes in Response to Oral Orthotic Device Therapy in

Subjects with Masseter and Temporalis Muscle Pain



Introduction

Temporomandibuladisorder (TMD) is a complex and broad clinical term coveringa
heterogeneougroupof physicaldisordersof hardandsofttissuegjaw joint, bone, nerves,
ligaments fascia,and musclesXhat preventthe masticatorysystemfrom properlyworking!

This diversegroupof pathophysiology s characterizedby classicdefiningclinical featues
of pain, jaw noise,limited and/oralteredrangeof motion that could causerestrictedjaw

function. Patientswith TMD may presentone or more of these characteristicsPainas
a delineatefeatureof TMD is the primaryreasonfor patientsseekingcare. The number of

patientsreferred by different medical providers, including physiciansto dentists, has
increased. Temporomandibuladisorderis consideredhe most commonnon-odontogenic
orofacial painandpreserg with the presenceof otherrelatedconcurrentsymptoms.These

symptomsnclude:neuralgiatoothacheearacheandheadach@andneckpain?3

Temporomandibuladisorderis classifiedinto variouscategoriedy the National Institute of
Dental and CraniofacialResearchpart of the National Institutes of Health (NIH).* The
Diagnostic Criteria for Temporomandibulgoint Disorder(DC/TMD) systemassistsn the
classification of clinical findings based on physical examination (axis 1) with three
categoriesncluding 1- muscledisorder;2- disc displacementand 3- arthralgia,arthrosis,

arthritis. Thepsychologicaktatusof the patientis consideredAxis I1).>%7

Myofascial pain syndrome(MPS) is reportedas the most common form of TMD.? It
presentsvith subjectivepainin the musclesof mastication. In clinical researchfollowing
DC/TMD makesthe diagnosisof TMD-myofascialpain more consistent Myofascial pain

syndromgMPS)refersto a chronicpain of softtissueandresultsfrom irritable foci (trigger



points) within skeletal muscles their ligamentsand fascial constriction. Focal point
tendernesshardeningof themuscle and reproductionof pain upontrigger point palpation,
referredpain, pseudeweaknessof the affected muscle and limited range of motion are

amongthe characterist featuresof MPS?

It may also presentsign and symptomsof stomatognathianuscularalteration. Masseter
and temporalis muscles are two of the masticatory muscles and are positioned
superficially. This characteristicmakesit easyto evaluatetheir clinical presentatiorin

differentjaw positions.

In general,TMD is not completelyunderstoodandthe preciseetiology of myofascialpain
is unknown. Multiple studies have indicated several underlying factors of myofascial
pain. Macrotraumaand microtraumahavebeenidentified asunderlyingfactorsof MPS in
the form of physical overloadingof the masticatory muscles,occlusal interferencesand
nocturnal bruxism. Emotional stressand psychiatricillness are also reportedas being

amongsystemicfactors contributingto thesesymptoms.

Multiple factorsinfluencingthe neuromusculacontrolof bodyposture,includingneck,head,
or mandibleposition, may affect the bite force. Myogenouspainassociateavith TMD may
be linked to abnormalcontraction hyperactivity,or fatigue of masticatorymuscle. Pain
reportedin the jaw joint region, while less frequentjs alsoreportedasrelativelycommon.
Head and neck pain are reported in approximately 10-20% of the population and
approximatelyl0% of patientsover agel8reportpainin thetemporomandibulgoint (TMJ)

areat®1!

Evidencebased dentistry guides decisionmaking by encouraging proper assessment,



diagnosis,and treatmentplanning basedon the bestcurrentevidence. Quantitativeand
objectiveclinical assessmerdf the symptomsshouldsupportthe evidencebaseddiagnostic
protocols and treatmentstandards. This will allow betterdifferentiationamong several
clinical diagnoses? Multiple studieshaveexplainedhe force of masticatorymusclesusing
the biomechanical modeld*'41>and some used electromyogramto assessthe muscle

activity 1617

Intramusculaor surfaceglectromyographyEMG) can be usedin this decisioamaking for
deeperunderstandingzia quantitativeand objective assessmentf myogenoussymptoms
in the stomatognathiapparatus.It is a techniquefor evaluatingandrecordingthe electrical
activity producedby skeletal muscles® An electromyogramis utilized to captureand
recordthe muscularelectricalpotentialsgeneratd by musclecells. It analyzesthe signals
to detectbiomechanicamovementof body parts,activation level and recruitmentorder’®
These features enable the utilization of EMG in evaluatingmasticatorymuscleactivity
for diagnosismonitoringtheprogessiorof thediseaseandmeasuringhetherapeutieffects

of thetreatment.

Multiple studieshave indicatedlower bite force measurement@ patientswith TMD in
comparisonwith nonsymptomaticcontrols?®2%22 |mpaired stomatognathidunction and
perceivedposturalchangesn the mandibleand decreaseelectromyographi@ctivity of the
masticatory muscles have been reported in patients with TMD. The effect of
experimentally induced muscle pain has indicated an inhibitory effect on jaw muscle
activity.?? BiomechanicalTMJ loading models explain the effect on masticatorymuscle
forced>1415py different factorsincluding orofacial pain, age, occlusionand gendert®?%31

Considerationof thesefactors preventsextrapolationof complex clinical contextsin the



clinical evaluationof patients. Further EMG studiesof masticatorynusclesarerequiredto

substantiatehesefindings in subjectsvith myogenous'MD pain.

Oral orthoticdevicesalsoknownasocclusalsplints,havebeenindicatedas oneof the most
commonly used and primary methods to manage and treat TMD-myofascial pain
symptoms$:3233  The impact of oral orthotic device on the masticatory muscles is
significant. These devices alter the muscle activity significantly and lead to a more
physiologicallystableneuromuscularepositioningof the mandible® Other TMD treatment
methodsusedin conjunctionwith occlusal splints include pharmacologicalintervention,
physical therapy, relaxation techniques,and biobehavioralintervention and self-care

treatment?

Painseverityof theTMD is typically selectedor determiningherelativebenefitof thestudy
interventions. Painmeasuremennethodsarenot strictly standardizedetweerstudies but
defining significant clinical changesand successfuloutcomescould offer a reasonable
comparison.Patientswith low or mild painlevel maynot pursuetreatmentor maynot find
thetherapeuticlinical interventiongesultenoughto report. This couldexplainwhy almost
all pain studiesare limited to moderateor severepain. Most positive studiesfavoring
stabilizationappliancesuseda baselinepain level of moderateto severein orderto avoid

ceiling effectin studieswith too low painlevelsat baseline’*

In additionto subjectivelyrepoted symptoms,a quantitativeand objective evaluationis
important for proper diagnosis of patients with facial pain related to TMD. The
guantitative EMG characteristicsof masticatorymusclescan be analyzedfor additional

assessmentf the symptomsand objectivediagnosis. This studywasdesignedor further



assisting practitionersin the utilization of SEMG as a diagnostic aid, monitoring the

effectivenes®f conventionamanagemerdndtreatment.

The currentbody of literaturedoesnot provide enoughevidenceto support integratingnew
technologyin theclinic to treatpatients. Thegoal of this studywas to evaluatethe utilization
of SEMG in the assessmenbdf masseterand temporalis muscle pain. This study also
evaluatedhe effect of usingoral orthotic devicesfor massetetand temporalismuscle pain

on the sEMG activity and pain level.



Aim and Hypothesis

A) Aim

The primary aim of the study is to assess the association between the change in muscle
electrical activity of the masseter and tenghsrmuscles at mandibular rest position and the

change in the pain level, from preatment to posireatment with oral orthotic devices.

B) Hypothesis

This study will evaluate the following hypothesis:

There is a positive association between changEMG activity and change in pain level of

the masseter and temporalis muscles, before and after treatment with oral orthotic devices.



Research Design

This study was a single center, singlearm, prospective,controlled clinical trial. The
participartsin this studywererecruitedandselectedrom patientsvho attendthe Craniofacial
Pain Center at Tufts University School of Dental Medicing complainingof TMD with
myofascialpain. All subjectswere selectedaccordingto DC/TMD Axis | myogenougain
group’®’ (DC/TMD is beingusedfor a comprehensivassessmertf reliability andvalidity

of thediagnosticclassificationsystenmto identify anddistinguishTMD cases).

Inclusionandexclusioncriteriawereconsideredo selecthesubjectdor this study.This study

wasdesignedo becompletedn four clinical visits. (Figurel)

Patientsverescheduledor thesecondsisit for fitting of theoral orthoticdevicesandcapturing
SEMG. Prior to fitting of oral orthotic devices,sEMG was performedaacordingto BTS
TMJOINT manufacturerusingcommerciallyavailablewirelessBTS FREEEMGunit (BTS
SpAViale Forlanini,40 Garbagnat®l.se(Ml) 1-20024ltaly btsbioengineering.conm second
visit. ThesEMG activity wasrecordedwith jaw at restposition(presenceof freewayspace),
with teethatfirst pint of contactandcentricocclusion(in asustainedMVC avoidinganyfacial
or orbicularexpressioror jaw or headmovementallowing the naturalintercuspatiorof the
teeth). Thisstepwasrepeatedhreetimesin arow for thesEMG recordingandthentheaverage

valueof thesethreeattemptsvasrecorded(Figure3)

After completionof SEMG recording,subjectsreceivedthe upperand lower oral orthotic
devicedollowing theclinical treatmenprotocol Subjectswerereturnedo theclinic for visit
three after two weeks This wasfirst follow-up visit after fitting of the oral devicesas a

standarctlinical visit. Thefourth andfinal visit, alsoa standarctlinical visit, wasscheduled



for two weeksatfter the previousfollow-up visit. During the fourth visit the SEMG recording

capturedasit wasdoneduringsecondvisit.



Materials and Methods

This studywas a single center,singlearm, prospective controlledclinical trial. A power
calculationwas conductedusingnQueryAdvisor (Version7.0). Assumingacorrelationof 0.5
betweerchangan painandchangan muscleactivity, asamplesizeof n=26wasadequat¢o
obtainatypel errorrateof 5% andapowerof 80%. Theparticipantsn thisstudywerefemales
andmalesageO18 yearsold andselectedrom patientscomplainingof TMD with myofascial

pain. All subjectsvereselectechccordingto DC/TMD Axis | myogenougpaingroup”®’

Inclusionandexclusioncriteriawereconsideredo selectthesubjectdor this study. Inclusion
Criteriawere asfollows: age18 or older; all subjectspresentedvith pain at the time of the
initial evaluatioruponmusclepalpation(masterandtemporalisjusinga palpometer/algometer
to applystandardizeg@ressurg?2 Ibs.)to assespain;andscoreof 5 or greatetin facial painon

aNRSscale(with scorebetweerD-10) reportingaveragediscomfortoverthelast7 days.

ExclusionCriteriawereasfollows: anyinjury causedy traumaor tumorsof headandneck;
arthrogenicpain accordingto DC/TMD?®; psychiatricdisordersaccordingto DC/TMD (Axis

II); odontogenictooth pain and periodontalpathologybasedon clinical and radiographic
examinationsgeneralizeanusclepainor acentralor peripheraheurologicallisorcerthatmay
influencethesEMG recordspatientswith full/partial removabladenturessignificantsystemic
diseasdhatmay be pain producingin muscles;subjectson opioid pain medicationgNSAID

andacetaminopherllowed on an as neededbasis);subjectson prescribedmedicationghat
affectthe muscleactivity (e.g., musclerelaxantssuchas metaxaloneflexeril); and subjects
who are participatingin anotherhealthrelated researchstudy affecting pain and muscle

activity.
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SubjectWithdrawal/Terminatn Criteriawere also consideredor this study. Thesecriteria
were: subjectswith developmentof any systemicdiseasethat may be pain producingin

muscleduringthe studyperiod;anyinjury causedy traumato the headandneckduringthe
studyperiod subjectsvith developmenbf odontogenidooth painandperiodontalpathology
duringthe studyperiod,subjectseportingtaking opioid during the study; subjectswvho were
experiencingan unanticipatecadversetherapeuticeffect (allergy to the materals); subjects
who were deciding to stop participating in the study; and subjects who could not

comply/toleratausingthe oral orthoticdevices.

Subjectswere selectedfrom patients who attend the Craniofacial Pain Center at Tufts
UniversitySchoolof Dentd Medicine(TUSDM) for astandarctlinical visit, andno deviation
from the proposedreatmenbccurreddueto the studyrequirementsThis studywasdesigned

to becompletedn four clinical visits.

During the initial visit, the patient completedconsutation, demographicnformation and
comprehensivenedicalhistoryandhistoryof presentliness(e.g.,causeduration treatments,
andhistoryof traumain the pastsix months). Reviewof panoramiaadiograph(oneis taken
if the patientdoesnot havea currentradiograph) head/neclkandoral examinationDC/TMD
evaluation, patient discomfort scale (NRS including facial discomfort) and alginate
impressionf both upperandlower archegtakento makemodelsfor orthotic devices)also
completedduringfirst clinical visit. Upon completingthe standardclinical visit, qualified

patientsvereinformedaboutthe study.(Tablel)

All participatingsubjectswere providedwith the detailedexplanationof the study protocol

approvedoy InstitutionalReviewBoard (IRB). All subjectssignedthe written IRB approved

11



Informed ConsentForm (ICF), ensuredthat they understandthe study, certifying their

willingnessto participatein the study.

Muscle palpations performed using a palpometer/algomete(pressuregawge) to apply
standardizegbressurdg? Ibs.) to masseteandtemporalisto assesgain. The NRS form was
completedaccordingto the subjectivepain sensation.All subjectswereinstructedto refrain
from NSAID and/oracetaminophensefor 24 hoursprior to Visit 2. (In orderto be surethe
serumhalf-life of themedicationhasbeenexitdedandto avoidits possibleeffectson thedata

collection.)

Patientsverescheduledor thesecondsisit for fitting of theoral orthoticdevicesandcapturing
SEMG. Prior tofitting of oral orthotic devicesSEMG wasperformedusingBTS FREEEMG
unit. Commercially availabld8TS TMJOINT usedfor dentalocclusionfunctional analysis
incorporatingsurfaceelectromyographi@nalysisto measurehe differentialinfluenceof the
neuromuscularalterations induced by occlusal function. Standardizationof the sEMG
recordingtechniqueperformedaccordingto manufacturetto avoid any variability between
visit 2 and4 (i.e., positionof the probesconductancef the skin, musclecrosstalk, ageand

gender).

Patientsseatedn thedentalchairin anuprightpositionandheadin a naturalpositionwithout
headsupport. Facial skin was cleanedwith an alcohol swab;four disposable8 mm silicon
electrodesvere locatedin placeand positionedparallelto the direction of musclefibers of

anteriortemporalisandmassetemuscleson bothsidesby palpatingthe muscles(Figure2)

A plasticshieldguidewasmarkedusinganatomicalandmarkswith thesite of theelectrodes

positionsto helpwith the positioningof the probesat the samelocationduringvisit 4. A set

12



uptestdonefor all subjects.TheSetuptestis acalibrationtestandall thetrials acquiredafter
this test comparedwith the Setup test. The SEMG softwareautomaically calculatesthe

indicesconsideringheratio betweerthe setup testandtestswithout cottonrolls.

The patientsaskedto clenchfor five secondswith two cottonrolls placedbetweenthe two
arches,one for eachside (on molar and premolar teet). This stepis a referencefor
standardization. Since different jaw positions cause different muscle function, the
electromyographiactivitiesof both masseteandtemporalismuscleswverecollectedat three

differentmandibularmpositions.

The sEMG activity wasrecordedwith jaw at restposition(presencef freewayspace) with
teethatfirst pint of contact,andcentricocclusion(in a sustainedMVC avoidinganyfacial or
orbicularexpressioror jaw or headmovemenallowingthenaturalintercuspatn of theteeth).
Subjectavereaskedto clenchtheir teethfor five secondshenrestfor tenseconds.This step
wasrepeatedhreetimesin arow for the SEMG recording. The averagevalueof thesethree
attemptsvasrecorded.Therecordedvaluesof SEMG activity atrest,pointcontactandMVC
expresse@sa percentagef the activity recordedduringthe standardizationest. (Figures4-

9)

After completionof SEMG recording,subjectseceivedthe oral orthotic devices. The upper
devicewasmodified by creatingananteriorplatformsothatthe opposingdentition(canineto
canine)occlusal contactsocclude uniformly. Bilateral posteriorpoint contactswere also
providedin the areaof first or secondmolar. Subjectwerein the supinepositionin a dental
chairwith headplacedon the headresandprovidedpillow in a mostsubjectivecomfortable

position.

13



Thelower customfabricateddeviceconstructedsothatonly threebilateralposteriorcontacts
(from the secondpremolarto the first/secondmolar) allowed without static and dynamic
anteriorcontacts. Subjectsvereseatedn the dentalchairin anuprightpositionwithout head
supportwith thetrunkin anerectpostureandheadin a naturalposition. Lower oral orthotic
device modified in this body position. All occlusal contactswere even and occlude
simultaneouslyvith theoccludingsurfaceof thedevice.Subjectsvereaskedo weartheupper
device while sleeping. Subject were askedto wear the lower device during the day
(approximately2-3 hoursin themorningand3-4 hoursin theafternoon). Theywereaskedot

to eatwith thesedevices.

Subjectswerereturnedto the clinic aftertwo weeksfor visit three(first follow-up visit after
fitting of the oral devices)as a standardclinical visit. Basedon the review of subjective
symptomsandclinical evaluationandexaminationnecessargdjustmenandmodificationof
the deviceswere done by modifying occlusalcontactas needed. Eligibility and subject
withdrawal criteria were reviewedduring visit threeand four to ensurethat the subjectstill

qualifiesfor the study.

Thefourth andfinal visit, alsoa standarctlinical visit, wasscheduledor two weeksafterthe
previousfollow-up visit. Setup testand sSEMG assessmenf the bilateral masseterand
anteriortemporalismuscleswere performedasat visit two. The SEMG activity with jaw at
restposition(no teethcontact) point contact,andMVC on naturalintercuspatiorof the teeth

wererecorded(Figure23)

Analysis and index calcuation of the collecteddataperformedby dental contactanalyzer

softwareaccordingto BTS TMJOINT manufacturerusing commerciallyavailablewireless

14



BTS FREEEMG unit (BTS SpA Viale Forlanini, 40 GarbagnatéM.se (MI) 1-20024 Italy

btsbioengineering.com).

Descriptivestatistics(e.g.,meansandstandarddeviations)were calculated. A mixed model
usedfor theanalysisof theassociatiometweerchangesn painandchangesn muscleactivity.

A p-valueof lessthan.05 consideredstatisticallysignificant.

15



Statistical Analysis

A power calculation was conducted using nQuery Advisor (Version A€9uming a
correlation of 0.5 between change in pain and change in muscle activity, a sample size of

n=26 was adequate to obtain a type | error rate of 5% poder of 80%.
Thefollowings aredifferentanalysisechniquesonsideedto calculatetheseindices:

To determinesymmetricdistribution of the muscularactivity determinedby occlusion,the
EMG waves of paired muscleswere comparedby computinga Percatage Overlapping

Coefficient(POC,unit: 0% - 100%)35:36

Themeantotalmuscleactivitiesfor thefour investigatednusclegright andleft massetemight
and left temporalis) were computed as the areasof the standardizedEMG potentials
(normalizedr.m.s.amplitude)over time (unit: pV / pVs %).3°3¢ Calculatingmeansurface
EMG activity for existenceof differencedetweertheleft andright assessedThis calculation
will assessnydifferencein the surfaceEMG activity of musclesof the sideswith different

painlevels.

To determineratios of the right side to the left side different muscularactivation, the
asymmetryindex (SAI) betweenthe sideswascalculatec?’ The differencein surfaceEMG
activity betweenmuscleson the right side to the left side were assessedor eachpaired
muscles. All the SEMG assessedby dental contactanalyzersoftware accordingto BTS
TMJOINT manufacturer This finding assessethe SEMG activity relationto the painlevel

onthesameside.

SASversion9.2wasusedin theanalysis.
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Results

A total of 26 study subjects(20 females[76.92%] and six males[23.03%] with different
ethnicity) wereselectedaccordingo DC/TMD, with a complaintof moderateo severepain.
PretreatmenNRS on the sidewith worsepain rangedfrom 5-8 andthe meanscorerecorded
as6.34 with standarddeviation(SD) of 0.98. PosttreatmentNRS rangedfrom 0-5 andthe

meanscorerecordedas2.58with SD of 1.24.(Table2)

With musclesof masticationat rest,comparingpre and posttreatmentsEMG parameterf
temporalisand massetermuscleswith worse pain, most findings were not significantly

differentatthe studypopulationlevel. (Table3)

PretreatmentsEMG parameterof temporalismuscleat rest on the side with worse pain
showeda meanactivity of 5.18 uV*sec. with SD of 1.80uV*sec. andrangeof 8.16 uV*sec.
PosttreatmentsEMG parametersf temporalismuscleat rest on the side with worse pain
showeda meanactivity of 5.18 uV*sec. with SD of 1.86 uV*sec. andrangeof 8.42uV*sec.
(Figurel3) ThesEMGparametersftemporaliamuscleatrestonthesidewith alesseidegree
of pain showedpretreatmentmeanof 4.72 uV*sec., SD of 1.17 uV*sec. andrangeof 5.95
MV*sec. (Figureld) PosttreatmensEMG parametersf temporais muscleatrestontheside
with a lesserpain showeda meanof 4.85 pV*sec. with SD of 1.06 pV andrangeof 4.25

MV*sec. (Table6)

At the populationstudy level, pre-treatmentmassetemusclesEMG parameter®f the side
with worsepain at restindicated a meanof 4.46 pV+*sec., SD of 0.83uV*sec. andrangeof
3.77uV*sec. (Figurel5) PosttreatmensEMG parametersf the massetemuscleat reston

the sidewith worsepain showeda meanof 4.35uV*sec. with SD of 0.63uV*sec andrange
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of 2.40pV*sec. The sEMG parametersf themassetemuscleatrestonthesidewith alesser
degreeof painshowedpre-treatmenimeanof 4.34uV*sec., SD of 0.72uV*sec. andrangeof
2.95uV*sec. (Figure16) PosttreatmensEMG parametersf the massetemuscleatreston
thesidewith alessempainshoweda meanof 4.44uV*sec.with SD of 0.72uV*sec.andrange

of 3.28uV*sec.(Table7)

Thesamesetof SEMGactivity recordingof thetemporalisandmassetemusclesvasrecorded
during MVC. A very high variable findings were shown betweenpre and posttreatment

sessionat bothindividual andthe populationstudylevel.

Pretreatmenttemporalismuscle SEMG parametersof the side with worse pain at MVC
indicateda meanof 65.99uV*sec.,SD of 52.11uV*sec. andrangeof 221.01pV*sec. Post
treatmensEMG parametersf temporalismuscleatMVC of thesidewith worsepainshowed
ameanof 60.48uV*sec. with SD of 32.68uV*sec andrangeof 127.86uV*sec. (Figurel7)
The sEMG pre-treatmeniparametersf temporalismuscleon the sidewith alesserdegreeof
pain at MVC showeda meanof 57.95uV*sec., SD of 42.59uV*sec. and rangeof 143.88
pnV*sec wasrecorded(Figure18) PosttreatmensEMG parametersf temporalismuscleon
thesidewith alessempainatMVC showedameanof 55.82uV*sec. with SD of 33.21pV and

rangeof 148.65uV*sec. (Table8)

PretreatmenmassetemusclesEMGparameteratMVC of thesidewith worsepainindicated
ameanof 73.31pV*sec., SD of 58.70uV*sec. andrangeof 253.26uV*sec. Posttreatment
SEMG parametersf themassetemuscleat MVC onthesidewith worsepainshowedamean
of 69.68uV*sec. with SD of 46.86uV*sec andrangeof 184.37uV*sec. (Figure19) Pre

treatmensEMG parameter®f the massetemuscleat MVC on the sidewith alesserdegree
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of painshowedameanof 67.84uV*sec.with SD of 55.73uV*sec.andrangeof 209.6uV*sec.
(Figure20) PosttreatmensEMG parametersf themassetemuscleatMVC onthesidewith
lesserpain showeda meanof 66.84uV with SD of 53.92uV andrangeof 175.33uV*sec.

(Table9)

PretreatmentemporalismusclesEMG parameter®f the sidewith worsepain with teethat
point contactindicateda meanof 7.97 pV*sec., SD of 4.37 uV*sec. and rangeof 17.72
HV*sec. PosttreatmentsEMG parametersf temporals muscle,with teethat point contact,
of thesidewith worsepainshowedameanof 7.98uV*sec. with SD of 4.06uV*secandrange
of 16.59uV*sec. (Figure21) The sEMG pre-treatmentparameter®f temporalismuscleon
thesidewith alesseregreeof painwith teethat pointcontactshowedameanof 7.73uV*sec.,
SD of 5.81 pV*sec. and range of 30.98 pVv*sec was recorded. PosttreatmentsEMG
parameterof temporalismuscleon the side with a lesserpain with teethat point contact

showeda meanof 7.01pV*sec.with SD of 3.78V andrangeof 18.9uV*sec. (Table10)

PretreatmentmassetemusclesEMG parameter®f the side with worse pain with teethat
point contactindicateda meanof 6.62 pV*sec., SD of 3.25 pV*sec. and rangeof 14.65
MV*sec. PosttreatnentsEMG parametersf the massetemuscleof the sidewith worsepain
with teethat point contactshoweda meanof 6.02pV*sec. with SD of 2.70uV*sec andrange
of 11.15uV*sec. (Figure22) PretreatmensEMG parametersf the massetemuscleof the
sidewith alesserdegreeof painwith teethat point contactshoweda meanof 6.46 pV*sec.
with SD of 3.20uV*sec.andrangeof 16.13uV*sec. PosttreatmensEMG parametersf the
massetemuscleof the sidewith lesselpainwith teethat point contactshowel a meanof 5.75

MV with SD of 1.52uV andrangeof 6.22uV*sec. (Table11)
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Thepainlevelimprovemenis statisticallysignificantduringthis studyperiod. Pretreatment
pain NRS of the sidewith worsepain indicateda meanof 6.38,SD of 0.94 andrange of 3.
Posttreatmenpain NRS of the sidewith worsepainshoweda meanscoreof 2.58with SD of
1.24 andrangeof 5. The side with lesserpain of the participatingsubjectsindicatedpre-
treatmentpain NRS with meanof 2.81, SD of 2.38 andrangeof 7. It alsoindicatedpost

treatmenpain NRSwith themeanscoreof 1.19,SD of 1.44andrangeof 5. (Figure12)
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Discussion

In spiteof anabundancef researchn thefield, the currentbodyof literaturepoorly supports
the diagnosticandtherapeut approachesvolvedin thetreatmeniof TMD. Theimpactof
muscleactivity andmusclepainon a patientwith TMD-myofascialpainhaslongbeenafield
of interestfor practitioners. Currentliteraturessupportdifferent theoriesto explain muscle

pain musclehyperactivityandpainadaptatiormodels®®

The evolving scienceof pain has revealeda multitude of subjectivefeaturesas well as
underlyingmechanism#volvedin thepainprocess.Hencenotall painis treatedn thesame
manner. Nociceptorscan be activatedand sensitizedby different stimuli (e.g. mechanical
stimuli suchastraumaor overloadingand endogenousflammatorymediators)that trigger
pain perception. Myofascial pain is one suchpain entity and with musclepain as a major
medial problem,it drawsattentionof careprovidersfor betterunderstandingf the causes,

propermanagemengndtreatment.

In dentistry few studieshavehighlightedthe clinical significanceof the EMG parametersand
haveprovidedinconsistentesultsaswell. Thereare multiple influencingfactors(e.g.body
postureand emotional stressand relaxation state) affecting neuromusculacontrol of jaw
postion. Someof theneckmuscleswith increasedEMG parametersiavebeenlinked to jaw
musclepain3! Other studiesreportedan associatiorbetweenmuscleactivity and bite force
which resultsin lower muscle activity in patientsdiagnosedwith TMD-myofascial pain
syndromé-’212" A more recent investigationwith attemptto detectdifferencesin SEMG
activity of thepatientwith unilateralTMD-myofascialpain,deniedanyfinding or link between

the symptomaticandasymptomatienuscles’®
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This studywasdesignedo investigateheassociatiobetweerthe changen muscleelectrical
activity of the masseteandtemporalismusclesat mandibularestpositionandthe changen
thepainlevel, from pre-treatmento posttreatmentvith oral orthoticdevices. To enhancehe
internalvalidity of this study,it wasreasonablé¢o settheinclusionandexclusioncriteria for
congruityof thegroup. Followingthis criteriain turn affectedthe samplesizeof thestudyand
is consideredneof the limitations of the studydesign. Anotherlimiting factor of this study
was to include subjectswith asymmetricalbilateral face pain, and the resultsmay not be
extrapolatedo patientswith unilateralTMD-myofascialpain symptoms. Long term follow
up careandassessmeiraf thesymptomswith furtheranalysisof thedatamayprovidestronger
supportfor this studyfindings. All measuresvereconsideredo minimize inherentnoisefor
assessmerpurposesand to obtain reproduciblestandardEMG recordingat pre and post

treatmensession4®

In this investigation, we examined whether pain equatedto sEMG parametersand
charateristicsin subjectswith asymmetricabilateral TMD-myofascialpain symptoms. The
SEMG parametersindpainlevelswerecollected,accordingto protocolsusedin the research
setting, before and after all subjectswere treatedwith oral orthotic devices Participating
subjectsselectedaccordingto setinclusion and exclusioncriteria without any prior related

treatmenfor the pasttwo years.

CombinedsEMG parameter®f the side with worse pain indicatedthe followings. At the
grouplevel, pre-treatnentsEMG parameter®f masseteand anteriortemporalismusclesat
mandibularestpositionindicatedthe meanscoreof 56.23uV*sec. with SD of 11.43uV*sec.

and a rangeof 51 pV*sec. PosttreatmentsEMG parametersof masseterand anterior
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temporalianusclesat mandibularestpositionindicatedthemeanscoreof 57.57uV*sec. with

SDof 11.16uV*sec. andrangeof 55 pV*sec. (Table3)

PretreatmentsEMG parameter®©f masseteland anteriortemporalismuscleswith teethat
pointcontactindicatedthe mean scoreof 83.8uV*sec. with SD of 30.24uV*sec.andarange
of 154uV*sec. PosttreatmensEMG parametersf masseteandanteriortemporalisnuscles
with teethatpointcontactindicateddhemeanscoreof 77.92uV*sec.with SD of 24.34uV*sec.

andarangeof 115uV*sec. (Table4)

PretreatmensEMGparametersf masseteandanteriortemporalismusclesatMVC indicated
the meanscoreof 768.50uV*sec. with SD of 508.36uV*sec. andarangeof 1755uV*sec.
PosttreatmentsEMG parametersof masseterand anterior temporalis musclesat MVC

indicatedthe meanscoreof 728.77uV*sec. with SD of 458.23uV*sec. andarangeof 1634

HV*sec. (Tableb5)

Correlationanalysiswas conductedo evaluatethe associatiorbetweenchangein pain, with
the changeat rest, and changein MVC. The analysischangesof NRS with rest SEMG
parameterscorrelation coefficient is -0.139 and the p-value of 0.50. This analysisalso
indicateschangef NRSwith MVC sEMG parametergorrelationcoefficientas-0.220and
thep-valueof 0.28. No associationsverefoundto besignificantatthealpha0.05levelin this
groupof subjects.At theindividuallevel, differencebetweempre-treatmentindposttreatment
painlevel on the sidewith worsepainwas significant.(Figures10) Thepan level difference
betweenpre-treatmeniand posttreatmenton the sidewith lesserpain wasalsosignificantat
theindividuallevel.(Figurell) At thegrouplevel,differencebetweerpretreatmenandpost

treatmengpainlevel onthesidewith worsepain was alsosignificant.(Figuresl?2)
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Conclusion

Within limits of this studythere isnot enough evidende support the hypothesifespite a
significant improvement in pain level, our studg dot finda positive association between
changes iIsEMG activity and change in pain level of the masseter and temporalis muscles,
before and after treatment with oral orthotic devicésandardized methodology to capture
EMG plays an important role to achieve accurate data. Limitation of ttzestasdized
methodologyin capturingsEMG used in the current literatures, has to be considered as the
possible underlying factor. Considering these limitations, further studies needed prior to
conclude different pain theories including different pain mechanismsagatation,

centrally mediated pain mechanism, and also protective functional activation of the muscles
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Appendix A: Tables

Appointment | Visit 1 Visit 2 Visit 3 Visit 4
Procedures
Standardf careprocedures X X X X
for visit
InformedConsentForm

Evaluatenclusion/exclusion

criteria

Palpometerating X X
PatientDiscomfat Scale X X X
Evaluateeligibility and X X X
withdrawalcriteria

EMG X X
Handout/CollecDiary X X X
AdverseEventAssessment X X X
Stipend X X

Tablel. SubjectTimeline
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NRSfrom
0-10

Mean

SD

Table 2. Pain index

30

Pre-treat. Side
with a lesser
pain

Post-treat. Side
with a lesser
pain

2.81

1.19

2.38

1.44




Temporalis&
Masseter

Mean
SD

Table 3. Combinedémporalis & masseterEMG at rest
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Temporalis&
Masseter

Mean
SD

Table 4. Combined temporalis & rasseterEMG at MVC
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Temporalis&
Masseter

Mean
SD

Table 5. Combinedeémporalis & masseterEMG with teeth at point contact
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Temporalisat
Rest

Mean
SD

Table 6. Temporalis muscle EMG at rest

34

Pre-treat. Side
with a lesser
pain at rest EMG

Post-treat. Side
with a lesser
pain at rest EMG

4.72

4.85

1.17

1.06




Masseteat
Rest

Mean
SD

Table 7. Masseter muscle EMG at rest

35

Pre-treat. Side
with a lesser
pain at rest EMG

Post-treat. Side
with a lesser
pain at rest EMG

4.34

4.44

0.72

0.72




Temporalisat
MVC

Mean
SD

Table 8. Temporalis muscle EMG at MVC

36

Pre-treat. Side
with a lesser
pain at rest EMG

Post-treat. Side
with a lesser
pain at rest EMG

57.95

55.82

42.59

33.21




Masseteat
MVC

Mean
SD

Table 9. Masseter Muscle EMG at MVC

37

Pre-treat. Side
with a lesser
pain at rest EMG

Post-treat. Side
with a lesser
pain at rest EMG

67.84

66.84

55.73

53.92




emporalisEMG,
eethw/ Point
Contact

Mean
SD

Table 10. Temporalis EMG with teeth at point contact

38

Pre-treat. Side
with a lesser
pain at point
contact EMG

Post-treat. Side
with a lesser
pain at point
contact EMG

7.73

7.01

5.81

3.78




MasseteEMG,
teethw/ Pint
Contact

Mean
SD

Table 11. Masseter EMG with teeth at point contact

39

Pre-treat. Side
with a lesser
pain at point
contact EMG

Post-treat. Side
with a lesser
pain at point
contact EMG

6.46

5.75

3.20

1.52




Appendix B: Figures

26 Subjects with Asymmetrical Masseter and Temporalis Pain

Assessment - Treatment

Right side & Left side

2nd Visit || N agrd Visit 1 4th Visit
1st Visit (Insersion of] (Adjustmen (Final
(Initial the devices of the oral evaluation &
evaluation) & EMG orthotic EMG
\!assessment)!) ! devices) Y \!assessment)!)

Figure 1. Flow chart of thestudy protocol
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Figure 2. Masseter and temporalis muscles
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26 Subjects with Asymmetrical Myofascial pain

Assessment - - Treatment
(Right and Left sides)

Imitial
valustior

(Insertion & EMG

_ EMG/Final
Assessmnet)

Assessment

Llst visit ‘I ‘ ‘ 2nd Visit grd visit 4th Visit

Follow-up

First point . rst potnt
R?fl-t of occlusal AVC == of occlusal
positiont | contact contact

Figure 3.Flow chart of jaw position EMGcapture
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Right temporalis Left temporalis

0.40 ' ' 0.40
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0.00 0.00
-0.20 -0.20
-0.40 -0.40
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0.40 ' ' 0.40 '
0.20 020
0.00 0.00
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Figure 4. Prareatment sEMG at rest
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Right temporalis Left temporalis
0.40 0.40
020 0.20
0.00 0.00
-0.20 -0.20
-0.40 -0.40
0 1 2 5 0 2
Right masseter Left masseter
0.40 0.40
0.20 0.20
0.00 0.00
-0.20 -0.20
-0.40 -0.40
0 1 2 3 5 0 2

Figure5. Posttreatment SEMG at rest
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Right temporalis Left temporalis

0.40 0.40
0.20 020
0.00 0.00
-0.20 -0.20
-0.40 -0.40
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Right masseter Left masseter

0.40 0.40
0.20 020
0.00 by i - e | 0.00 e
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-0.40 -0.40
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Figure 6 Pretreatment SEMG with teeth at point cortta
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Right temporalis Left temporalis
0.40 ' ' 0.40 '
020 0.20
0.00 0.00 —-
-0.20 -0.20
-0.40 -0.40
0 1 2 3 4 5 0 1 2
Right masseter Left masseter
0.40 ' ' 0.40 '
0.20 0.20
0.00 0.00
-0.20 -0.20
-0.40 -0.40
0 1 2 3 4 5 0 1 2

Figure 7 Posttreatment SEMG with teeth at point contact
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Right temporalis Left temporalis
1.00 T T 1.00 -
050 0.50
0.00 0.00
-0.50 -0.50
-1.00 4 t + -1.00 t ¢
0 1 2 3 4 5 0 1 2 3 4 5
Right masseter Left masseter
1.00 T T 1.00
0.50 0.50
0.00 0.00
-0.50 -0.50
-1.00 4 + + -1.00 + +
0 1 2 3 4 5 0 1 2 3 4 5

Figure 8 Pretreatment SEMG at MVC
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Right temporalis

Left temporalis

1.00 1.00
0.50 0.50
0.00 0.00
-0.50 -0.50
-1.00 + -1.00
0 1 2 <] 4 5 0 2
Right masseter Left masseter
1.00 1.00
0.50 0.50
0.00 0.00
-0.50 -0.50
-1.00 + + -1.00 4
0 1 2 3 4 5 0 2

Figure 9 Posttreatment sSEMG at MVC
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NRS - Side with worse pain level
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Figure10. Rain level of the side with worse pain
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NRS - Side with a lesser pain level

pain NRS Post-treat

Figure 11. Rin level of the side with a lesseripa
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Group NRS
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PRE AND POST TREATMENT SIDES

m Pre-treat. - Side with worse pain  m Post-treat. - Side with worse pain

m Pre-treat. - Side with a lesser pain m Post-treat. - Side with a lesser pain

Figure12. GroupNRS pre and podteatment
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Temporalis - Side with worse pain level

b
[
%5
=
S
5]

SUBJECTS

®m Temporalis worse pain Pre-treat. Rest Average nV*sec.

™ Temporalis worse pain Post-treat. Rest Average uV*sec.

Figure13. Temporalis EMG of the side with worse pain at rest
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Temporalis - Side with a lesser pain level

fm
[
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SUBJECTS

m Temporalis Lesser pain Pre-treat. Rest Average puV*sec.

M Temporalis Lesser pain Post-treat. Rest Average pV*sec.

Figure14. Temporalis EMG of the side with a lesser pain at rest
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Masseter - Side with the worse pain level
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Figurel5. Masseter EMG of the side with worse pain at rest
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Masseter - Side with a lesser pain level
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Figure16. Masseter EMG of the side with a lesser pain at rest
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Figure 17. Temporalis EMG of the side with worse pain at MVC
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