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국국국문문문 초초초록록록

앙앙앙와와와위위위와와와 정정정좌좌좌위위위에에에서서서 교교교합합합접접접촉촉촉 및및및 근근근활활활성성성도도도 분분분석석석

강강강 수수수 진진진
지지지도도도교교교수수수;;;강강강동동동완완완,,,치치치의의의학학학 박박박사사사
조조조선선선대대대학학학교교교 대대대학학학원원원,,, 치치치의의의학학학과과과

인간의 자세 변화는 두부위치를 결정하는 저작근 활성에 영향을 미칠 뿐 아니라
교합접촉 시 상,하악간 관계에도 영향을 준다.그러므로 자세 변화에 따른 두경부
위치가 치아의 교합접촉과 저작근 활성에 미치는 영향을 파악하여 생리적인 자세
를 이해하는 것이 필요하다.본 연구는 앙와위(0도)와 정좌위(90도)에서 두부의 위
치에 따른 교합접촉양상과 근활성도를 기록하여 분석하였다.연구대상은 제3대구치
를 제외한 모든 영구치가 맹출되었으며,교정 및 보철치료의 경험이 없으며,양측
성 Angle1급의 제1대구치와 견치관계를 갖으며,치아 교합면에의 마모가 거의 없
으며,병적 치주질환이 없고,구강 악계에 임상적 기능이상이 없는 C대학교 치과
대학 재학생중 피검자 30명을 선정하였으며,피검자의 평균 연령은 25.7세였다.
T-ScanSystem(TekscanCo.,USA)과 Bio-PakSystem(BioresearchIncU.S.A)
을 이용하여 교합접촉 검사 및 전측두근과 교근의 근전도검사를 시행하여 측정치
를 기록하고 이를 비교분석하여 다음과 같은 결론을 얻었다.
1.앙와위,정좌위의 두부위치에서 계측한 총 교합접촉점수는 평균 25.97,42.24개로
앙와위보다 정좌위에서 많은 접촉이 이루어졌고,이에 대한 통계학적 유의차가 있
는 것으로 나타났다.(P<0.05)
2.평균 접촉력 계산은 앙와위에서 85.4,정좌위에서 135로 정좌위에서 높게 나타났
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으며,이는 통계적으로 유의한 차이가 있는 것으로 나타났다.(P<0.05)
3.좌,우측 전측두근 및 교근의 근전도는 앙와위에 비해 정좌위에서 좌,우측 전측
두근 및 교근의 근전도가 높게 나타났으나 이는 통계적으로 유의한 차이는 없었
다.(P>0.05)
자세의 변화에 따라서 접촉수와 접촉력의 변화는 매우 유의한 정상관계를 나타냈
다.그러므로 임상에서도 교합조정 시 이러한 점을 고려해야 할 것으로 사료된다.



- 1 -

ⅠⅠⅠ...IIINNNTTTRRROOODDDUUUCCCTTTIIIOOONNN

Becausehumanmasticatorymuscleactivityaffectedfrom variousfactorsis
complexmovements1),andthosefactorsdonotequallydistributeinfluencesto
theeachsubjects,ithasbeencomplicatedtounderstandthismechanism inthe
fieldoftheprosthodontics.However,generalfeaturescanbepredictedthrough
themeandataderivedfrom theexperimentalmeasurement.Butvariousstudies
andmethodstoanalyzetheinfluenceoftheocclusalcontactinthemasticatory
system havebeen performed,no consensusopinion hasbeen reached.The
bilateraldistributionofthetoothcontactatthemaximum intercuspationisvery
importantinnormalocclusion2).Accomplishingthebilateraldistributionofthe
tooth contact at the maximum intercuspation in the prosthetic treatment
requirestounderstandthenatureofthetoothcontact.andithasbeenreported
thatthetoothcontacthasconnectionwiththeintercuspationandthemuscle
activity whichassumably affectstotheposturalmuscleactivity3).Maximum
intercuspationresultingfrom thecompleteintercuspalcontactatcertainposition
at the naturaldentition accompanies the neuromuscular system stability4).
Therefore,itisessentialto understand thedistribution oftooth contactto
properlydiagnose5)andestablishtreatmentplan6).
Eachsubjecthasdistinctivedifferences7)betweenthenumberandthelocation
atthe maximum intercuspation,and even individually,also time8) concerns
likewiseduringthe24hoursandthoserelate masticatorymuscleactivity3).
NonethelessFrieletal.9)reportedmaximum contactpointscanbeachievedat
theidealintercuspation,Hekkmanetal.10)claimedthedecreaseofcontactpoints
throughtheidealconditionchange.Therefore,itisimportanttoestablishclear
acknowledgmentofmaximum toothcontactpointsandlocationintheprosthetic
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procedures.
Because the occlusalrelation is routinely adjusted atthe supine position
clinically,itisquestionablewhetheritisadequatewhilepatientmasticatesat
theuprightposition.Therefore,posturalchangewhichaffectsocclusalcontact
shouldbeevaluatedattheuprightposition.Notonlyposturalchangesaffects
to the masticatory muscle activity,butalso relation between maxilla and
mandible during the occlusalcontactdoes.In this reason,itis strongly
necessarytoinvestigatetheeffectsofthevariousheadpositionrelatedtothe
tooth contactand masticatory muscleactivity.Schwarz11) demonstrated that
dorsiflex(backwardbending)ofthehead-neck complex resultedin increasing
freeway space and posterior movement of the mandible. In contrast,
ventroflexion(forwardbending)ofthehead-neck producedan oppositeeffect.
Breman etal.11) evaluated theeffectofthehead and body postureto the
occlusionusingOcclusogram,andMcLeanetal.12)reportedthedifferenceinthe
toothcontactbetweenthesupineanduprightposition.
Inthisarticle,theT-ScanIIsystem (Tekscan,Inc.,Boston,U.S.A.)which
analyzesocclusalcontactinthemattersofquantitativeandqualitativeaswell
asthetooth contactslocation duetothecontactduration isemployed,and
normaladultsocclusalcontactwasmeasuredandevaluatedwithit.Inusing
T-scan,R.J.Chapman13) reportedabouttheocclusionoftheimplantprosthetics
andWilliam L.ManessandRobertPodoloff,S.M.14)demonstrateddistribution
oftheocclusalcontactinthemaximum intercuspation.WayneL.Harveyet
al.15)evaluatedthecredibilityofthesensorandKlausW.BoeningandMichael
H.Walter16)analyzedtheocclusalloadinfulldenture.
Masticatorymusclewhichispredominantcomponentoftissuesconsistingthe
oromandibular system controls mandibular movements,and in progress of
research for occlusion, it has been focused from the dentistry. Since
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Electromyogram measuresactivepotentialtoanalysemusclestate,ithasbeen
applied to evaluate the physiologic status ofthe masticatory muscle after
Adrian and Brondk17) firstmeasured the muscle activity in 1929 with it.
Moyer18) who ultimately happened to introduce myopotential in dentistry
reportedmasticatorymusclepotentialwascausedbythemandibularmovement.
Pruazankky19) also presented detailed method ofapplied myopotentialafter
observating wave,amplitude,frequency,and intervalofmyopotentialduring
masticationandWood20)demonstratedmyopotentialreactionregardingthetooth
contactpoints.Ontheotherhand,Ralstonetal21)reportedthattheinternalor
external factors intervene quantitative analysis using electromyogram.
Comparativestudybetweennormalandabnormalocclusionformandibularrest
positionandcentricocclusion22),andmasticatorymusclestateduringmandibular
movement23,24), relation of musticatory muscle activity to patient of
temporomandibular disorder25,26) and bruxism,study on effects ofclinically
purposed Occlusion splinthas been reported.27,28) Therefore cooperation and
antagonism between myoneural system and muscle can be understood
throughtthemethodofelectromyogram29).However,Barbene etal.30)pointed
outthatelectromyogram couldbeaffectedbythemeasuringmethod,interval,
electrodeposition and subject'shead posture.Frameetal.31) alsoreported
electrodepositioncausedmyopotentialchange,butYemm32),MajeskiandGale33)

reported therewasno signigicantdifferences.Yoon etal.34) suggested that
standardization of the condition,expertise of test method and sufficient
education of the subjects render minimizing errors for the patients.
consequently,validatingconditionsshouldbestandardizedtominimizefactors
inducingerrorsonmeasuredvalueemployingelectromyogram.
InthestudyusingT-scansystem fortherelationshipofcentralocclusionand
head-position,Makofskyetal.11)reported thatagemakesdifference.However,
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thestudyabouttheeffectofhead-positiontotheocclusalcontacthasbeen
insufficient. The purpose of this study was to evaluate the effect of
head-positiontotheocclusalcontactandmuscleactivity.
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ⅡⅡⅡ...MMMAAATTTEEERRRIIIAAALLLSSSAAANNNDDD MMMEEETTTHHHOOODDDSSS

1.Subjects
Thirteenadultpatientswithcompletenaturaldentitionsshowingnosignsof

occlusalcomplicationssuchasocclusalsurfacewearandpathologicperiodontal
condition were selected forthe study.The subjects were primarily dental
studentswithmeanageof25.7andhadnormalfunctionofthestomatognathic
system.
2.Method
To provide an identicalcircumstantialcondition to the allsubjects,this
measurementperformed1hourafterbreakfast.
1)determinationofheadposition
NHP marker(naturalhead posture marker)equipped to head in orderto
maintain the head position measures the head angle affixed to the FH
plane(frankforthorizontalplane)duringsupineanduprightposition(Fig.1).

2)Measurementoftheocclusalcontactpointandforce
Using theT-scan IIsystem(Tekscan Co.,TheUSA),muscleactivity was

Fig.1.Setting of the FH
plane forthe correctcranial
position, and NHP marker
positioning.
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measured simultaneously with recording ofthecontactpointsand forcein
maximum intercuspation(Fig.2).

T-ScanIIsystem consistsofsensorcircuit,computermotherboard,9inch
colordisplayer,printer,powersupplyinsertedsystem unitandsensor,handle
and cablem specifically thisstudy,bluestandard decompression devicewas
employed.
Inordertomeasurethechangeoftheocclusalcontactpoint,subjectswas
fullyapprehendedthroughthetestandtheexplanationbeforesubjectsocclude
mandibular and maxillary teeth to habitualclosure position ateach head
positions and they had been practiced untilshowing no slides afterinitial
contact.
Sensor-equippedsensorsupportpointerlocatedmaxillaryinterincisorstoallow
repeatablepatternofcontacts.7)

Whenthesubjectsbitthesensorinthemaximum habitualintercuspation,the
occlusalcontactpointandforceweremeasured.Thisprocedurewascarriedout
2timesineachsubjectandtheaveragevaluewasanalysed(Fig.3,4).

Fig.2.T-ScanII
(Tekcsan,Inc.,Boston,USA.)
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3)muscleactivity measurement
Inordertoevaluatemasticatorymuscleactivity,Bio-Paksystem(Bioresearch
Inc.,U.S.A),a comprehensive mandibular function testing appliance,was
employed.Calibrationwas200μV andaspeedof2000ms/divisiondependingon
therecordings.Theinstrumentwasdirectlyinterfacedwithacomputerwhich

Fig.3.Muscularactivitytestofthe
anterio-temporalismuscleand
massetermuscleusingBio-PakⓇ and
positioningtheT-scanIIhandlein
theoralcavity.

Fig.5.Contactpoints
& Occlusalforce in
thesupineposition

Fig.4.Masticatorycapabilityand
muscularactivitytestonsupine
position.

Fig.6.Contactpoints
& Occlusalforce in
theuprightposition
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presentedthedatagraphicallyandrecordedthem onmagneticamedia.The
storeddatacouldbeutilizedinsubsequentquantitativeandqualitativeclinical
analysis.FouroftheeightchannelsofanEMG recorderwereemployedto
recordEMGactivity.
Myopotentialwasmeasuredandmuscleactivitywasrecordedafterreaching
physiologically stable state. Applying Surface electrode (No-Gel Surface
electrode,BioresearchInc.,USA)haspropertiesof10mm inthediameterand
20mm inthedistance.
Electrodepositionerwhichcanlocateacertainpositionwasusedtominimize
the errors among attaching pointofthe subjects.However,the electrode
positionermightnotfitforKoreanfeatures,becauseitwasoriginallydesigned
fortheCaucasianperse.Onthegroundofthis,electrodepositionerwasused
as the reference for deciding the location and atthe same time muscle
palpationwasappliedfortheselectionthecenterofthemuscle(Fig.7).

Theelectrodewaspositionedonthesurfaceoftheanteriortemporalisand
masseteric muscle afterpalpation during the maximum intercuspation.The
electrodefortheanteriortemporaliswasattached1.5-2.0cm posteriorly from
thecornerofeyeandthesuperiorpartofthezygomaticarch.Andalsothe

Fig.7.
Thepositionof
thedoubleelectrode
ontheanalysed
muscles
Ta:anterior

temporalmuscle
Mm:massetermusle
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positionforthemassetericmusclewasattachedinthecrossingofeachmiddle
of anterio-posterior length and superio-inferior length of the muscle and
extra-electrode was attached in the neck region.Before locating electrode,
expectingpointswaswipedwithalcoholspongytoreducesurfaceimpotence,
andafter3~5minutes,themuscleactivity wasmeasured.Whilemeasuring,
tensionwasintendednottobegivenandthemeasurementwasperformedafter
severaltimesofclenchingpractices.
Both masticatory muscle activity(㎶) was recorded in the peak of the
maximum intercuspationattheeachsupineanduprightposition.

4)Statisticsmethod
SPSS version10.0.7program hasbeenutilizedforthestatisticsandpaired
t-testhasbeenperformedforsignificancetestofmeasuredvalues.

Fig.8.Muscle active degree of
Anterior Temporalis muscle &
Masseter muscle in the supine
position

Fig. 9. Muscle active degree of
Anterior Temporalis muscle &
Masseter muscle in the upright
position
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ⅢⅢⅢ...RRREEESSSUUULLLTTTSSS

Thedifferencesoftheocclusalcontactpointsandforcewereobservedasthe
postureschange(Table.1,Fig.5,6).
Generallytheposturalchangeshowedtheocclusalcontactpointandforceto

beaffected.
High contactpointand force wereobserved in theuprightposition but
muscleactivitywasshowednormalrelationshipwiththeocclusalcontactpoint
andforce.
1.Thestatisticsoftheocclusalcontactpoint
1)Whilethemosthighfrequentocclusalcontactwasfoundin90degree,the
leastfrequencywasfoundin0degreeinthenormalocclusionoftheadult.
Thenumberofocclusalpointsoftheanteriorteethwasrangedfrom 11to1
in90degreeandfrom 7to0in0degree.Inthepremolar,19to13occlusal
pointswererecordedin90degreeand 13to1in0degree.Inthemolarcase,
thenumberofocclusalpointwere34and11 in90degree,and 14and4in0
degree.
2)Rightandleftdistributionoftheocclusalpointwasrecordedandmeanof
leftsidewas12.27andrightwas13.70in0degree,leftsidewas20.60and
rightwas 21.63 in 90 degree.Although the rightside showed the higher
distribution,theresultsdidn'tdeliverstatisticallyconsiderabledifferences.
3)Thestatisticsregarding toothcontactof30peoplearepresentedinthe
table1.Thewholecontactpointswere42.23inuprightpositionand 25.97in
supinepositionin90degree,andtheresultsdemonstratedthetendencythatthe
contactpointincreasedastheheadpositionchangesfrom thesupinetothe
uprightandalsoshowedstatisticallyconsiderabledifferences(P<0.05)(Fig.10).



- 11 -

0 90

Left Right Left Right

Subject I PM M Total I PM M Total I PM M Total I PM M Total

1 2 3 7 12 1 3 5 9 3 7 13 23 3 5 9 17

2 2 4 7 13 1 2 5 8 2 5 9 16 2 3 7 12

3 0 1 5 6 2 1 3 6 2 2 6 10 1 1 6 8

4 0 3 7 10 0 4 9 13 0 5 8 13 2 4 9 15

5 2 2 6 10 2 3 7 12 2 5 11 18 4 6 11 21

6 1 4 6 11 3 5 7 15 2 5 8 15 4 9 12 25

7 2 4 9 15 3 6 12 21 4 7 10 21 5 8 14 27

8 2 5 9 16 2 6 10 18 4 6 11 21 3 6 10 19

9 1 1 6 8 1 3 10 14 5 8 14 27 4 7 12 23

10 2 5 6 13 3 3 8 14 3 8 10 21 6 6 13 25

11 0 2 6 8 0 4 7 11 1 3 5 9 1 5 8 14

12 1 4 9 14 3 3 6 12 3 8 10 21 4 8 12 24

13 2 5 6 13 3 5 9 17 3 6 12 21 5 6 13 24

14 0 2 4 6 1 1 6 8 2 4 7 13 3 3 8 14

15 0 2 11 13 2 4 11 17 5 8 13 26 3 8 11 22

16 1 3 7 11 2 4 7 13 2 5 8 15 3 7 12 22

17 3 4 4 11 2 5 5 12 3 5 10 18 5 4 11 20

18 1 4 6 11 4 4 9 17 2 6 9 17 4 8 17 29

19 3 4 10 17 2 8 11 21 5 6 10 21 5 7 14 26

20 2 4 7 13 2 3 5 10 5 9 16 30 3 5 11 19

21 3 4 9 16 2 3 8 13 5 9 13 27 4 5 9 18

22 1 5 8 14 2 0 6 8 5 8 16 29 4 8 12 24

23 2 4 6 12 3 4 6 13 5 5 9 19 6 8 14 28

24 3 5 8 16 2 0 7 9 3 8 15 26 2 6 12 20

25 2 3 7 12 2 5 9 16 4 8 14 26 6 9 13 28

26 2 4 7 13 2 4 10 16 3 7 11 21 5 9 13 27

27 1 3 10 14 2 6 10 18 4 8 12 24 5 9 14 28

28 2 5 7 14 2 3 6 11 5 10 15 30 4 6 9 19

29 3 3 5 11 2 7 10 19 3 4 10 17 6 6 12 24

30 1 5 9 15 2 4 14 20 3 6 14 23 4 5 18 27

AVG 1.57 3.57 7.13 12.27 2.00 3.77 7.93 13.70 3.27 6.37 10.97 20.60 3.87 6.23 11.53 21.63 

STD 0.97 1.19 1.76 2.80 0.87 1.87 2.49 4.14 1.36 1.90 2.91 5.66 1.41 2.01 2.70 5.35 

MAX 3 5 11 17 4 8 14 21 5 10 16 30 6 9 18 29

MIN 0 1 4 6 0 0 3 6 0 2 5 9 1 1 6 8

AVG:Average,STD:StandarddeviationMax:Maximum Min:Minimum
Table1.Numbersofocclusalcontactpointsatcentricocclusionin0and

90degree
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2.Tendencyofcontactpointfollowingtheposturalchange.
Thetoothcontactpointoftheallsubjectstendedtoincreaseintheupright
positionthanthesupineposition.Thenumberofcontactpointwasincreased
andthetranspositionwasidentified.Buccalcusptipslidedtothemesiallyas
thesubjectpositionchangedfrom thesupinetotheuprightposition.
3.Thestatisticsoftheocclusalforcescore
T-ScanIIsystem iscapabletoobtaintherelativeocclusalforce.Tothesame
subjects,occlusalforcewasmeasuredbyscoringtherelativeocclusalforcesin
the0and90degree.Atthreedimensionalgraph,theyellow bargraphwas
given1point,2pointsforthegreenand3pointsfortheredcolor.Comparing
each sum of the 0 and 90 degree,the occlusal force difference was
found(Table.2,Fig.5,6).
Themeanocclusalforcepointswas73.44in0degreeand116.04in90degree.
Thisresultshowedstatisticallyconsiderabledifferences.(P<0.05)
4.Thestatisticsofthemuscleactivitydegree
At0degree,themeanmassetericmuscleelectromyogramswere124.87(left),
147.78(right)andthemeananteriortemporaliselectromyogram were52.64(left)
and70.40(right). At90degree,themeanmassetericmuscleelectromyograms

Fig. 10. Number of mean contact points at incisor,
premolar,molarduringeachpostures.
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were129.51(left),53.86(right)andthemeananteriortemporaliselectromyograms
were57.56(left),70.40(right).Thisresultsrevealedthatmassetericmusclehad
higherelectromyogram inbothangle.Thisresulthadstatisticallyconsiderable
differences(Fig.8,9).
Comparingbothsides,leftsideshowedhighertendencythantherightsidein
bothmasticatorymuscles.Massetericmuscleelectromyogram werein0degree
124.87/147.78(left/right)and in 90 degree 52.637/70.403. Anteriortemporalis
electromyogram wasin0degree129.51/153.86andin90degree57.56/70.403.
Thisresultshowed statistically considerabledifferencesonly in theanterior
temporalis.
When the electromyogram was compared based on the posturalchanges,
anterior temporalis showed 52.637/70.403 (left/Right) in 0 degree and
57.56/74.27(left/Right)in90degree.Massetericmuscleshowed 124.87/147.78
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(left/Right)in0degreeto129.51/153.86(left/Right)in90degree.Thisresults
hadnotstatisticallyconsiderabledifferences(P>0.05)(Table.3).

Subject

0 90

Ant.Temporalis m. Masseter m. Ant.Temporalis m. Masseter m.

Left Right Left Right Left Right Left Right

1 12.9 29.2 72 47.4 16 50.6 78.5 53.9

2 58.7 63.9 96.3 79.4 55.1 156 124.7 70.8

3 17.3 20.3 54.3 35.3 32.6 50.3 30.5 27.3

4 17.5 26.7 39 99 22.4 26.2 33.8 102.3

5 22.3 35.3 57.9 117 28.7 46.2 56.2 137.1

6 24.1 30.3 107.3 138.6 30.4 37.9 153.4 164.1

7 113.4 144.6 164.8 244.7 124.4 150.6 169.4 221.9

8 42.1 110.7 202.5 225.7 39.5 108.4 189.4 144.8

9 58.9 85.4 28 192.5 61.8 79.5 235.4 191.3

10 83.3 91.9 141.3 218.9 78.7 75.3 109.6 148.3

11 9.3 33.6 45.8 66 17 36.5 18.7 35.4

12 48.6 64.6 130.8 125.9 39.4 65.6 119.4 142.2

13 48.3 73.4 171.4 194.1 37.9 60.9 90.6 152.1

14 14 18.9 40.8 55.2 14.2 22.2 46.8 67

15 64.9 51.4 183 154.7 57.1 51.1 210.6 145.6

16 26.5 44.3 72.1 123.4 21.3 36.6 74.3 130.5

17 52.7 59.6 93.1 99.5 75.3 65.5 77.6 111.7

18 66.2 183.3 123.7 130.4 59.2 66.4 89.1 135.9

19 73.5 79.1 75.3 203.8 86.6 81.2 85.6 224.5

20 23.4 44.7 134 45.8 21.3 33.8 108 49.4

21 92.9 127.9 165.6 131.6 125.7 169.6 242.9 149.9

22 99.8 121.3 182.7 162.2 132.9 147.1 265.3 263.1

23 68.2 80.9 88.5 209.9 83.4 102 102.2 240

24 52.1 36.1 156.1 135.1 58.7 48.6 112.8 157.8

25 42.8 53.8 162.7 207 53.1 57 178.2 254.2

26 83.6 113.1 206.1 184.5 75.6 99.2 167.2 163.7

27 106.6 105.8 182.9 234.4 125.5 119.3 198.2 234.3

28 49.4 53.8 159.4 97.3 47.6 55.8 149.6 138.3

29 47.5 56.1 169.3 210.5 52.2 60.2 168.7 230.2

30 58.3 72.1 239.4 263.7 53.2 68.5 198.5 328.1

AVG 52.637 70.403 124.87 147.78 57.56 74.27 129.51 153.86

STD 29.039 40.054 58.206 65.601 34.516 40.158 66.677 73.08

MAX 113.4 183.3 239.4 263.7 132.9 169.6 265.3 328.1

MIN 9.3 18.9 28 35.3 14.2 22.2 18.7 27.3

AVG:Average STD:Standarddeviation
Max:Maximum Min:Minimum
Table3.MeanmuscleactivitydegreeofAnt.Temporalismuscle.&

Massetermuscle.in0and90degree.
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Fig.12.Mean EMG ofAnt.Temporalismusc;e.&
Massetermuscle.followingeachposition.
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ⅣⅣⅣ...DDDIIISSSCCCUUUSSSSSSIIIOOONNN

Atthefinalmomentoftheintercuspation,theloaddistributedthroughthe
temporomandibularjoint,maxillaandmandible.Toanalyzethefunctionofthe
stomatognathic system, occlusal contact should be evaluated since the
physiological relationship is preserved.The ideal occlusal contact hardly
achievesunderthevariousocclusalcontact,alltoothcontactpositionincentric
occlusion is used for the basic guideline.According to the definition of
Beyron2),theoptimum occlusionforthestabilityofthestomatognathicsystem
isthattooth occlusion doesnotcausehypertension ordamagesand atthe
same time makes harmony with other masticatory system.Stable centric
occlusion,accordingtotheDawson35),isimportantbasedonthatreason,the
distributionofthestresstoeachtoothdiminishestoothwearandprotectstooth
extrusion.Mannsetal.36),Bakeetal.37)andKim etal.38)claimedmasticatory
muscleactivitywouldbepresentedontheoptimum intercuspation.Moreover,at
themaximum inercuspation,tooth contactwould beaccomplished bilaterally.
Krough-Poulsen5) reported thatocclusalcontactwas resulted from afferent
impulseoftheperiodontalligamentandotherorofacialmuscleactivityandthe
stateoftheintercuspationpositionhindersthemandiblestoppingtherotational
movement and accomplishes the even tooth contact.On these condition,
Periodontal ligament activated and afferent impulse distributed broadly,
eventuallymasticatorymusclerelaxationwouldbeachieved.Ontheotherhand,
occlusalcontactactivatesthemechanoreceptoroftheperiodontalligamentand
attributestothenegativefeedbackfrom theclosingmuscles.37,39-42)Angeloneet
al.43)reportedthatactionpotentialhadproportionalrelationshipwiththeocclusal
forceintheisometriccontractionoftheclosingmuscles.And Funakoshiet
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al.44)alsoreportedtheorofacialmuscleactivitycorrespondedtothe postural
change.Inaddition,Rocabadoetal.45)statedthatocclulsalcontactstrengthwas
affectedby theposturalchange.Yeonetal.46)reportedthatocclusalcontact
pointswerechangedbytheocclusalstrengthrelatingtheanteriortemporalis
activity.Occlusalcontactpositionproceedsanteriorly astheposturechanges
from thesupinetotheuprightandtheincreaseoftheelectricstimulationto
thesuperficialtemporalisalsocausestheanteriorlyshifts.47)

The occlusal contact point evaluation usually is performed clinically
approachable. Therefore, when the patient's head position changes, the
complaintcomesout.Mandibularpositionproceedsposteriorlywhenthepatient
headmovesfrom theuprighttothesupineandallthesechangesrelateswith
the elongation orcontraction ofthe surrounding muscles and ligaments.48)

Therefore,thepatientspostureshouldbecarefullyconsideredwhenocclusionis
adjusted.Manyresearchesaboutthecontactpointchangeregardingwiththe
headposturalchangehadbeenperformed.Chapman49),usingT-scan,reported
thattheheadposturalchangecausesnoeffectonthetoothcontactpoint.On
theotherhand,Koildis50),usingspecialphotoplasticsheet,reportedthatocclusal
adjustment is needed to consider the posturalchange.According to the
Mc-Lean14),in theresearch oftheposturalchangeeffectusing electric-tilt
table,occlusalcontactwasincreasedandmovedtothemesiallyfrom supineto
theuprightposition.Additionally,theymeasuredbuccinatormuscleactivityand
reported thatposturalchange affected to the muscle activity to maintain
mandibularposition.Kim etal.51)comparedaboutcontactpointandtimeduring
habitualclosing and maximum closing among the upright,semisupine and
supineusing T-scan andreportedthathabitualclosing showedlesscontact
points,which wasconsistentwith Risseand Ericssion'sreports.7) However,
Kim's research didn'tshow statistically considerable differences.Previously
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reportedexperiments,excepting Kim's,thecontactpointmovedanteriorlyas
themandiblemovedanteriorlyand totalcontactpointswereincreased,The
presentexperimentalsoshowssameresults.
Sophisticatedapplianceshouldbeemployedtomeasureheadposturalangle.
NatureHeadPositionmarkerusedinthestudymaintainsheadpositionwhile
patient takes lateralcephalometric radiograph so that orthondontics have
adaptedthisapplianceearlier.Cole52)statedusageofthegeneralgoniometeris
inaccurateduetolessbonylandmarkerandthicksofttissuesincervicalarea.
Therefore, Molligoda etal.53) assumed visualestimation should be used
reluctantly,eventhoughitwasnotaccurateclinically.Additiontotheappliance
formeasuring headposturalangle,thematerialforthemeasurementofthe
occlusal contact should be thin and have short setting time and high
reproducibility.Theappliancetypeformeasuringtheocclusalcontact,occlusal
force,and thicknessshould beconsidered asthefactorsinfluencing to the
occlusalcontactpoint.
The Maness54) and the MIT researchers developed T-Scan system that
allowed tooth contactdata to be analyzed qualitatively and visually.Blue
decompressorcanrecognizefrom 100gto1.1Kg55)andreddecompressorhas4
times higher sensitivity than the blue decompressor.However,red extra
sensitivesensorisdesignedtorecognizethesensitiveclosinginductionorfew
occlusalcontact.Incaseofthemorethan10contactpoints, theredsensor
doesnotfitformeasuringthefullyintercuspatedocclusion.7)Eventually,inthis
article,bluesensorhasbeenused.Hsuetal.156)pointedoutT-Scansystem
showedsomesuspiciousresultsonanalysisoftheocclusion.Harvey57)etal.
reportedthatdecompressorshouldberestrictedlyusedatmosttwotimesand
overtimesprovidetheresultsinaccurate.AccordingKongetal.58),decompressor
wassuitableforrecordingocclusalcontactbutshowedfalsenegativecontact.
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Lyons59)reportedthatintheT-Scansystem barheightpresentedcontactpoints
butnotrelatedwiththeforces.Althoughthecontactpointsrecordedlessthan
realcontact,the system was usefulforevaluation contactpoints.T-Scan
system using 0.8mm thick sensor which might be able to change the
proprioceptorintheoralcavity,occlusalcontactevaluationcouldleadthesubtle
changeswhilemandibularmovementandocclusalcontact.Hence,in present
article,2 times of biting were performed to reduce the error by the
compression paper change inducing the maximum closing state with high
reproducibilityoftheocclusalcontactpointsandforce.
Thefactorswhichcouldaffecttothemasticatorymuscleactivity,whilethe
mandibularmovements,were examined. Those factors are the mandibular
posturalchangedemonstatedbyKwonetal.60),Jimenez61),Pleshetal.62)and
characteristicofthefoodreportedbyKohnoetal.63),Anderson64),Higash65)and
headposturalchangeclaimedbytheShinetal.66),Weinbergetal.67),Rootet
al.68)

Inordertoobservetheactivedegreeofmasticatorymuscle,electromyogram
hasbeenfrequentlyused.Thebasicconfigurationiseachactivemotorunit
excitationand theamplitudeispossibilityofactivemotorunitandthelog
totaloftheirexcitation frequency.69) Integralcalculusanalysisisused most
casesforthequantitativeanalysisofmuscleactivity.Inthemuscleswithsame
musclefiberintegration,integrated muscleactivity has correlation with the
isometriccontraction,sointegratedmuscleactivitycouldbelandmarkforthe
index ofthemuscleactivity.Becausethismethodhad thecorrelationonly
within themuscleswith samemusclefiberconfiguration,in thecompound
masticatorymuscle,therelationshipshowsdifferentlybycharacteristicsofthe
fiberconfigurations.30)Eventhough40-80msecdiffersbetweenthemaximum
electric muscle activity and the maximum mechanical masticatory force,
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recording maximum electricmuscleactivityisrelatively accuratemethodfor
recording maximum mechanical masticatory forces.70-72) When using
electromyogram measuring masticatory muscle activity was questioned in
credibilitybytheThrockmortonetal.73)andCecereetal.74),Lindaueretal.75)

reportedthatthedatawouldbecredibleespeciallywhensubjectsclenchand
masticate.Kroonetal.76)alsosupportedthecredibilitybyreportingthatduring
theclenchingthemuscleactivityisweakenedinthemuscledisorderpatients.
Moreover,even though electromyogram has been demonstrated as useful
method,duetosomevariablesuchasindividuality,differentmethodorduration
inonepatient,typeofelectrode,locationofelectrodeandthesubjectsposture,
thevalueofelectromyogram asthediagnostictoolshasbeenunderestimated.
Whensurfaceelectrodewasused,Barbeneletal.30)reportedthattheresults
weredifferedby the measurementmethodandtime.AlsoFrameetal.31)

mentioned electromyogram was changed by time because ofthe inaccurate
fixation oftheelectrode.Greenfield77) mentioned changes ofelectromyogram
wascausedbythetechnicalerror.Frameetal.31)mentionedabouttheproblem
ofelectrodeaffix,whichwasthemajorcauseofthemuscleactivitychange
ratherthan thevariousmuscularactivity.Ontheotherhand,Yoonetal.34)

urged thatthere was nota considerable differences among the examiners.
Especially,iftheexaminationwascarriedoutinthesameconditionevenby
the differentexaminer,the difference could be minimized.Additionally he
claimedthatthechieffactorforthechangeswasthedifferentmethodbythe
examiner,notbytheenvironmentalfactors.
From thesereports,itcouldbespeculatedthattherewouldbenodifferencein
measuringthemuscleactivity,butinthisarticle,settledelectrodefixationwas
giventogetridoftheerrorateverytime.
Sinceelectromyogram study forthehabitualmastication wasperformedby
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Mollerand Christensen etal.78),masticatory muscle activity research using
electrodehasbeecarriedout.However,Angeloneetal.43)demonstratedthatthe
locationofthere-affixelectrodeinfluencedtotheelectromyogram duetothe
differenceofthemuscleactivityandskinresistance.
AccordingtotheSimsandRuch79),thesurfaceelectrodewasinfluencedby
theadjacentmuscleandmeasureofthespecificmusclewasnoteasy,therefore
theinternalelectrodeshouldbeused.Yemm80)reportedthatsurfaceelectrode
could presentthe same electricalactivity measuring the internalelectrode.
Kawazoe28),Ralston81),Gibbs82),Hagberg83)demonstratedtherewascorrelation
betweentheintegratedelectricmusclepotentialandthemuscletensilestrength.
Latif84)reportedthat,whentheelectrodelocationchanges,thesurfaceelectrode
moreaffected than theinternalelectrode,consequently theresultspresented
strongerbutthereactiontendencywasconstant.
This study was performed to evaluate the influence ofthe generalhead
posturetotheocclusalforcesandmuscleactivity. Furtherstudiesregarding
sophisticated lateraland anteriorguidanceand varioushead posturewillbe
neededtogetmoreobjectivecriteriaonthesematters.Moreover,theremight
beexistdiversevariablesaboutthemeasurementofthemuscleactivityand
occlusalcontact.Therefore,standardized and reproducible method mustbe
appliedonthisfurtherstudies.Insummary,anteriortoothcontactaswellas
totaltooth contactwere increased as the posture changed from supine to
uprightaswellasmandiblemovedtotheanteriorly. Additionally, posterior
toothcontactalsowereincreased.However,thedifferenceinthesamesubjects
wasnotusuallyconsideredandtappingmovementwasusedtogettheclosing
movement.Theremightbesomeerrorsbecauseslidingofthecentricocclusion
wasn'tidentifiedandwaslessaccuratethanNHPmarkerdevelopingforthis
experiment.
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ⅤⅤⅤ...CCCOOONNNCCCLLLUUUSSSIIIOOONNNSSS

Thisstudypresentstherelationshipbetweenthemasticatorymuscleactivity
andocclusalcontactduringmastication.UsingBio-PakSystem(BioresearchInc
USA)andT-ScanSystem(TekscanCo.,USA),electromyogram oftheanterior
temporalisandmassetericmuscleandocclusalcontactweremeasuredinthe30
normalsubjects.The results are consistentwith the Horio85)'s resultthat
massetericmuscleshowedmoreresponsethantemporalisduringmastication.
1.Comparing both sideofthemassetericand temporalmuscleon centric
occlusion,rightsidemuscleshowedhigheractivitythanleft.Statisticallyonly
intheanteriortemporalisconsiderabledifferenceshowed.(P<0.05)
2.Mean contactforcewashigherin uprightthan supineposition.Supine
positionhad85.4anduprightpositionhad135.Thisresultsshowedstatistically
considerabledifference.(P<0.05)
3.Theelectromyogram oftheanteriortemporalisandmassetericmuscleswere
measured higherin theuprightposition than supineposition.However,this
resultdidnotshow statisticallyconsiderabledifferences.(P<0.05)



- 23 -

RRReeefffeeerrreeennnccceee
1)Yurkstas,A.A..“Themasticatoryact.”J.Prosthet.Dent.15:248-262,1965
2)Beyron,H..“Optimum occlusion.”Dent.Clin.NorthAm.13(3):537-554,1969.
3) Sheikholeslam,A.,and Riise,C.."Influence of experimentalinterfering
occlusalcontactsontheactivityoftheanteriortemporalandmassetermuscles
duringsubmaximalandmaximalbiteintheintercuspalposition",JOralRehabi.
10:207-214,1983
4)Celenza,F.V.,Nasedkin,J.N..“Occlusion-ThestateoftheArt.”Chicago,
QuintessencePub.Co.,1978
5)Krogh-Pulsen,W.G.,Olsson..“A managementoftheocclusionoftheteeth.
partsI& II.InL.Schwartzet.al.(eds)facialpainandmandibulardysfunction.”
Philadelphia,W.B.saundersCo.,1968.
6)Anderson,I.R.,Myers,G.E.."Natureofcontactsincentricocclusionin32
adults."JDentRes.50():7-13,1971.
7)Riise,L,.Ericsson,S.D.."A clinicalstudyofthedistributionofocclusaltooth
contactsintheintercuspalpositionatlightandhardpressureinadults."JOral
Rehabil.10:473-480,1938.
8)Berry,D.C.,Singh,B.P.."DiurnalVariationsinocclusalcontacts."J Prosthet
Dent.50:386-391,1983.
9)Friel,S.."Occlusion,Observation on itsdevelopmentfrom infancy toold
age."IntJOrthod.13:323,1977.
10)Hekkman,M.."FactorsinfluencingOcclusion."AngleOrthod.13:327,1942.
11)MakofskyHW,sextonTR,DiamondDZ,SextonMT:theeffecctofhead
postureonthemusclecontactpositionusing theT-scansystem ofocclusal
analysis.JCraniomadibpract9:316,1991
12)McLeanLF,BrenmanJH,FriedmanMG."Effectsofchangingbodyposition
ondentalocclusion.J.Dent.Res.52:1041-1045.1973
13)Chapman,R.J.,:Principlesofocclusionforimplantprostheses:guidelines
forposition,timing,andforceofocclusalcontacts.QuintessenceInternational
20:473-80,1989
14)Maness WL,PodolffR."Distribution ofocclusalcontacts in maximum
intercuspation."J ProsDent.62:238-242,1989.



- 24 -

15)HarveyWL,HatchRA,OsborneJW.."Computerizedocclusalanalysis:An
evaluationofthesensors."JProsDent.65:89-92,1991.
16)BoeningKW,WaterMH.."Computer-aidedevaluationofocclusalloadin
completedentures."JProsDent.67:339-344,1992.
17)Adrian,E.D.andBronk,D.W..“Dischargeofimpulsesinmotornervefibers:
frequency ofdischarge in reflex and voluntary contractions.”JPhysiol.67
:119-151,1929.
18)Moyers,R.E."Temporomandibularmuscle contraction patterns in Angle
ClassII,DivisionImalocclusions;Anelectromyographicanalysis."Am JOrtho.
35:837-857,1949.
19)Pruzansky,S.."Theapplication ofelectromyography todentalresearch."
JADA.44:49-69,1952.
20)Wood W.tobiasm D."EMG responsetoalteration oftooth contactson
occlusalsplintsduringmaximalclenching."JProsthDent.51:394-6,1984.
21)Raston,Liebman,F.M.,andCosenza,F.."Anevaluationofelectromyography
inthestudyoftheetologyofmalocclusion."JProsDent.10:1065-1077,1960.
22)Ranfjord,s.,and Ash,M.M.."Occlusion-"Occlusaladjustmentofnatural
teeth."Philadelphia:W.B.SaundersCo.:409,1983.
23)Griffin,C.J.,andMalor,R.:"Ananalysisofmandibularmovement."Oral
Physiol.1:159-198,1974.
24)Hickey,J.C.,Stacy,R.W.,andRinear,L.L.."Electromyographiocstudiesof
mandibularmusclesinbasicjaw movements."JProsDent.7:565-570,1957.
25)Griffin,C.J.,andMunro,R.R.:"Electrographyofthemasseterandanterior
temporalismusclesinpatientswithtemporomandibulardysfunction",ArchsOral
Biol,16:929-949,1971.
26)Moller,E.,Sheikholeslam,A.,andLous,I.:"Responseofelevatoractivity
duringmasticationtotreatmentoffunctionaldisorders",ScandJDentRes.92:
64-83,1984.
27)Ki-hwan,Kim.“Electromyogramaticstudyabouttheeffectwhichthedisign
oftheocclusalsplintaffectstotheactivityofthemasstetermuscle,incaseof
thelowerjaw movement.”KoreaDentalAssociation21:55-71,1983.
28)Kawazoe,Y.,Kotani,H.,and Hamoda,T.,and Yamada,S.."Effectsof
occlusalsplintontheelectromyographicactivitiesofmassertermusclesduring



- 25 -

maximum clenching inpatientswithmyofacialpain-dysfunctionsyndrome."J
ProsDent.43:578-580,1980.
29)Widmalm,S.andEricsson,S.G.:"Theinfluenceofeyeclosureofmuscle
activityintheanterorotemporalregion",J.OralRehab.,10:25-29,1983.
30)Barbenel,J.C.."Analysisofforcesatthetemporomandibularjointduring
function."Dent.Pract.,19:305-314,1969.
31) Frame J.W., Rothwell P.S., Duxbury A.J, "The standardization of
electromyography of the masseter muscle in man." Arch Oral biol. 48
:1419-1423,1973.
32)Yemm R."A newrophysiologicalapproachtothepathologyandetiologyof
tempromandibulardysfunction."JOralRehab.12:343-353,1985.
33)MajewskiRF,GaleeN."Electromypgraphicactivity ofanteriortemporal
areapainpatientsandnon-painsubjects."JdentRes.63;1228-1231,1989.
34)C.K.Yoon."ResearchonthereliabilityofEMG testusingEM2."Korea
DentalAssociation.1989;27(2);149-154
35)Dawson,P.E.:Evaluation,diagnosisandtreatmentofocclusalproblem,
2nded,St.Louis,C.V.MosbyCo.,1989,pp14-17
36)MannsA.,MirallesR.,ValdiviaJ.,BullR."Influenceofvariationinanterio
posteriorocclusalcontactsonelectromyographicactivity."JProsthetDent.,61(5)
:617-23.1989
37)BakkeM.MollerE.ThorsenN,M.,Occlusalcontactandmaximalmuscle
activityinnaturalmandibularposition.J.DentRes.59:892,1980.
38)Hye-young,Kim,S.H.Kim,J.K.Gap.:“A Studyontheeffectofthe
masticatory muscle fatigue to the stability ofdentition and the activity of
masticatorymuscle.”JKoreaOralmed.17:41-50,1,1992.
39)vanSteenbergheD,DeVriesJH."Theinfluenceoflocalanesthesiaand
occlusal surface area on the forces developed during repetitive maximal
clenchingefforts."JPerioDentalRes.13(3);270-74,1978.
40)RamfjordS P."Bruxism,aclinicalandelectromyographicstudy."JAm
DentAssoc62:21-44,1961.
41)AndersonD B,MatthewsB.Mastication.JWright& Sons,Bristol,cited
from JOralRehabil.10:240,1983.
42)Anderson D J,Picton DCA."Masticatory stressin normalandmodified



- 26 -

occlusion."JDentRes.37:312,1958.
43)AngeloneL,Clayton JA,BrandhorstWS."An approach to quantitative
Electromyographyofthemassetermuscle."JDentRes.39:17-23,1960
44) Funakoshi M, Fujita, N, Takehana S. "Relations between occlusal
interferenceandjaw muscleactivitiesinresponsetochangesinheadposition."
JDent.Res.55(4):684-90,1976.
45) Rocabado,F,Johnston BE,and Blankey MG."Physicaltherapy and
dentistry andoverview."JCraniomandPract.1:46～49,1982～1983
46)T.H.Yeon."A Study on occlusalcontactusing computerized occlusal
analysissystem."JKoreaOralmed.14:81-88,1989.
47)BerryDC.,SinghBP."Effectofeletromyographicbiofeedbacktherapyon
occlusalcontacts."JProsthet.Dent.51(3):397-403,1984.
48)DubrulEL."Sicher'soralanatomy."TheC.V.MosbyCo.,edt.7;187,1980.
49)Chapman RJ,Maness,Wl, Osorio J."Occlusalcontactvariation with
changesinheadposition." IntJProthdont.4(4):377-81:1991.
50)Koidis,P.,et.al. "Influenceofposturalpositiononocclusalcontactstrain
patterns."J.Dent.res.65(specialissue):189,Abstr.178:1986.
51)Y.K.Kim. "A Comparativestudyonthemaximalclenchingandhabitual
clenchingbytheT-scansystem."JKoreaOralmed.14:35-42:1989.
52)ColeTM,TobisJS:Measurementofmusculoskeletalfunction:goniometry.
InKottkeFJ,StillwellGK,LehmannJF(eds).Krusen'shandbookofphysical
medicineandrehabilitation.3rded.WBSaundersCo.,Philadelphia,1982.
53)Molligoda,M.A.,Berry,D.C.,and Gooding,P.G.:"Measuring during
variationsinocclusalcontactareas"J.Prosthet.Dent.,56:487,1986.
54)ManessWL,ChapmanRJ,DarioLD.."Laboratoryevaluationofadirect
readingdigitalocclusalsensor."JDentRes.43:308,1985.
55)Halperin,G.,Halperin,A.,and Norling,B."Thickness,strength,and
plastic deformation ofocclusalregistration strips."JProsthetDent.48(5):
575-8,1982.
56)Hsu.M.O.,Palla.S.,Gallo,L.M.:sensitivity andreliability oftheT-scan
system forocclusalanalysis.J.Craniomand.Disord.Facial& OralPain.6:17-23.
1992.
57)HarveyWL.,HatchRA.,andOsboroneJW."Computerizedocclusalanalysis



- 27 -

:anevaluationofthesensors."JProsthetDent.,65(1):89-92,1991.
58)KongCV,YangYL,& ManessWL."Clinicalevaluationofthreeocclusal
registrationmethodforguidedclosurecontacts."JProsthetDent.66(1):15-20,
1991.
59)Lyons MF.,Sharkey SW.,Lamey PF."An evaluation ofthe T-Scan
computerisedocclusalanalysissystem."Int.JProsthodont.5(2):166-72,1992.
60)Kwon OY,MinorSD,MalafKS,MudlerMJ."Comparison ofmuscle
activityduringwalkinginsubjectswithandwithoutdiabeticneuropathy"Gait
Posture.18(1):105-13,2003.
61) Jimenez ID."Electromyography of masticatory muscles in three jaw
registrationpositions."Am JOrthodDentofacialOrthop.95(4):282-8,1989.
62)PleshO,McCallWD Jr,GrossA."Theeffectofpriorjaw motiononthe
plotofelectromyographic amplitude versus jaw position." J ProsthetDent
60(3):369-73,1988
63)KohnoS,YoshidaK,KobayashiH."Paininthesternocleidomastoidmuscle
andocclusalinterferences."J.OralRehabil15(4):385-92,1988.
64)AndersonDJ."MeasurementofstressinmasticationII."JDentRes35(5)
:671-3,1956.
65) Higashi K."A Clinical study on the relationship between chewing
movementsandmasticatorymuscleactivities."OsakaDaigakuShigakuZasshi.
34(1)26-63:1989
66)M.Sin,K.S.Han."Researchonthecranio-cervicalpositionofTMD patient
by usingcervico-vertebralcurvature."JKoreaOralmed.20:361,1995.
67)WinnbergA,PancherzH."Headpostureandmasticatirymusclefunction.
AnEMGinvestigation."EuropeanJOrthodont.5(3) 209-17,1983.
68)RootGR,KrausSl,Ra200kSJ,SamsonGS."Effectofanintraoralsplint
onheadandneckposture."JProsthetDent58(1):90-5,1987.
69) Christensen LV."Physiology and pathophysiology of skelectalmuscle
contractionsPartⅠ.Dynamicactivity."JOralRehabil13(5):451-61,1986
70)Ferrario VF.Sforza C.D'Addona A,MianiA Jr.,"Reproducibility of
electromyographicmeasures:a statisticalanalysis."JOralRehabil.18(6):
513-21,1991.
71)GlarosAG,McGlynnFD.KapelL."Sensitivityspecificity,andthepredictive



- 28 -

valueoffacialelectromyographicdataindiagnosingmyofacialpain-dysfunction."
JCraniomandPract.7(3):189-93,1989.
72)C.G.Yun."ReliabilityofEMG testusingEM2."JKoreaDentAssociation.
27(2):149-154,1989.
73)ThrockmortonGS.,TeenierbTJ.,EllisE3rd."Reproducibilityofmandibular
motion and muscle activity levels using a commercialcomputer recording
systems."JProsthetDent68(2):348-54,1992.
74)CecereF,Rufs,PancherzH.."Isquantitativeelectromyographyreliable?"J
OrofacPain10(1):38-47,1996.
75)LindaucerSJ,GayT,RendellJ.."Electromyographic-forcecharacteristicsin
theassessmentoforalfunction."JDentRes.70(11):1417-21,1991.
76)KroonGW,NaeijeM.."Electromyographicevidenceoflocalmusclefatigue
in asubgroupofpatientswithmyogenouscraniomandibulardisorders."Arch
OralBiol.37(3):215-8,1992.
77)Greenfield,B.B.Wyde,B.D.:Electromyographic studies ofsome ofthe
musclesofmastication.Brit.dent.J.,100:129-143,1956.
78)ChristensenLV.,MohamedSE.,andHarrisonJD.."Toothcontactpattern
and contractile activity ofelevatorjaw muscles during mastication oftwo
differenttypesoffood."J.OralRehabil.10(1):87-95,1983.
79)Sims,D.B.and Ruch,J.D."Myoelectric powerspectrum analysis using
surfaceelectrodes:measurementproblems."J.Dent.Res.IADRAbs:705,1982.
80) Yemm R.. "The representation of motor-unit action-potentials on
skin-surfaceelectromyogram ofthemasseterand temporalmusclein man".
ArchsOralBiol.22(3):201-5,1977.
81)Ralston.H.T.:Usesandlimitationsofelectrographyinquantitativestudyof
skeletalmusclefunction,Am.J.Ortho.47:521.1961.
82)GibbsCH,MahanPE,LundeenHC,BrehnanK,WalshEK,HolbrookWB:
"Occlusalforces during chewing and swallowing as measured by sound
transmission."JProsthetDent.,46(4):443-9.1981.
83)Hagberg C."Theamplitudedistribution ofelectromyographicactivity in
painful masseter muscles during unilateral chewing." J Oral Rehabil.
14(6):531-40,1987
84) Latif,A.:Eletromyographicstudy ofothetemporalismusclein normal



- 29 -

personsduring selected position and momentofthemandible.Sm JOrtho.
43:577-591,1957.
85)HorioT.,KawamuraY.."Effectsoftextureoffoodonchewingpatternsin
thehumansubject."J.OralRehabil.16(2):177-83,1989.


	I. INTRODUCTION
	Ⅱ. MATERIALS AND METHODS
	Ⅲ. RESULTS
	Ⅳ. DISCUSSION
	Ⅴ. CONCLUSIONS
	REFERENCES

