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국문 초록

자자자세세세 변변변화화화에에에 따따따른른른 치치치간간간 접접접촉촉촉 강강강도도도에에에 대대대한한한 평평평가가가

김 희 선
지도교수;오 상 호,치의학 박사
조선대학교 대학원,치의학과

치간 접촉이란 같은 악궁 내에서 인접 치아와 근접해 있거나 연결 또는 접촉하
고 있는 치아의 부위를 말하는 것으로 적절한 치간 접촉은 악궁을 유지하고 안정
화하는 데 중요한 역할을 한다.그러나 치간 접촉은 일정하지 않으며 여러 가지 요
인들에 의해 변할 수 있다.본 연구는 치간 접촉에 영향을 주는 여러 요인 중 자세
의 변화가 구치부 치간 접촉에 미치는 영향을 조사하고자 하였다.정상교합을 갖고
있으며 인접면의 우식이나 수복치료 경험이 없는 12명의 성인을 대상으로 상하악
우측 견치와 제1소구치,제1소구치와 제2소구치,제2소구치와 제1대구치,제1대구치
과 제2대구치 사이의 치간 접촉 강도를 측정하였다.초기 치간접촉강도는 직립위에
서 측정하였다.인접면에 0.03mm 두께의 metalstrip을 끼우고 일정한 속도로 제거
하여 마찰력을 측정하였다.각 접촉점에서 4번의 측정이 이루어졌고 최고값과 최저
값을 제외한 나머지 2개 값의 평균값을 접촉강도로 결정하였다.초기 측정이 끝난
뒤 참가자들을 앙와위로 2시간 동안 위치시킨 후에 모든 측정이 반복되었다.두 번
째 측정이 끝난 뒤 참가자들을 다시 2시간 동안 직립위로 위치시킨 후에 모든 측
정이 반복되었다.통계학적 분석은 SPSSver.12.1(SPSSInc.,Chicago,USA)에
서 Friedmantest를 이용하여 이뤄졌다.대체적으로 초기 직립위에서 앙와위로 갈
때는 접촉 강도가 감소하였고,앙와위에서 최종 직립위로 갈 때는 증가하였다.상
악에서는 견치와 제1소구치 사이를 제외한 나머지 부위에서 모두 통계학적으로 유
의한 변화를 보였으나 하악에서는 제1대구치와 제2대구치 사이에서만 유의한 변화
를 보였다.본 연구 결과,일반적으로 안정된 교합의 특징으로 생각되는 구치부 치
아의 치간접촉강도가 자세에 의해 변한다는 것을 알 수 있었다.
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ⅠⅠⅠ...IIINNNTTTRRROOODDDUUUCCCTTTIIIOOONNN

Proximalcontactistheareaofatooththatisincloseassociation,connection
orintouchwithanadjacenttoothinthesamearch.1Thetoothisstabilizedby
contactwiththeadjacentteethaswellasbyocclusalcontactwiththeopposite
tooth.2 Properproximalcontactplays an importantrole in maintaining and
stabilizingthedentalarch.3However,weakorslightlyopenedproximalcontact
causesfoodimpaction,dentalcaries,periodontaldisease,failureofocclusionand
an undesirabledriftoftheteeth.On theotherhand,contacttootightcan
damagetheperiodontaltissueorcauseimpropertoothmovementorinterfere
with thephysiologicaldisplacementoftheteeth.Therefore,maintaining the
propere proximalcontactin naturaldentition and in tooth restorations is
important.4-11

Theproximalcontactstrength (PCS)during tooth restoration isgenerally
determinedbytheflossthatpassesthroughthecontactpoint.Dentistsnotethe
propercontactinclinicaltreatmentastheentryofflosswithasnap.12This
methodissimplebutitisdifficulttodetectthedetailedchangesinthePCS.10

ThePCS isconsideredtobetootightiftheflosscannotpassthroughthe
contactareaortearoutduring entry,buttooweakiftheflosspassesthe
contactareatooeasily.13

Therefore,itisimportanttoinvestigatetheproperPCS.Osborn14 initially
reportedtheconceptofaPCSmeasuringmachineusingthefrictionalforcethat
occurswhenaninsertedthinmetalstripescapesfrom theproximalarea.When
ametalstripisinsertedbetweenthenearbyteeth,eachtoothisdisplacedand
theyproduceaforcetoresistthedisplacement.ThePCS isdefinedasthe
forceoftheteethresistingthemesio-distaldisplacement,andthetechniqueof
measuring theresistanceisbased on theconceptoffrictionalforce.Many
studieshaveevaluatedthePCS byusingthefrictionalforce.Tomeasurethe
PCS,Dörfer .15useda0.05mm thickmetalstripandOh .16invented
equipmentto removea 0.03mm thick metalstrip parallelto theproximal
surface.
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Southard .17reportedthattheanteriorportionofanocclusalforcemade
from theposteriormolarandthedegreeofirregularityintheanteriorteeth
werebothrelatedtothecontactstrengthofunrestoredposteriorteeth.Dörfer

.15suggestedthatthePCSisnotaconstantvaluebutcanbeinfluenced
byavarietyoffactors.Althoughtheimportanceofpropercontactstrengthis
widely accepted by the dentalcommunity,the physiologicalfactors that
influenceitsmagnitudehavenotbeenclearlydefined.Therefore,thepurposeof
thisstudywastoexaminetheinfluenceofaposturalchangeontheposterior
PCS.
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ⅡⅡⅡ...MMMAAATTTEEERRRIIIAAALLLSSSAAANNNDDD MMMEEETTTHHHOOODDDSSS

DetailsofthePCS measuring equipmentused in thisstudy arereported
elsewhere.18Briefly,theapparatusconsistedofasensorpart,motorpart,body
partandmeasuringpart.Thesensortransformstheoutputvoltagefrom the
strain gauge sensor to a digitalsignal,and the measurementlimitis a
maximum of98 Newton (N).The motorpartis a driving motor.In the
measuringpart,ametalstrip,2mm inwidthand0.03mm inthickness,is
fixed with ascrew and inserted intotheproximalsurface.When thestart
buttonispushed,themetalstripisremovedatavelocity of8mm/s.The
distalpartofthemeasuringsection,whichisbentinarightangle,enables
easiermeasurementsattheposteriorteeth.
Twelveyoungandhealthyadults(male:8,female:4),agedbetween23-33

years(meanage:25.3yearsold),withaclassI,normalocclusionconsentedto
participateinthestudy.Allsubjectshadhealthyperiodontaltissueandcomplete
dentition from the second molars forward.No subject had a history of
prosthetictreatment,proximalrestorationororthodontictreatmentoverlast1
year.Inaddition,theydidnotshow anysignsorsymptomsoffoodimpaction
orTMJdisorders.
Thesubjectswererequiredtoremainintheuprightpositionforatleast1

hourbeforethestartofthemeasurements,andaskedtorefrainfrom eating
from least1hourbeforetheexperimentuntiltotheendoftheexperiment.
However,occlusalcontactorloadingthatoccursduringgeneralswallowingor
clenchingwasallowed.Afterthesubjectsatintheuprightposition,theywere
askedtoremaininacomfortable,musclerelaxedstate.Afterturningonthe
equipment,thezeropointsettingwascarriedout.Beforeeachexperiment,the
proximalsurfacewasdriedwithanairsyringeandametalstripwasthen
insertedintotheproximalsurface(Fig.1).
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Fig.1.Measurementoftheproximalcontactstrengthbetweenthefirstmolar
andsecondmolarintherightsideofthemandible.

TheinitialPCSswereobtainedatthemaxillaryandmandibularcanine-first
premolar,firstpremolar-secondpremolar,secondpremolar-firstmolarand
firstmolar- second molarproximalcontactpoint.Afterpushing thestart
button,themetalstripwasremovedataconstantvelocity.Thehighestvalue
obtained during removalwasregarded asthePCS.Each measurementwas
repeated4times.TherepresentativePCSofeachspacewasdeterminedfrom
an averageofthe2intermediatemeasurements,i.e.thehighestand lowest
valueswereexcluded.Duringthemeasurement,allsubjectswererestrictednot
to make an occlusion,and a 2 minute-intervalwas allowed between each
measurement.Allexperimentswerecarriedoutatapproximately7pm andthe
subjectwasallowedsufficientrestafterdinner.
AftermeasuringtheinitialPCS,thesubjectswereaskedtonextassumethe

supineposition.After2hourshadpassed,allthemeasurementswererepeated.
Thesubjectsthenreturnedtotheuprightpositionforanadditional2hoursand
thesameprocedureswererepeated.
StatisticalanalysisofthedatawascarriedoutusingSPSS ver.12.1(SPSS,

Inc.,Chicago,USA).A Friedmantestwasusedtoevaluatethechangesinthe
PCSineachproximalsurfaceaccordingtotheposturalchange;initialupright,
supineandfinaluprightposition.A valueof <0.05wasconsideredsignificant.
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ⅢⅢⅢ...RRREEESSSUUULLLTTTSSS

Generally,thecontactstrengthdecreasedwhentheposturewaschangedfrom
an initialuprighttoa supineposition.Thecontactstrength then increased
when theposition waschanged from thesupinetouprightposition.In the
maxilla,everyotherareaexceptbetweenthecanine-firstpremolarshowed
significantchanges(TablesⅠ-Ⅳ,Figs2-5).However,in themandible,the
onlyareashowingasignificantchangewasbetweenthefirstmolar-second
molar(TablesⅤ-Ⅷ,Figs6-9).

TableⅠ.Proximalcontactstrength(N)betweenthecanineandfirstpremolar
inthemaxillaaccordingtothepostureofthesubjects

Position
Subject Initialupright Supine Finalupright value

1 0.66 0.67 0.93

.141

2 0.90 0.82 1.03
3 0.54 0.41 0.60
4 2.09 1.23 1.78
5 0.69 0.55 0.69
6 0.91 0.86 0.85
7 0.98 1.07 1.12
8 0.94 0.90 0.82
9 0.78 0.72 0.72
10 1.16 1.11 1.10
11 0.83 0.70 1.03
12 1.25 0.88 0.87
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Fig.2.Thechangesinproximalcontactstrength(N)betweenthecanineand
firstpremolarinthemaxillaaccordingtothepostureofeachsubject.

TableⅡ.Proximalcontactstrength(N)betweenthefirstpremolarandsecond
premolarinthemaxillaaccordingtothepostureofthesubjects

Position
Subject Initialupright Supine Finalupright value

1 0.91 0.78 0.99

.011

2 1.08 0.86 1.17
3 0.76 0.72 0.71
4 1.81 1.15 1.76
5 0.87 0.67 0.81
6 0.91 0.82 0.84
7 0.93 0.94 1.19
8 1.07 0.88 0.90
9 1.01 0.85 0.94
10 1.25 1.35 1.40
11 1.00 0.91 0.99
12 1.36 1.12 0.98
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Fig.3.Thechangesinproximalcontactstrength(N)betweenthefirstpremolar
andsecondpremolarinthemaxillaaccordingtothepostureofeachsubject.

TableⅢ.Proximalcontactstrength(N)betweenthesecondpremolarandfirst
molarinthemaxillaaccordingtothepostureofthesubjects

Position
Subject Initialupright Supine Finalupright value

1 1.35 1.20 0.53

.002

2 1.14 1.05 1.17
3 0.93 0.81 0.82
4 2.75 1.73 3.08
5 0.89 0.73 0.89
6 1.07 0.82 0.87
7 1.00 1.05 1.27
8 1.06 0.88 1.09
9 1.12 1.02 0.95
10 1.92 1.72 1.72
11 1.05 0.88 0.97
12 1.68 0.97 1.42
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Fig.4.The changes in proximalcontactstrength (N)between the second
premolarandfirstmolarinthemaxillaaccordingtothepostureofeachsubject.

TableⅣ.Proximalcontactstrength(N)betweenthefirstmolarandsecond
molarinthemaxillaaccordingtothepostureofthesubjects

Position
Subject Initialupright Supine Finalupright value

1 0.88 0.71 1.04

.000

2 0.98 0.90 0.98
3 0.77 0.69 0.85
4 1.85 1.46 1.52
5 0.74 0.61 0.72
6 1.41 1.13 1.20
7 1.00 1.04 1.35
8 1.19 1.12 1.29
9 1.02 0.73 0.80
10 2.63 2.20 2.68
11 1.07 0.71 0.78
12 1.55 1.14 1.29
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Fig.5.Thechangesinproximalcontactstrength(N)betweenthefirstmolar
andsecondmolarinthemaxillaaccordingtothepostureofeachsubject.

TableⅤ.Proximalcontactstrength(N)betweenthecanineandfirstpremolar
inthemandibleaccordingtothepostureofthesubjects

Position
Subject Initialupright Supine Finalupright value

1 0.78 0.72 0.97

.666

2 0.57 0.66 0.79
3 0.51 0.56 0.43
4 1.17 0.94 1.16
5 1.07 0.89 0.93
6 0.98 0.83 0.98
7 1.12 0.91 1.07
8 0.79 0.80 0.73
9 0.67 0.71 0.69
10 0.37 0.47 0.42
11 0.76 0.40 0.72
12 0.99 0.91 0.85
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Fig.6.Thechangesinproximalcontactstrength(N)betweenthecanineand
firstpremolarinthemandibleaccordingtothepostureofeachsubject.

TableⅥ.Proximalcontactstrength(N)betweenthefirstpremolarandsecond
premolarinthemandibleaccordingtothepostureofthesubject

Position
Subject Initialupright Supine Finalupright value

1 0.87 0.74 1.00

.051

2 0.70 0.67 0.84
3 0.86 0.91 0.84
4 1.73 1.44 1.80
5 0.81 0.61 0.79
6 1.12 1.06 1.13
7 1.11 0.87 1.16
8 1.10 0.95 1.09
9 1.01 0.91 0.89
10 1.21 1.41 1.58
11 1.08 0.80 0.98
12 1.35 1.13 1.06
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Fig.7.Thechangesinproximalcontactstrength(N)betweenthefirstpremolar
andsecondpremolarinthemandibleaccordingtothepostureofeachsubject.

TableⅦ.Proximalcontactstrength(N)betweenthesecondpremolarandfirst
molarinthemandibleaccordingtothepostureofthesubjects

Position
Subject Initialupright Supine Finalupright value

1 1.10 0.93 1.18

.168

2 1.39 1.32 1.44
3 0.86 0.91 0.86
4 2.29 1.93 2.41
5 0.90 0.81 0.89
6 0.99 0.98 0.94
7 1.24 1.16 1.30
8 1.48 1.21 1.19
9 1.19 1.01 1.13
10 2.27 1.96 2.45
11 1.00 0.99 0.96
12 1.12 1.24 1.11
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Fig.8.The changes in proximalcontactstrength (N)between the second
premolarand firstmolarin themandibleaccording to thepostureofeach
subject.

TableⅧ.Proximalcontactstrength(N)betweenthefirstmolarandsecond
molarinthemandibleaccordingtothepostureofthesubjects

Position
Subject Initialupright Supine Finalupright value

1 1.11 1.04 1.52

.001

2 1.09 1.08 1.18
3 0.85 0.92 0.96
4 1.59 1.30 1.39
5 1.12 0.87 1.06
6 1.42 1.26 1.31
7 1.49 1.20 1.62
8 1.30 1.20 1.27
9 1.33 1.04 1.25
10 3.30 2.58 3.15
11 0.94 0.68 0.84
12 1.42 1.33 1.17
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Fig.9.Thechangesinproximalcontactstrength(N)betweenthefirstmolar
andsecondmolarinthemandibleaccordingtothepostureofeachsubject.

When a posturalchangewasmadefrom an initialuprightposition to a
supine position,the maximum decrease was observed between the second
premolar-firstmolarinthemaxilla,andtheminimum decreasewasobserved
atthecanine-firstpremolarinthemandible.Afterreturningtotheupright
position,themaximum increasewasobservedatthesecondpremolar-first
premolarinboththemaxillaandmandible,andtheminimum increaseoccurred
atthecanine-firstpremolarinthemandible(Figs10and11).
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Fig.10.Thechangesinproximalcontactstrength(N)ineachregionofthe
maxillaaccordingtotheposturalchange.

Fig.11.Thechangesinproximalcontactstrength(N)ineachregionofthe
mandibleaccordingtotheposturalchange.
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IIIVVV...DDDIIISSSCCCUUUSSSSSSIIIOOONNN

The equipmentused in this study measured the PCS by evaluating the
frictionalforcemadewhilepullingathinmetalstripbyanelectricmotorafter
insertingitintotheproximalsurface.Southard .19couldnotmeasurethe
PCSbetweenthefirstandsecondmolarsduetothelimitationofthemeasuring
equipment. However, the equipment used in the present study enabled
measurementduring occlusion as wellas atbetween the firstand second
molarsbyminimizingthevolumeoftheintraoralpartandbybendingthetip
inarightangle.Thefrictionalforceisindependentofthesurfacecontactarea
and velocity ata low velocity,particularly in rangeof0.83-8.33 mm/s.20,21

Therefore,themetalstripwasremovedataconstantvelocityof8mm/sto
ruleouttheeffectsoftheremovalvelocityonthecontactstrength.
Astheposturewaschangedfrom aninitialuprighttoasupineposition,the

PCS generally decreased in both dentalarches and then increased after
returning to the finaluprightposition from the supine position.When the
posture changed from an initialuprightto supine position,there was a
significantdecreaseinallareasexceptbetweenthecanineandfirstmolarin
themandible,whichcorrespondstotheresultsreportedbySouthard ..19

Afterreturningtothefinaluprightposition,significantincreaseswereobserved
intheremainingareaexceptbetweencanine-firstpremolarinbotharches
andsecondpremolar-firstmolarinthemandible.Incontrast,Southard .19

reportedsignificantincreasesonlybetweenthesecondpremolar-firstmolarin
themaxillaandmandible.However,theycouldnotmeasurethevaluebetween
thefirstandsecondmolarduetothelimitationsoftheirmeasuringequipment.
Dentistsgenerallyconsidertheproximaltoothcontacttobeastaticfeatureof
occlusion.However,this assumption is actually incorrectbecause the PCS
changeswithposture.
ItappearsthatthePCS isinfluencedbyavarietyoffactors,includingthe

placeandshapeoftheteeth,masticatoryaction,amountofmouthopeningand
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posturalchanges,suchasvariouspositionsoftheheadetc..15Inseveralstudies,
generalincreasesinPCSfrom theanteriortoposteriorteethwerereportedand
significant differences were observed between the anterior and posterior
teeth.9,15,22 Southard .23 insistedthatthenearbyteethmakecontactwith
slightpressurewith each other,and Kasahara .11 observed a3-21µm
space between the adjacentteeth using a CCD (Charge Coupled Device)
microscope.
Slightcontactofthespacebetweentheadjacentteethcanbetightenedor

disappeared by tooth intrusion caused by theverticalportion ofthepower
during itsfunction,andthemesialdisplacementoftheteethcausedby the
horizontalportion of the power.These changes increase the PCS.17 The
masticatoryhabitsalsohaveeffects,andpeoplewithaunilateralmasticatory
habitshow alargerincreaseintheworkingsideaftermastication.9Inorderto
minimizetheeffectsoffunction,thesubjectswereaskedtorefrainfrom eating
from 1hourbeforethemeasurementuntilallmeasurementshadbeentaken.
However,occlusalcontactorocclusalloading thatoccurredduring functions,
suchasswallowingorspeaking,wereallowed.
The amountofmouth opening also affects the PCS due to mandibular

deflectionresultingfrom activationoftheinferiorheadofthelateralpterygoid
muscle.14 Astheequipmentusedinthisstudyremovedametalstripinthe
paralleldirection,therewasnoneedforexcessivemouthopening.Thisisin
contrastto otherequipment,which removesthemetalstrip forward tothe
occlusalplane.15 Hence,the opening range ofthe subjects was limited to
approximately20mm.Inordertominimizetheeffectofmouthopeningonthe
PCS,thesubjectswereaskedtobeinacomfortablestatesoeverymuscle
wouldberelaxedasmuchaspossible.Inaddition,thefrictionalforcecouldbe
changedbytheconditionofthecontactsurface.Therefore,themeasuringsite
wasdriedbeforeeachmeasurement.20

Althoughthedifferenceisslight,thePCS changedwithtime.ThePCS in
thestablestateincreasesinthemorningandthendecreasesintheafternoon.15

Thiswasexplainedbyfatigueandthemucoelasticfeatureoftheperiodontal
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ligament.Becausethehighestlevelofmasticatory muscleactivation occurs
duringtheeatingperiodsinthedaytime,24everymeasurementwascarriedout
at7pm,whichisafterdinnerandsufficientrest.Anintervalof2hourswas
allowedbetween each measurementbecausethechangesin contactstrength
werenotobservedimmediatelyandwewishedtoobtainfullexpressionofany
effectfrom posture.
A changeinheadpositionaltersthebloodflow oftheperiodontalligament

andgravityactingontheteeth.Whenapersonmovesbetweentheuprightand
supine position,the musculo-skeletalsystem,neuralsystem and circulatory
system cooperatetocompensateforthechangeinbloodflow.Inthesupine
position,an increase in cardiac output due to increased venous return
up-regulates the diastolic arterialpressure and average arterialpressure.25,26

Furthermore,the increased pressure ofthe blood vessels produces a force
sufficiently largeto movetheteeth underthephysiologicalstate.27 Several
studieshavereportedthatteethundergopulsatilemovementscorrespondingto
thearterialpulse.28,29Changingposturefrom anuprighttoasupinepositioncan
increase the levelofblood congestion orblood pressurein the periodontal
ligament.Thefactthatthesealterationscanresultinslightextrusionofthe
teethfrom thealveolarsocketseemstobequitreasonable.Thisextrusioncan
causeaslightdecreasein thealveolarbonesupportfortheteeth,andthis
decreased resistancecan decreasethePCS.Oppositeactionsoccurred when
returningtothefinaluprightpositionfrom thesupineposition.
Thereisachangeinthedirectionofgravityfunctioningontheteethasthe

subjectsmovefrom theuprighttosupineposition.Whenoneisintheupright
position,gravity functions along the long axis ofthe teeth.However,the
gravitychangesdirectiontowardthebackinthesupineposition.19Hence,every
toothexperiencesdorsalangulationinthebonyalveolarsocket.Consequently,
themoreposteriorteethwillshow ahigherlevelofdistalangulationcausedby
aposturalchange.Theinterrelationshipbetweentheposteriorpositionofthe
teethandthegraduallyincreasingdistalangulationwouldweakenthePCSin
theposteriorteeth.Thisisclearfrom theresultsofthepresentstudy.An
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oppositereactionwasobservedwhenthesubjectreturnedtothefinalupright
positionfrom thesupineposition.
TheeffectsofpostureonthePCSshouldbeconsideredwhenplacingfixed

prostheses or restoration in the proximalsurface.12,30 The placementofa
posteriorrestorationandsubsequentjudgmentofthecontactstrengthbydentist
afterthepatientisinitiallyseateduprightinthedentalchairwillreflectmost
accurately thePCS when thepatientisfunctioning during theday.On the
otherhand,arestoredcontactthatisjudgedtobeofsuitabletightnessaftera
long appointmentwiththepatientinthesupinepositionmaybeexcessively
tightresultinginundesirabletoothmovement.
In this study,the PCS from some subjects did notfollow the general

changes.An evaluation oftheeffectoffactorsotherthan posturewillbe
neededbecausethePCSisaphysiologicalfeaturethatisinfluencedbymany
factorssuchaspositionandshapeoftheteeth,mastication,amountofmouth
openingandpassageoftime.
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ⅤⅤⅤ...CCCOOONNNCCCLLLUUUSSSIIIOOONNN

TheeffectsofpostureonthePCSoftheposteriorteethwereexaminedby
measuringthePCSof12adultsintheinitialupright,supineandfinalupright
position.Generally,therewasadecreaseinstrengthatallposteriorproximal
contactsin themaxilla and mandiblewhen thesubjectsassumed a supine
posture.Ontheotherhand,therewasanincreaseincontactstrengthafter
returningtotheuprightpositionfrom thesupineposition.Overall,thePCSof
theposteriorteeth,whichdentistsgenerallyconsidertobeastaticfeatureof
occlusion,wasalteredsignificantlybychangesinposture.
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