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국문 초록

영영영구구구 치치치열열열에에에서서서 치치치간간간 접접접촉촉촉 강강강도도도의의의 측측측정정정

김 경 화
지도교수;오 상 호,치의학 박사
조선대학교 대학원,치의학과

치간 접촉이란 동일 악궁에서 인접 치아와 연결 또는 접촉되는 치아의 한 부분
으로 적절한 치간 접촉은 악궁의 연속성 유지 및 안정에 기여한다.그러나 과도한
치간 접촉은 바람직하지 않은 치아이동 및 치주조직의 외상을 일으키고 반대로 약
한 치간 접촉은 치아우식 및 치주질환 등을 야기할 수 있다.따라서 적절한 치간
접촉을 유지하는 것이 중요하나 그 접촉 강도를 정량적으로 평가한 논문은 많지
않다.본 논문에서는 새로 개발한 장치를 이용하여 영구 치열에서 전 치간부의 접
촉 강도를 측정하였다.이 장치는 치간부에 삽입된 얇은 금속판을 전기모터를 이용
하여 일정한 속도로 제거하고,그 때 발생하는 마찰력을 측정하여 치간 접촉 강도
를 평가하는 장치이다.성인 10명(남 :5명,여 :5명,나이 :25-29세)을 피험자로
선정한 후 각 치간부의 접촉강도를 5회 측정하였으며 이 중 최대값과 최소값을 제
외한 나머지 값의 평균값을 그 치간부의 대푯값으로 결정하였다.One-way
ANOVA test와 independentsamplesT-test를 이용하여 각 측정값을 비교하였다.
그 결과 같은 악궁에서는 전치부에서 구치부로 갈수록 접촉강도가 증가하는 양상
을 보였으며,1/4악당 나누어 전치부와 구치부의 평균 치간 접촉 강도를 비교 한
결과 4부위 모두에서 통계적으로 유의한 차이를 보였다.상하악간에는 대체로 하악
에서 더 높은 치간 접촉 강도를 보였으나 어느 부위에서도 통계적으로 유의한 차
이를 보이지 않았다.또한 남녀 간에 비교 한 결과 남성이 여성보다 더 높은 치간
접촉 강도를 보였으나 상악 우측 제1소구치와 제2소구치간 접촉부 및 하악 좌우측
제 1대구치와 제 2대구치간 접촉부를 제외하고는 유의한 차이를 보이지 않았다.
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ⅠⅠⅠ...IIINNNTTTRRROOODDDUUUCCCTTTIIIOOONNN

Underphysiologicalconditions,teeth are stabilized in the dentalarch by
making occlusalcontacts with opposing teeth and proximalcontacts with
adjacentteeth1).Proximalcontacthasbeendefinedastheareaofatooththat
isincloseassociation,connectionortouchwithanadjacenttoothinthesame
arch2).Theproperproximalcontactplaysanimportantroleinthestabilityand
maintenanceoftheintegrityofthedentalarches3).However,aweakorslightly
openproximaltoothcontactwouldpermitfoodimpactionandcausesubsequent
dentalcaries,halitosis,periodontaldisease,ordrifting ofteeth.Ontheother
hand,excessiveproximaltoothcontactwouldresultsinwedgingofteethand
undesirabletooth movementand trauma ofperiodontium4-9).Therefore,itis
importanttomaintainproperproximaltoothcontact.
AlexanderD etal.10)reportedthattheproximalcontactismaintainedbythe

nexttwoconflictivetheories.:Thefirsttheory,compressiontheory,isthatthe
compressionforceoccursproximalsurfacebetweenadjacentteethandkeepsan
activeproximalcontact.Thesecond theory,resistancetheory,isthatteeth
toucheachotherpassivelyinanon-forcemode,butresistinganyforcewhich
triestoseparatethem.
Tightnessofproximaltooth contact(TPTC)isconventionally checked with

dentalfloss11,12).Itisconsideredthatsuchacontactallow flosstopasswitha
snap13).Although thismethodissimpleandeasy,itisinaccuratetorecord
slightchangeofTPTC14).Iftheassessmentisperformedusingathinmetal
strip,morereliableinformationaboutthecontactstatemaybeacquired15,16).
Osborn17) wasthefirstwhoconstructed adevicebased on thetheory of

frictional force to quantify the TPTC by inserting a thin metal strip
interdentallywhichispulledoutwithaspringbalanceinhorizontaldirection.
Whenastripisslippedbetweentwoadjacentteeth,eachtoothisdisplacedand
exertsaforceagainstthestrip.Themaximum frictionalforce(Ff)thatresists
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withdrawalisavaluefortheTPTC.With aknown coefficientofdynamic
friction(μ)betweentoothenamelandmetalstripmaterial,TPTCisrelatedtoFf
bythefollowingequation:Contacttightness=Ff/2μ(N).Modificationsofthis
deviceweredescribedinseveralotherstudies.Southardetal.18)usedadigital
tensiontransducertomeasurethefrictionalforceoccurredatpullingmetalstrip
of0.038mm-thickness,whereasOhetal19)constructedadeviceequippedwitha
digitalstraingaugedesignedtoconvertthefrictionalforceintocompressive
forceusingahinge.Dörferetal.20)developedadevicewhichthemetalstripof
0.05mm-thicknesswasfixedinaspecialholder,whichwaspreparedwithstrain
gaugestoregisterthebendingactionoftheholderduringremovalofthestrip.
TPTCwasmeasuredbydeviceasstatedabovequantitatively,nevertheless,the
dataarenotenoughyet.
Theobjectivesofthisstudy wasto measuretheTPTC ofallproximal

contactusinganoveldeviceinpermanentdentition.
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ⅡⅡⅡ...MMMAAATTTEEERRRIIIAAALLLSSSAAANNNDDD MMMEEETTTHHHOOODDDSSS

AAA...SSSuuubbbjjjeeeccctttsss
Ten healthy young adults(5 males and 5 females)with class Inormal

occlusionconsentedtoparticipateinthestudy.Themeanageofthesubjects
was26.1years(range:25-29years),andinformedconsentwasobtainedfrom
allparticipants.Allsubjectshadcompletedentitionsfrom thesecondmolars
forwardandthethirdmolardidnotvisuallyexisted.Noneofthesubjectshad
receivedprosthodonticorconservativetreatmentoftheproximalsurfaceand
orthodontictreatmentduring thepastyear.No signsorsymptomsoffood
impactionortemporomandibulardisorderswerepresentinanyofthesubjects.
Noneofthesubjectshadperiodontaldisease.Atrest,contacttightnesswas
consideredappropriateifa0.05mm stainlesssteelstrip(Contactgauge:GC
Co.,Tokyo,Japan.)couldbeinsertedwithsomeresistance,buta0.11mm strip
couldnot21).

BBB...MMMeeeaaasssuuurrriiinnngggdddeeevvviiiccceee
The measuring device used for recording TPTC has been described
previously22).Briefly,themeasuringdevice(Figs.1,2)isconsistedofsensorpart,
motorpart,bodypartandmeasuringpart.

Fig.1.Diagram ofmeasuringsystem.
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Fig.2.Measuringdevice.

Sensorpartoperates amplifying and filtering ofthe outputvoltage that
occurred from strain gauge sensor.The outputvoltage ofthe sensor is
convertedintonewton(N)anditcouldmeasureupto98N.Themotorpartis
thesteppingmotor.Eachpartsofthisdevicearefixedtothebodypartthat
consistsduralumin alloy.Forthestructureofthemeasuring part,theouter
pipe(handle)andinnerpartwasmanufacturedbyprocessingduraluminpipe.On
theinnerpipe,steelwirefrom thebody partand metalstrip(2mm width,
0.03mm thickness)whichwasinsertedtotheproximalsurfacewasfixedbythe
screw(Fig.3).

Fig.3.Measuringpartofthedevice.
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Rightafterpushingthestartingbutton,themetalstripwaspulledbyconstant
speedof8mm/s.Themeasuring partwasequippedautomaticreverting limit
switch(LS)forconvenienceand90degreescurvatureofthemeasuringparttip
wasmanufacturedfortheapproachtotheposteriorteeth.

CCC...MMMeeeaaasssuuurrreeemmmeeennntttooofffTTTPPPTTTCCC
Duetounfavorableapproachoftheposteriorteethinanuprightposture,

experimentwasoperatedinasupineposture.Eachsubjectwasseatedina
dentalchairin ansupineposturewithheadsupportandallmusclesofthe
subjectswererelaxedandmaintainedreststate.Afterturningonthedevice,
zerodegreewascontrolled.Beforeeachtest,theproximalcontactareaswere
dried with an air syringe and the metalstrip was inserted to proximal
surface(Fig.4).

Fig.4.Measurementofthetightnessofproximaltoothcontactbetweentheleft
secondpremolarandfirstmolarinmandible.

Aspushing thestarting button,themetalstripwasremovedby constant
speed.Thehighestvalueofthefrictionalforcewhich wasoccurred during
removalwasconsideredtheTPTC.Thistrialwasrepeatedfivetimesatsame
proximalcontactarea.Amongthesevalues,thehighestandthelowestvalues
wereexcluded,thenthemeanvalueoftheotherthreemeasuredvalueswas
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determinedastherepresentativevalueineachcontactarea.Measurementwas
operated atreststateand thesubjectswererestricted nottobeocclusion
during measurement.Between each measurement,there was more than 2
minutesofrestintervals23). Allexperimentswereconducted around 4PM,
allowingsufficientresttimeafterthelunchtimemeal.

DDD...SSStttaaatttiiissstttiiicccaaalllaaannnaaalllyyysssiiisss
The statisticalevaluation ofthe data was performed using the software

packageSPSS version12.1(SPSS Inc.,Chicago,USA).One-wayANOVA test
was used to comparethevalues in allmeasuring area.When a statically
significant difference was calculated, Bonferroni correction was applied.
Independentsamplest-testwasusedtocomparetheTPTCbetweenmaleand
femalesubjects,andbetweenanteriorteeth(from mesialcontactareaofcentral
incisortomesialcontactareaofcanine)andposteriorteeth(from distalcontact
areaofcaninetodistalcontactareaoffirstmolar). A valueofp<.05was
consideredasstatisticallysignificant.
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ⅢⅢⅢ...RRREEESSSUUULLLTTTSSS

ThelowestTPTCandthehighestTPTCwasmeasuredbetweenthecentral
incisiors(0.88±0.37N), and between the right second premolar and first
molar(1.94±0.76N)inmaxilla(Table1),respectively.Also,thelowestTPTCand
thehighestTPTCwasmeasuredbetweenthecentralincisiors(0.43±0.20N),and
between the lower left first molar and second molar(1.99±0.68N) in
mandible(Table2).

(Unit:N)

Table1.Proximalcontacttightnessinmaxilla.

Contactarea Mean SD
#17-16 1.73 ±0.62
#16-15 1.94 ±0.76
#15-14 1.53 ±0.40
#14-13 1.28 ±0.49
#13-12 1.12 ±0.47
#12-11 0.94 ±0.41
#11-21 0.88 ±0.37
#21-22 1.01 ±0.48
#22-23 1.09 ±0.41
#23-24 1.36 ±0.49
#24-25 1.49 ±0.75
#25-26 1.73 ±0.71
#26-27 1.65 ±0.53
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(Unit:N)

Table2.Proximalcontacttightnessinmandible.

AllTPTC per quadrant demonstrated a similar pattern of a continuous
increasedgradientinaanterior-posteriordirection(Fig.5).
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Fig.5. Diagrammaticpresentationoftheproximalcontacttightnessinmaxilla
andmandible.

Inboththemaxillaandmandible,theTPTCwaslessintheanteriorteeththan
intheposteriorteeth(Fig.6).

Contactarea Mean SD
#47-46 1.83 ±0.52
#46-45 1.93 ±0.64
#45-44 1.60 ±0.43
#44-43 1.38 ±0.48
#43-42 1.04 ±0.40
#42-41 0.91 ±0.28
#41-31 0.43 ±0.20
#31-32 0.89 ±0.20
#32-33 0.92 ±0.18
#33-34 1.18 ±0.42
#34-35 1.43 ±0.45
#35-36 1.85 ±0.63
#36-37 1.99 ±0.68
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UpperRight UpperLeft LowerRight LowerLeft

(*P<0.05,Independentsamplest-test)
Fig.6.Comparisonoftheproximalcontacttightnessbetweenanteriorteethand
posteriorteeth(A :Anteriorteeth,P:Posteriorteeth).

There are no significantdifference between the maxilla and mandible at
opposingarea.
Differences between male and female subjects failed to be statistically

significantexceptupperrightfirstpremolarandsecond premolar,lowerleft
firstmolarandsecondmolar,lowerrightfirstmolarandsecondmolar(Tables
3,4)(Figs.7,8).
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(Unit:N)

Male Female
Contactarea Mean SD Mean SD pvalues
#17-16 1.94 ±0.38 1.52 ±0.77
#16-15 2.14 ±0.61 1.76 ±0.92
#15-14 1.79 ±0.29 1.27 ±0.34 *
#14-13 1.48 ±0.61 1.09 ±0.26
#13-12 1.32 ±0.54 0.88 ±0.24
#12-11 1.09 ±0.43 0.79 ±0.37
#11-21 1.04 ±0.42 0.72 ±0.25
#21-22 1.26 ±0.53 0.76 ±0.29
#22-23 1.24 ±0.40 0.93 ±0.41
#23-24 1.37 ±0.42 1.36 ±0.60
#24-25 1.50 ±0.61 1.50 ±0.94
#25-26 1.96 ±0.67 1.51 ±0.75
#26-27 1.90 ±0.28 1.40 ±0.63

(****P<0.05, Independentsamplest-test)
Table3.Proximalcontacttightnessofmaleandfemalesubjectsinmaxilla.

(Unit:N)

(****P<0.05, Independentsamplest-test)
Table4.Proximalcontacttightnessofmaleandfemalesubjectsinmandible.

Male Female
Contactarea Mean SD Mean SD pvalues
#47-46 2.24 ±0.34 1.44 ±0.31 *
#46-45 2.26 ±0.44 1.60 ±0.67
#45-44 1.76 ±0.31 1.44 ±0.50
#44-43 1.43 ±0.66 1.27 ±0.28
#43-42 1.07 ±0.50 1.00 ±0.33
#42-41 0.92 ±0.25 0.90 ±0.34
#41-31 0.87 ±0.16 0.98 ±0.27
#31-32 0.81 ±0.16 0.98 ±0.22
#32-33 0.88 ±0.17 0.96 ±0.20
#33-34 1.09 ±0.34 1.27 ±0.52
#34-35 1.41 ±0.48 1.44 ±0.46
#35-36 2.09 ±0.62 1.60 ±0.60
#36-37 2.44 ±0.64 1.54 ±0.36 *
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Fig.7.Diagrammaticpresentationoftheproximalcontacttightnessbysexesin
maxilla.
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mandible.
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IIIVVV...DDDIIISSSCCCUUUSSSSSSIIIOOONNN

Traditionally,dentistshavebelievedthatteeth makecontactwith adjacent
teethinthereststate.Southardetal.24)reportedthatteethmadecontactwith
some pressure atrest.Therefore,in constructing castrestorations,itwas
considered desirable to have proximalcontacts25-27).However,some studies
reported thathuman tooth possessesasmallrangeofmovementatresting
positionbypulsationinalveolarsocket28-30).Especially,Kato29,30)reportedthat
the range ofdemonstrable space was from 0.25㎛ to 0.70㎛ resulted from
measurementbydisplacementtransducer.Thesereportssupportedthatthereis
no proximalcontactin the reststate in orderto adaptation to pulsating
action31,32).Kasaharaetal.21)observedspacesrangingfrom 3㎛ to21㎛ between
adjacentteethatrest,usingachargecoupleddevicemicroscope.
Thedevicethatused forthisstudy isto measuretheTPTC from the

frictionalforceoccurredduringpullingthethinmetalstripbyelectricmotor
afterinserting thethin metalstrip to proximalsurface.When thestrip is
insertedbetweentwoadjacentteeth,micro-displacementofteethandreaction
forcefrom thestripcontactstoeachproximalsurfaceoccurs.Aspullingout
thestrip paralleltotheproximalsurface,thefrictionalforceoccurstothe
opposite to the pulling direction.The strain gauge ofthe device converts
frictionalforcetocompressionforceandthefrictionalforcegraduallyincreases
untilthestripmoves,andthefrictionalforceismaximalatthestartingpoint
ofmovementofthestrip.Thismaximum frictionalforceistheTPTC ofthe
proximalcontactarea.Thisforceisrecognizedtoelectricalsignalanddisplays
on micro-processor.Especially,the removalspeed ofthe metalstrip was
controlledconstantlyinordertoexcepttheeffectofremovalspeedtofrictional
force.Themetalstripwasremovedthroughthehorizontaldirection,notthe
occlusaldirection,therefore,itwasbeabletomeasuretheTPTC notonlyin
reststatebutalso in occlusion.Themaximum measurementrangeofthis
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devicewas98N andstatisticaldifferencewas±0.02N.Ohetal19)reportedthat
the range ofthe TPTC was 0.1-23N atrestand 50% MVC (maximum
voluntarycontraction)clenchinglevelofmassetermuscle.Therefore,itcouldbe
consideredthattheaccuracyofthisdeviceformeasuringTPTCwasfavorable.
Ifthemetalstripofthethicknessoverinterdentalspaceisinsertedbetween
twoadjacentteeth,theteethisslightlydisplaced.Therefore,asthemetalstrip
becomesthinner,moreaccuratemeasurementcouldbepossible.However,too
thinstripcouldbeeasilytearandthereisaproblem tocontrolitintraorally.
So,weused0.03mm-thicknessmetalstrip.Metalstripof0.03mm-thicknessis
notonly durable butalso easy to use for clinicians33).This device was
controlledthatthemetalstripcouldberemovedatconstantspeedof8mm/s.
Fuhrmannetal33).reportedthattherewasnosignificantcorrelationbetween
TPTCandremovalspeedofmetalstripinthevelocityrangeof0.83-8.33mm/s.
Forconvenience,therewasalimitswitchwhichcouldmakethemetalstrip
returnrightaftermeasurement.Inourstudy,theTPTC wasmeasuredinall
dentitionusing thisdevices.WestatisticallycomparedvalueofTPTC ofall
measuredarea.Also,TPTC wascomparedbetweenmaxillaandmandiblein
opposingarea,betweenmalesandfemalesinsamearea.Theresultswereas
follows.
First,theTPTC wasobservedtobedecreasing from posteriortoanterior

teeth in same arch.In the results ofthe statisticalanalysis,there were
statisticallysignificantdifferencesbetweenanteriorareaandposteriorarea.This
resultsupportedthepreviousstudies10).Theproximalcontactofanteriorteeth
was unstable and resulted in spacing orcrowding.The size,number,and
divergency oftherootsofanteriorteeth can resultthedecreasedresistance
force.Thiscanbeexplainedbytheresistancetheorythatwementionedforthe
secondtheoryofmaintenanceoftheproximaltoothcontacttightness10).
Second,aswecomparedtheTPTC betweenmaxillaandmandible,ahigher

TPTC wasobserved in themaxilla compared with themandible.However,
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therewerenostatisticallysignificantdifferences.Proffit34)explaineditbythe
balancedTPTC system,similartooralmusclebalancingtheory.Exactly,the
TPTCisincreasewhenthemusclefunctionslikemasticationandthiseffectis
distributedequallytobotharches.Therefore,theTPTC betweenmaxillaand
mandiblebecomessimilar.
Third,wecomparedtheTPTC betweenmaleandfemale.Asaresult,there

werenostatisticallysignificantdifferencesexceptupperrightfirstpremolarand
secondpremolar,lowerleftfirstmolarandsecondmolar,lowerrightfirstmolar
andsecondmolar.However,opposingtoourstudy,Alexanderetal.10)reported
thattheTPTC washigherinmalethaninfemale.Theyconsideredthatthe
masticatory forceofmaleisstrongerthan thatoffemale35,36).Even though,
therewerenostatisticallysignificantdifferencesinthisstudy.Itisconsidered
tobeneededmorestudieswhichworkswithmoresubjects.
Wemeasuredatthesametimeofthedays.Dörferetal.20)reportedthatthe

TPTC atrestincrease from morning to noon,and then decrease in the
afternoon,and itwasexplained by fatigueand mucoelasticcharacteristicof
periodontalligament.However,thedifferenceswereverysmall.Throughoutthe
day,mostofthehighactivitylevelsofthemasticatorymuscleappearmainly
duringmeals37).Consideringthesevariations,allmeasurementwereconducted
around4PM,allowingsufficienttimeafterthelunchtimemeal.
Teethdisplacethorougheachdifferentdirectionsaccordingtothedirectionof

functionalforce.Verticalfactoroftheforcetendstointrudetoothtoalveolar
socket,and horizontalfactor,to displace tooth mesially.The mesialforce
distributedtotheproximalcontactsofmanyteethandaffectstheTPTC38,39).
Notonlytooth,butalsoalveolarbonetendstobedisplaced,especiallyinthe
mandible40).Koriothetal.41)analyzedthechangeoftheTPTC occurreddueto
deformationofthemandible,andobservedthehigherTPTC ofbalancingside,
comparedwithworkingside.Therefore,welimitedfoodingestionforonehour
before measurement in order to except effect of tooth displacement and
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mandibulardeformationduringfunction.Butthetoothcontactorocclusalforce
occurredduringfunctionlikeswallowingorclenchingwasnotcontrolled.There
wasrestingtimeofmorethan2minutesateverymeasurement.Thisresting
timewasforrecoveringpreviouspositionoftoothaftermeasurement24).
Inourstudy,wemeasuredtheTPTCatreststatewithoutanytoothcontact.

However,Kato29)reportedthatteethdisplaceduringocclusionanditaffectsto
theTPTC.Ohetal19)reportedthatTPTCwashigherduringocclusionthanat
rest.Therefore,itisconsideredtobeneededanalyzingtheTPTC duringnot
onlyrestingstatebutalsofunctionstate.
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ⅤⅤⅤ...CCCOOONNNCCCLLLUUUSSSIIIOOONNN

In thisstudy,wemeasured thefrictionalforcewhich occurred when the
metalstrip(stainlesssteelstrip-2mm width,0.03mm thickness)wasinserted
totheproximalsurfaceandwasremovedatconstantspeedby theelectric
motor,then weobtainedthevalueoftheTPTC inallcontactareas.Asa
result,inbothmaxillaandmandible,theTPTC waslessintheanteriorteeth
than in theposteriorteeth.However,therewereno significantly difference
betweenmaxillaandmandible,andbetweensexes.
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