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ABSTRACT

Spee만곡 레벨링에 따라 증가되는 하악 치열궁 길이의 디지털

모형을 이용한 분석

Yong-hwaCho

Advisor:Prof.Sung-hoonLim,DDS,MSD,PhD.

DepartmentofDentistry,

GraduateSchoolofChosunUniversity

Objective:본 연구는 Spee만곡 레벨링에 따라 증가되는 하악 치열궁 길이(AALL)를

평가함에 있어 cusptips와 proximalmaximum convexities중 더 적절한 측정

기준점을 3차원 디지털 셋업 모형을 이용해 알아보고자 하였다.

Methods:Typodontteeth와 3D software를 이용하여 0부터 4.7mm의 Spee만곡 깊이

를 갖는 16개의 디지털 셋업 모형을 제작하였다.AALL을 계산하기 위해 cusptips와

proximalmaximum convexities를 기준점으로 각각 2차원과 3차원 치열궁 길이를 측

정하였고,레벨링시 증가되는 하악 치열궁 길이(AALL)는 3차원적 치열궁 길이에서 교

합평면에 투영된 2차원적 치열궁 길이를 공제하여 평가하였으며,두 기준점 사이의 측

정값은 pairedt-test로 비교분석하였다.

Results:3차원적 치열궁 길이는 Spee만곡이 깊어져도 동일하게 유지되어야 함에도

불구하고 Spee만곡이 0mm에서 4.7mm으로 점차 깊어질 때 cusptips를 기준으로 하

여 측정한 3차원적 치열궁 길이가 3.8mm 감소한 반면 proximal maximum

convexities를 기준으로 측정한 3차원적 치열궁 길이는 0.4mm 감소하였다.AALL은 3

차원적 치열궁 길이에서 2차원적 치열궁 길이를 공제하여 평가하므로 cusptips를 기

준점으로 사용한 AALL은 proximalmaximum convexities를 기준점으로 사용한

AALL보다 작게 계산된다.

Conclusion:AALL은 cusp tips를 기준으로 측정하였을 때 왜곡되어 측정되므로

proximalmaximum convexities를 기준점으로 사용하여야 AALL을 더 정확히 측정할

수 있다.
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I.Introduction

ThecurveofSpee(COS)isanimportantcharacteristicofthemandibulararch.
1

MostdentistsbelievethattheCOScomprisestheocclusalsurfacesofmolarsand

incisaledges.2TheCOSisflatterinprimarydentitionthaninpermanentdentition,

and developswith theeruption ofthemandibularpermanentfirstmolarsand

permanentincisors.
3
Onceestablished,theCOS remainsrelativelystable.

4,5
The

rationalebehindthetraditionalconceptoflevelingtheCOSissomewhatobscure.
6

Andrews7 suggestedthattheCOSshouldbeleveledtoaflatplaneinorderto

facilitateconstructionofanoptimalocclusion.Healsosuggestedthataflatplane

shouldbeatreatmentgoalasaform ofovertreatment.
7
Correctionofthedeep

overbiteoften involvesleveling oftheCOS,
8
andthisleveling isaneveryday

practiceinorthodonticclinics.9LevelingoftheCOSisassociatedwithanincrease

inthearchlength.
8–14

AstheCOSdeepens,theamountofadditionalarchlength

required forleveling the COS (AALL)increases.Since leveling ofthe COS

requires additionalarch length,the COS can be viewed as a crowding or

arch-length discrepancy that is expressed in the verticalaspect.Therefore,

evaluatingtheAALLisasimportantasevaluatingarch-lengthdiscrepancywhen

thereisadeepCOS.
9
However,theamountofAALLisnoteasilypredicted.A

popularruleofthumbforestimatingtheAALL isthat1mm ofarchlengthis

neededtoleveleachmillimeteroftheCOSdepthwhenthedepthoftheCOSis

theaveragedepthontherightandleftsides.
10,11
Thispopulartheoryisthoughtto

bebasedonthestudyofBaldridge,
12
whousedsetupsofpatients’malocclusion

modelswithvaryingCOSdepthstodevelopanequationforestimatingtheAALL.

Germane etal9 also reported an equation forestimating the AALL from a

mathematicalmodel.

Mostrecently,Braunetal
13
usedacoordinate-measuringmachinetorecordthe

three-dimensional(3D)coordinatesofcusptipsandincisaledgesofmalocclusion

models,andthencalculatedtheAALLbysubtractingtheplanarprojectionofthe

totalarchcircumferencefrom thetotalarchcircumference(Table1).Thetotal
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archcircumferenceismeasuredbysummingthedistancesbetweenthecusptips,
13

andcanbedescribedasa3D archcircumference.Theplanarprojectionofthe

totalarchcircumferencecanbethoughtofastheplanarprojectionofthe3Darch

circumferenceontotheocclusalplane,andcanbedescribedasa2-dimensional

(2D)archcircumference.Therefore,theAALLcanbemeasuredbysubtractingthe

2Darchcircumferencefrom the3Darchcircumference.

Inaddition,theAALLcanbemeasuredforanindividualtoothbysubtracting

the 2D tooth width from the 3D tooth width.The 3D tooth width is the

conventionaltooth width measured between the mesialand distalmaximum

convexities,andthe2Dtoothwidthisaprojectionofthe3Dtoothwidthontothe

occlusalplane.ThisindividualtoothAALLmeansthatspaceisneededtoupright

theocclusalsurfaceofatoothparalleltotheocclusalplane.Additionalarchlength

isrequiredforuprightingofteethtippedmesiodistallyalongtheCOS,butisnot

requiredforpureextrusionorintrusionofteethmaintainingthemesiodistaltooth

axis.TheAALLofanarchcanalsobemeasuredbysubtractingthesum ofthe

2D toothwidthsfrom thesum ofthe3D toothwidthsorbysummingindividual

toothAALLs.

WhenestimatingtheAALL,thequestionisraisedastowhichreferencepoints

should be used for the measurements ofarch circumference.Braun etal
13

measured the 3D arch circumference by summing the distances between the

distobuccalcusptipofthesecondmolar,themesiobuccalcusptipofthefirst

molar,thebuccalcusptipsofthepremolars,thecusptipofthecanine,andthe

centerpointsofeachincisaledge.Thismayleadtounderestimationofthe3D

archcircumferenceinthemolarregionbecausethecurveformedbytheocclusal

surfacesofthemolarsisdeeperthanthelineconnectingthedistobuccalcusptip

ofthesecondmolar,themesiobuccalcusptipofthefirstmolar,andthebuccal

cusptip ofthesecond premolar.When using acoordinate-measuring machine

equipped with a mechanicalprobe,the position ofthe contactpointorthe

proximalmaximum convexitycannotbecontactedbythemechanicalprobe.This

couldexplainwhyBraunetal
13
usedthecusptipsasmeasurementpoints.

A softwaretoolthatcalculatesthe2D archcircumferenceand2D toothwidth
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canbeaddedeasilytodigitalmodelanalysisprograms,whichmeansthatthe

AALLcanbeestimatedmoreeasilyandaccuratelybysubtractingthe2D arch

circumferencefrom the3D archcircumferenceorbysubtractingthesum ofthe

2D toothwidthsfrom thesum ofthe3D toothwidthsineachcase,ratherthan

estimatingtheAALLusingthevariousequationssuggestedbydifferentauthors.
9–

14
Inthiscase,usingtheproximalmaximum convexitiesforcalculatingAALLcan

bemoreconvenientthanusinglandmarkssuchascusptipsbecauseidentification

oftheproximalmaximum convexitiesisalsorequiredfortooth-sizemeasurements

andcalculationoftherequiredspaceandarch-lengthdiscrepancy.

ThepurposeofthisstudywastocomparetheAALLmeasuredfrom thecusp

tips (AALLct) and that measured from the proximalmaximum convexities

(AALLpmc)soastodeterminethemostsuitablereferencepointsforcalculation

ofAALL.
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II.Materialsandmethods

A setofmandibularteethofatypodont(PE-ANA001,Nishin,Tokyo,Japan)

wasscannedusinga3D scanner.Withthesedigitalmodelsofteeth,16digital

setupmodelshavingaCOSdepthrangingfrom 0to4.7mm werefabricatedusing

3D software (Geomagic Design X 2014,3D Systems,Rock Hill,SC).The

definitionsofthetermsusedinthispresentstudyarelistedinTable1(alsosee

Figure1A).

Braunetal13 usedthesum oftheright- andleft-sideCOS depths.Inthe

presentstudy,theCOS depth wasdefined astheaverageoftheright- and

left-sidedepths,becausetheaveragevalueismorefrequentlyusedthanthesum

oftheright-andleft-sideCOSdepths.Inthepresentstudy,theaveragedepthsof

theright-andleft-sideCOSofthesetupmodelsrangedfrom 0to4.7mm,witha

mean±SDvalueof2.6±1.5mm (Table2).

Ineachsetup,evenmarginalridgerelationshipsbetweenadjacentteethwere

maintained.The interproximalcontacts were made to occuratthe adjacent

proximalmaximum convexities,whichweredeterminedfrom aplaneperpendicular

totheocclusalplaneandalsoperpendiculartothelineofocclusion(Figure1B).

Thesecontactswerecheckedwithaclippingview tominimizeoverlappingofthe

proximalsurfaces(Figure2A).A constantarchform wasmaintainedbysetting

theintercanineandintermolarwidthsat27and46mm,respectively(Figure2B).

TheAALLwascalculatedbysubtractingthe2Darchcircumferencefrom the3D

archcircumference(Table1,Figures3and4).

Whilethedistancesbetweencusptipscannotbedescribedasthetoothwidth,

the distances between adjacent cusp tips or adjacent proximal maximum

convexitiesweredefinedasatoothwidthforeaseofunderstanding(Table1).

ThecontributionoftheuprightingofeachtoothontheAALLwasevaluatedby

calculatingtheindividualtoothAALLbysubtractingthe2Dtoothwidthfrom the

3D toothwidth.Thesevaluesweremeasuredforeachsetup,andmeanvalues

werecalculatedafteraveragingtheright-andleft-sidemeasurements.
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TheShapiro-Wilktestconfirmedthatthemeasurementsfrom thecusptipsand

measurementsfrom theproximalmaximum convexitieswereconsistentwith a

normaldistribution.Therefore,thepairedt-testwasusedtotestthedifference

between thesetwomeasurements.Inaddition,linearregressionequationswere

obtained for both measurements. Determination of reference points and

measurements often setup models were repeated by the firstauthor with

three-monthinterval.Then,themethoderrorswerecalculatedwithDahlberg's

Formula.15Method errorsofboth 2D and 3D measurementsofthedistances

betweencusptipswereequally0.151mm, andmethoderrorsof3D and2D

measurementsofthedistancesbetweenproximalmaximum convexitieswere0.115

mm,and0.030mm,respectively.Thethresholdforstatisticalsignificancewasset

atP<0.05.Allstatisticalevaluationswereconducted using SPSS (version 20;

IBM,Armonk,NY).
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III.Results

Astheaverageoftheright-and left-sideCOS depthsincreased from 0to

4.7mm, the 2D arch circumference decreased by 6.0mm in the cusp-tip

measurementsandby3.4mm intheproximalmaximum-convexitymeasurements

(Tables2and3,Figure5).Simultaneously,the3D archcircumferencedecreased

by 3.8mm in the cusp-tip measurements and by 0.4mm in the proximal

maximum-convexitymeasurements.Thesechangesresultedina2.3-mm increase

in theAALLctand a 3.0-mm increasein theAALLpmcastheCOS depth

deepenedfrom 0to4.7mm.Pairedt-testrevealedasignificantdifferencebetween

AALLctandAALLpmc(P=0.002).

Thecusptipplaceddeepestfrom theocclusalplanewasthemesiobuccalcusp

tipofthemandibularfirstmolar.Examinationofthemeanvaluesoftheindividual

toothAALL disclosedthatthevaluewashighestbetweenthefirstandsecond

molarsforthecusp-tipmeasurements(0.27mm),andinthemandibularsecond

molarfortheproximalmaximum-convexitymeasurements(0.32mm Figure6).

Thefollowingregressionequationswereobtained:

Υ=0.48χ–0.31(R²=0.94)forthecusptipmeasurements

Υ=0.62χ–0.38(R²=0.88)fortheproximalmaximum-convexitymeasurements

whereΥ (mm)istheAALLandχ (mm)istheaverageoftheright-and

left-sideCOSdepths(Figure7).
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IV.Discussion

The3D archcircumferencerepresentsthearchlengthaftercompletelevelingof

theCOS.Therefore,the3D archcircumferenceshouldbeconstantregardlessof

theCOSdepth.However,the3D archcircumferencedecreasedby3.8mm inthe

cusp-tip measurements because the distances between the adjacentcusp tips

decreasedastheCOSdeepenedfrom 0to4.7mm.ThismeansthattheAALLct

wouldbeunderestimated.Incontrast,the3D archcircumferencemeasuredfrom

theproximalmaximum convexitydecreasedbyonly0.4mm astheCOSdeepened

from 0to4.7mm.

WhentheCOSdeepens,theinterproximalcontactpointsmoveslightlytoward

theocclusaldirection,therebyreducingthedistancesbetweenthecontactpoints.

Thismighthavecauseda0.4-mm reductionofthe3D archcircumferenceinthe

proximal maximum-convexity measurements. This result indicates that the

proximalmaximum convexityismoreappropriatethanthecusptipasareference

pointforestimationoftheAALL.

Therewasalsoagreaterreductionin2D archcircumferencewiththecusp-tip

measurements. Therefore, the greatest difference in the AALL (3D arch

circumferenceminus2D archcircumference)wasonly0.7mm smallerwiththe

AALLctwhentheCOSdepthwas4.7mm.

In the presentstudy,the deepestpointfrom the occlusalplane was the

mesiobuccalcusptipofthemandibularfirstmolar.Thisfindingisinaccordance

withthatofapreviousstudy
16
inwhichmalocclusionmodelsweresurveyedto

evaluatetheCOS.ThemeanvalueofindividualtoothAALLswaslowestinthe

mandibular second premolar and centralincisor areas,and highest in the

mandibularsecondmolararea.Thelowestvaluefor3D toothwidthminus2D

toothwidthbeingatthemandibularsecondpremolarisattributabletoitbeing

nearthecenteroftheCOS andhaving asmallermesiodistalwidth than the

mandibular firstmolar.The greatestincrease ofthe COS was reported as

occurringwiththeeruptionofthemandibularsecondmolars.
3
Thevalueof3D
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toothwidthminus2D toothwidthofthemandibularsecondmolaraccountedfor

abouthalfoftheAALL.Ifthemandibularsecondmolarcouldbeuprightedwith

thecenterofrotationnearitscenterofresistance,thenthisuprightingofthe

mandibularsecondmolarwouldcauseminimalflaringofthemandibularincisors

duringlevelingoftheCOS.Extractionofthirdmolarswouldbehelpfultomake

room fordistaluprighting ofthe mandibularsecond molars and to facilitate

uprighting of the mandibular second molar with the accelerated regional

phenomenon.17,18

Braunetal
13
reportedarelationshipofΥ=0.2462χ–0.1723,whereY isthearch

circumferencedifferentialinmillimeters,whichisthesameastheAALLinthe

presentstudy,andχ isthesum oftheright-andleft-sidedepthsoftheCOSin

millimeters.When χ isdefinedastheaverageoftheright-andleft-sideCOS

depths,asinthepresentstudy,thisregressionequationcanbeconvertedtoΥ

=0.4924χ–0.1723.ThepopularruleofthumbforestimatingtheAALLisY=χ.10,11

Inthepresentstudy,thelinearregressionequationofΥ=0.479χ–0.31wasobtained

from cusp-tipmeasurements.

Thissimilaritybetweenthecusp-tipmeasurementsinthestudyofBraunet

al.
13
andinthepresentstudyisattributabletouseofthesamereferencepoints.

WhentheCOSdepthis4.7mm,theequationsfrom cusp-tipmeasurementsinthe

presentstudyandtheequationofBraunetal13wouldpredictonly61% (1.95/3.2)

and67% (2.14/3.2)oftheAALLpmc,respectively.

Braunetal
13
suggestedthattheincreaseinarchlengthafterlevelingisdue

mainlytoflaringoftheincisorsduringlevelingwithacontinuouswireandthe

geometric requirementofAALL being smaller than was previously thought

(Figure8).
13,19
Thissuggestionemphasizestheimportanceofflaringcausedbythe

biomechanicsoflevelingusingacontinuousarchwire.Althoughthissuggestionis

valid,thegeometricrequirementoftheAALLisnotnegligiblegiventhelarger

AALLestimatedfrom theproximalmaximum-convexitymeasurements.

Iftheavailablespaceismeasuredusingabrasswirebenttofollow boththe

lineofocclusionandalsotheCOS intheverticalaspect,thisavailablespace

wouldconstitutea3D availablespace.Digitalmodelanalysisprogramsusually
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measuretheavailablespacebydrawing a3D splinecurveoverthearchand

insertingcontrolpointsasneededtoconform totheCOS,andthesecontrolpoints

areautomaticallyplacedontothemeshsurface.Thismeasurementofavailable

spaceisalsoa3D availablespace.Inthesecases,measurementofarch-length

discrepancyreflectsthespacedeficiencyorredundancyinaligningteethintothe

archwiththeCOSbentintothebrasswireorthesplinecurvethatwasusedfor

measurementofavailablespace.Thus,theAALLcanbeestimatedbysubtracting

the2D availablespacethatistheprojectionofthe3D availablespace(lengthof

splinecurveorbrasswire)ontotheocclusalplane.This2D availablespacecan

alsobemeasuredbybendingaflatbrasswireoveratransparentacrylicorglass

plateplacedovertheocclusalsurfaceofamodel.Ifabrasswireoradigital

splinecurveformeasuringtheavailablespacewasnotbenttoconform tothe

COSandkeptflatintheverticalaspect,thismeasurementcanbeviewedasa2D

available space.Arch-length discrepancy and the AALL can be calculated

simultaneouslysimply by subtracting therequiredspacefrom the2D available

space.Whenthismeasurementofarch-lengthdiscrepancyisused,neitherAALL

estimationnormeasurementoftheCOSdepthareneeded.

Itwouldbedesirabletoaddatooltothedigitalmodelanalysisprogramsfor

estimatingtheAALLautomaticallybysubtractingthe2Darchcircumferencefrom

the3D archcircumference.Thiscouldbeeasilyimplementedbytransformingthe

3D coordinates ofthe reference points into 2D coordinates by removing the

coordinatevaluesrepresentingverticalheight(usuallyzvalues)whentheocclusal

planeisparalleltothebaseplane(usuallyxyplane).Thismethodwillestimate

theAALLmoreaccuratelythanusingaregressionequation.Similarmethodcan

beusedtocalculateindividualtoothAALLsandthiscangivesinformationabout

whichtoothrequiresthelargestspaceforleveling,andthisinformationwould

helptheplanningoflevelingmethod.

ThemostidealwayofestimatingAALLandarchlengthdiscrepancycanbe

usingmodelsetups.However,modelsetupsrequireconsiderablework.Thiscan

be overcome when a software toolfor automatic alignmentofdentition is

developedinthefuture.Untilthen,calculationofAALLpmccanbeuseful.The
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limitationofthepresentstudyisthatthesimulationwasdonewithatypodont

model.Itisdifficulttousepatient'smalocclusionmodelsbecausetherealways

somecrowding in mostcaseswith deepCOS.Furtherstudiesusing patient's

malocclusionmodelsareneeded.
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V.Conclusion

Sixteen3D digitalmodelsetupswereconstructedwithvariousdegreesofCOS

whilemaintainingevenmarginalridgerelationshipsbetweentheadjacentteethto

compareAALLctandAALLpmc.Althoughthe3D archcircumferenceshouldnot

decreaseastheCOSdeepens,itwasfoundtodecreaseby3.8mm inthecusp-tip

measurementsandby0.4mm intheproximalmaximum-convexitymeasurements

astheCOSdeepenedfrom 0to4.7mm.TheAALLctsignificantlyunderestimated

the AALL than AALLpmc (P=0.002).Therefore,the use of AALLpmc is

recommendedthantheuseofAALLctortheuseofaequationestimatingAALL.
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Term Definitionofpresentstudy
Term (definition)usedby

Braunetal
13

Occlusalplane

A plane passing through
thedistobuccalcusptipsof
mandibular second molars
and the midpoint between
incisaledges ofrightand
left mandibular central
incisors(Fig.1A)

Sameasinthepresent
study

DepthofCOS

Averageoftherightand
left greatest distances
between occlusalplaneand
buccal cusp tip measured
perpendiculartotheocclusal
plane

Sum oftherightandleft
greatestdistancesbetween
occlusalplaneandbuccal
cusptipmeasured
perpendiculartotheocclusal
plane

3Dtoothwidth

Distancebetweenadjacent
referencepointssuchas
cusptipsorproximal
maximum convexities

Notused

2Dtoothwidth

Distancemeasuredonthe
projectionofthe3Dtooth
widthontotheocclusal
plane

Notused

Individualtooth
AALL

3D toothwidthminus2D
toothwidth Notused

3Darch
circumference

Sum ofthe3Dtooth
widths

Totalarchcircumference
(sum ofthedistances
betweencusptips)

2Darch
circumference

Sum ofthe2Dtooth
widths

Planarprojectionofthe
totalarchcircumference

AALL
3Darchcircumference
minus2Darch
circumference

Archcircumference
differential(totalarch

circumferenceminusplanar
projectionofthetotalarch

circumference)

AALLct
AALLmeasuredfrom

cusptips Sameasabove

AALLpmc
AALLmeasuredfrom
proximalmaximum
convexities

Notused

Tables

Table1.Definitionsofthetermsusedinthepresentstudy.
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Table2.ChangesinarchcircumferencesandAALLaccordingtoincreasesinthe

COSdepthusingthecusptipsasreferencepoints.

Model

number

AverageCOS

depth(mm)*
3Darch

circumference

(mm)

2Darch

circumference

(mm)

AALLct(mm)

1 0.0 108.5 108.5 0.0

2 0.4 108.4 108.3 0.1

3 0.9 108.1 108.0 0.2

4 1.4 107.9 107.6 0.3

5 1.7 107.7 107.3 0.4

6 1.9 107.6 107.1 0.4

7 2.1 107.1 106.6 0.5

8 2.7 106.7 106.0 0.8

9 2.8 106.7 105.8 0.9

10 3.3 106.3 105.1 1.2

11 3.4 106.1 104.8 1.2

12 3.6 105.7 104.3 1.4

13 3.9 105.5 104.0 1.5

14 4.2 105.4 103.7 1.8

15 4.6 104.9 102.8 2.1

16 4.7 104.7 102.5 2.3

Maximum

difference

4.7 3.8 6.0 2.3

*
Averageofright-andleft-sideCOSdepths

**
AALL:theamountofadditionalarchlengthrequiredforlevelingtheCOS
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Table3.Changesin archcircumferencesandAALL according toincreasesin

COSdepthusingtheproximalmaximum convexitiesasreferencepoints.

Model

number

AverageCOS

depth(mm)*
3Darch

circumference

(mm)

2Darch

circumference

(mm)

AALLpmc

(mm)

1 0.0 112.7 112.5 0.2

2 0.4 112.7 112.5 0.2

3 0.9 112.6 112.4 0.2

4 1.4 112.6 112.3 0.4

5 1.7 112.6 112.1 0.4

6 1.9 112.6 112.1 0.6

7 2.1 112.6 111.9 0.6

8 2.7 112.4 111.5 0.9

9 2.8 112.4 111.4 1.0

10 3.3 112.4 111.0 1.3

11 3.4 112.3 110.9 1.4

12 3.6 112.4 110.7 1.7

13 3.9 112.5 110.3 2.2

14 4.2 112.5 110.1 2.4

15 4.6 112.3 109.5 2.8

16 4.7 112.3 109.1 3.2

Maximum

difference

4.7 0.4 3.4 3.0

*Averageofright-andleft-sideCOSdepths
**
AALL:theamountofadditionalarchlengthrequiredforlevelingtheCOS
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Figures

Figure1.A,Theocclusalplanewasdeterminedusingthedistobuccalcusptips

ofthemandibularsecondmolarsandthemidpointbetweentheincisaledgesof

themandibularrightandleftcentralincisors.ThedepthoftheCOS(indicatedby

double-headedarrows)wasdeterminedbycalculatingtheaverageoftherightand

leftmaximum distancesbetweenthedeepestcusptipsandtheocclusalplane;B,

During each setup,even marginalridgerelationshipsweremaintainedtoform

curved-ribbon-shaped,continuousocclusalsurfaces.
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Figure2A. Figure2B.

Figure2.Usingaclippingtool,theinterproximalcontactareaswerevisualized

and adjusted to minimize overlapping ofthe interproximalsurfaces ofthe

adjacentteeth.A,Thearrow indicatesthepointcontactmadebetween the

lowerrightfirstandsecondmolars;B,Theintercanineandintermolarwidths

(indicatedbydouble-headedarrows)weremaintainedconstant(at27and46

mm,respectively)ineachsetup.
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Figure3A. Figure3B.

Figure3.The3D archcircumferenceiscalculatedasthesum ofthe3D tooth

widths,correspondingtothedistancesbetweenadjacentreferencepoints,shown

asorangedotsinA andB.A,3Dtoothwidthsmeasuredusingthecusptipas

a reference;B,3D tooth widths measured using the proximalmaximum

convexityasareference.
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Figure4A. Figure4B.

Figure4.The2D archcircumferenceiscalculatedasthesum ofthe2D tooth

widths,whicharetheprojectionsofthe3Dtoothwidthsontotheocclusalplane.

A,2D toothwidthsmeasuredusingthecusptipasareference;B,2D tooth

widthsmeasuredusingtheproximalmaximum convexityasareference.
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Figure5.Changesin3Dand2Darchcircumferencesaccordingtotheuseof

cusptipsandproximalmaximum convexitiesasreferences.The3Darch

circumferencedecreasedby3.8mm inthecusp-tipmeasurementsandby0.4mm

intheproximalconvexitymeasurementsasCOSincreasedfrom 0to4.7mm.The

gapbetweenthe3Darchcircumferenceandthe2Darchcircumferenceisthe

AALL.DataaremeanandSDvalues.
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Figure6.Measurementsof3Dtoothwidthminus2D toothwidthforeachtooth.

Inthecusp-tipmeasurements,thewidthsweremeasuredbetweenthecusptipsof

theadjacentteeth,whileintheproximalmaximum-convexitymeasurementsthey

weremeasuredbetweenthemesialanddistalmaximum convexities.Meanvalues

of16setupmodelsareshown.
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Figure7A. Figure7B.

Figure 7.Scatter diagram of AALL versus COS depth.A,AALLct; B,

AALLpmc.
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Figure8.ComparisonofestimationsofAALLinvariousstudies.


	I. Introduction
	II. Materials and Methods
	Ⅲ. Results
	Ⅳ. Discussion
	Ⅴ. Conclusion
	References
	Tables
	Figures


<startpage>12
I. Introduction 1
II. Materials and Methods 4
¥². Results 6
¥³. Discussion 7
¥´. Conclusion 11
References 12
Tables 14
Figures 17
</body>

