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ABSTRACT

Comparisonofcephalometricmeasurementsand

cone-beam computed-tomography-basedmeasurementsof

palatalbonethickness

Young-jaeKim

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

DepartmentofDentistry

GraduateSchoolofChosunUniversity

Introduction:이 연구의 목 은 입천장 두께를 측정하는데 있어 측모두부계측방사

선사진에서의 계측값과 cone-beam computedtomography(CBCT) 상에서의 계측값

사이의 계를 결정하기 한 것이다.

Methods:환자 30명의 CBCT 상과 측모두부계측방사선사진이 사용되었다.입천장

두께는 후방 으로 P1P2(제1소구치와 제2소구치 사이)에서 M1M2(제1 구치와

제2 구치 사이)까지 두 상 방법 모두에서 측정되었고 횡 으로는 1.5 mm

off-center에서 10mm off-center까지 CBCT 상에서만 측정되었다.반복계측분산분석

을 사용하여 두 계측값 간의 차이를 분석하 다.

Results:Bland-Altmanplots에서 5mm off-center에서의 95% limitsofagreement가

가장 작게 나타났다(-0.2±1.7mm).5mm off-center에서의 계측값만이 모든 후방

치에서 두부계측방사선사진에서의 계측값과 통계 으로 유의한 차이를 보이지 않았

다.1.5 mm off-center에서의 계측값은 P2M1 (제2소구치와 제1 구치 사이)에서

M1M2까지만 두부계측방사선사진에서의 계측값보다 더 유의 으로 두껍게 나타났다.

Conclusions:계측된 모든 역 에서,5mm off-center에서의 골이 측모두부계측방

사선사진에서의 입천장 형태를 가장 잘 나타낸다.
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Ⅰ.Introduction

Thepalateisapreferredareafororthodonticmini-implantplacementbecause

thereislittledangerofdamaging anatomicalstructuresotherthantheincisive

foramen.
1,2
Also,thereisarelativelylargebonemassinthemedianandflanking

regionsofthepalatewithdensesofttissuesonthesurfaceofthehardpalate,thus

facilitatingtheformationofcompactconnectivetissuesaroundthecervicalpartof

theimplant.3,4

The mostappropriate length fora mini-implantshould be determined from

measurementsofthepalatalbonethicknesstoensurethatthemaximum thickness

ofpalatalboneisutilized withoutpenetrating thepalate.Although cone-beam

computedtomography(CBCT)canbeusedtomeasurepalatalbonethickness,Jung

etal5 andWinsaueretal6 suggestedthatCBCT needstobeusedonlyinrare

casesofborderlinepalatalbonethickness.

A cephalogram canbeusedtomeasurepalatalbonethickness,butcaremustbe

takenduetothepresenceofmagnification,whichistypically110%.7,8 Becausea

cephalogram is a two-dimensionalview ofa three-dimensionalobjectwith a

perspectiveprojection,themagnificationsoftherightandleftstructuresdiffer,

resultinginanunequaloverlapoftherightandleftstructures.Thelocationofan

objectbetween theX-ray sourceand thefilm determinesthemagnification of

image,withstructuresclosertotheX-raysourceappearinglarger.Thedistance

betweenthesourceandthemidsagittalplaneofthesubjectistypically1500mm,

andthedistancebetweenthemidsagittalplaneofthesubjectandthedetectoris

150mm,withthecentralraypassingthroughthecenterofthemechanicalporion.

Thehalfofthepalatalbonethatisclosertothesourceisprojectedonthefilm as

ifitwerepositionedmoreinferiorlyandsoitappearslargerthanthehalfonthe

contralateralside.Toillustratethetypicalmagnification in thecephalogram of

palatalbonethicknessat5mm off-center,considerthefollowingassumptions(see

Fig1):thepalatalbonethicknessat5mm off-centeris5mm,andthevertical

distancefrom thecentralraytothesuperiorsideofthepalatalboneis25mm.
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AccordingtothecalculationofmagnificationillustratedinFig1,a5mm thickness

ofpalatalboneat5mm off-centerwillbeprojectedontothefilm asathickness

of5.7mm,whichisamagnificationof114%.Jungetal9reportedthatthevertical

dimensionsonlateralcephalometryreflecttheminimum thicknessofbone,andnot

themaximum thicknessinthemedianplane.Inthatstudy9 thenasalfloorsand

palates ofdry skulls were covered with tinfoilbefore the radiographs were

obtained.In thiscondition thebony palatewillprobably appearthinnerin the

cephalogram becauseitsapparentthicknesswillbedetermined by theoblique

X-rayspassingthroughthetinfoilonthenasalfloorclosertotheX-raysource

andthetinfoilonthepalatalsideclosertothefilm.Coveringthenasalfloorand

palate with tinfoilfrom the centerto 5 mm off-centerwillresultin 106%

magnification instead of114% when thesameconditionsshown in Fig 1are

assumed.

Severalstudies
1,2,10-13

usingCBCT orcomputedtomographyhavefoundthatthe

palatalbonethicknesstendstodecreaselaterallyorposteriorly.Wehrbeinetal
14

reported thatthethicknessoftheanteriorand median hard palatewas2mm

thickerthanthatshowninlateralcephalograms.Cephalogramsmaynotdepictthe

maximum thicknessofmedianpalate,9,14 butnopreviousstudyhasinvestigated

whichpartofthepalateinthetransverseaspectisdepictedonthecephalogram.

Thepurposeofthepresentstudywastotestthenullhypothesisthatthereisno

relationshipbetweenthepalatalbonethicknessvaluesinvarioustransverseareas

asmeasuredcephalometricallyandusingCBCT.
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Ⅱ.MaterialsandMethods

ThisworkwasapprovedbythelocalethicscommitteeofSchoolofDentistry,

Chosun University (CDMDIRB 1218-86).Thirty sets of CBCT images and

cephalograms(for15malesand15females)wereselectedfrom amongtheCBCT

andcephalogram setsobtainedfrom patientsinwhom CBCT wasperformedas

partofanorthodonticexamination(TableI).Exclusioncriteriaincludedpathological

findings,cleftpalate,missing teeth orsupernumerary teeth,and a history of

previous orthodontic treatment.Lateralcephalograms and CBCT images were

obtainedonthesameday.

Cephalometricmeasurements

Lateralcephalogramswereobtainedusinganorthopantomographequippedwitha

cephalostat (PM 2002 Proline, Planmeca, Helsinki, Finland). The following

parameterswereusedforlateralcephalometry:80kV,12mA,andexposuretime

of1.4–1.6seconds.CephalogramswerestoredinaPACS(picturearchivingand

communicationssystem)serverafterscanning theComputed Radiography (CR)

cassette.Measurements were performed using STARPACS PiViewSTAR 5.0

(Infinitt,Seoul,Korea).Theocclusalplanewasusedasareferenceplaneforboth

cephalometricandCBCT-basedmeasurements(TableII).Theocclusalplanewas

determined astheplanepassing theincisaledgeofthemaxillary leftcentral

incisorandthemesiolingualcusptipsoftherightandleftmaxillaryfirstmolars.

Average points between the right and left landmarks were used in the

cephalometricmeasurements.Lineswerethendrawnthatwereperpendiculartothe

occlusalplaneandpassedbetweenthefirstandsecondpremolars(P1P2)andthe

lingualcuspsofsecondpremolars(P2),betweenthesecondpremolarsandfirst

molars(P2M1),themesiolingualcuspsoffirstmolars(M1),andbetweenthefirst

andsecondmolars(M1M2).Inallcasestheaveragepointsbetweentherightand
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leftlandmarkswereused.Palatalbonethicknessesweremeasuredalongtheselines

(TableII;Fig2).

To compareCBCT-based measurementsand cephalometricmeasurements,the

cephalometric measurements were converted to a 100% magnification.In the

presentstudy,theX-raysourcetoobjectdistancewas1510mm andtheobjectto

film distancewas128 mm,resulting in a magnification of108.5%.Therefore,

conversion to 100% magnification was achieved by dividing the cephalometric

measurementsofpalatalbonethicknessby1.085.

MeasurementsinCBCT images

CBCT imageswereobtainedusing aCBCT scanner(CB MercuRay,Hitachi,

Osaka,Japan)withthefollowingparameters:fieldofview of149.5mm ×149.5

mm,120kV,15mA,scantimeof9.6seconds,slicethicknessof0.292mm,and

isometric voxelsize of 0.292 mm.Measurements from CBCT images were

performedusingOndemand3D 1.0(Cybermed,Seoul,Korea).A presetofwindow

leveling(level:805HU,width:2829HU)wasusedtomaintainaconstantviewing

condition.Thiswindow levelingensuredthatonlythosevoxelshavingHU values

from –609HU to2220HU weredisplayedintheprogram window.A midsagittal

referenceplane(MSR)wasconstructedastheplanepassingthroughthecrista

galli,anteriornasalspine,andposteriornasalspine.Coronalsectionsthatwere

perpendiculartotheocclusalplaneandpassingtherightandleftP1P2,P2,P2M1,

M1,andM1M2wereselected.Foreachofthesecoronalsections,palatalbone

thicknessesweremeasuredalongverticalmeasurementlinesparalleltotheMSR

andoffsetfrom itby1.5,5,7.5,and10mm (Fig3);thesemeasurementswere

labeledas1.5,5,7.5,and10mm off-center.Theminimum palatalbonethickness

wasalsomeasuredwithintherangefrom theMSRto10mm off-center.Theright

andleftmeasurementsmadeonCBCTimageswereaveragedforeachpatient.

When the incisive canal or maxillary sinus was encountered along the

measurementline,thethicknessvaluewasnotrecorded(TableIII).Incaseswhere



- 5 -

themaxillary sinusextendsmedially below thenasalcavity,thepalatalbone

thicknessmeasurementswillbemadefrom thefloorofthesinustotheinferior

surfaceofthebony palate.Measurementsmadefrom thecanalorsinusfloor

cannotbecomparedwiththecephalometricmeasurementsthataremadefrom the

nasalfloor,whichisthesameasthesuperiorsurfaceofthebonypalate,andso

thesemeasurementsweretreatedasmissingvalues.

Statisticalanalysis

Allmeasurementsfor10sampleswererepeatedafter2weeksbyoneexaminer

(Y.K.),andDahlberg'sformula
15
wasusedtoevaluatethemethoderrorofthe

measurements:thiswas0.32mm incephalometricmeasurementsand0.24mm in

CBCT-basedmeasurements.Kolmogorov-Smirnovnormalitytestsshowedthatthe

dataconformedtoanormaldistributioninallmeasurementareas.Bland-Altman

plots
16,17
andrepeated-measuresANOVAwereusedtoexaminetherelationships

amongcephalometricmeasurementsandvariousCBCT-basedmeasurements.The

resultswereconsideredsignificantatP<0.05.Bland-Altmanplotsweregenerated

usingtheMedCalc12.4.0software(MedCalcSoftware,Mariakerke,Belgium),and

otheranalyseswereperformedusingSPSS12.0(SPSS,Chicago,Ill).
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Ⅲ.Results

Theincisivecanalwasencounteredin60% ofP1P2,13% ofP2,and3% of

P2M1measurementsinCBCT imagesat1.5mm off-center.Themaxillarysinus

was encountered in 57% of10-mm-off-center measurements and in 20% of

7.5-mm-off-centermeasurements(TableIII).

InBland-Altmanplots,thelimitsofagreement(LOA)weredefinedas±1.96SD,

andthe95% CIvaluesfortheLOAwereidentified(asmarkedinFig4).The95%

LOA were0.9±3.1mm (mean±1.96SD)for1.5mm off-center,–0.2±1.7mm for5

mm off-center,–0.1±1.9 mm for7.5 mm off-center,1.6±3.5 mm for10 mm

off-center,and–1.0±1.7mm fortheminimum bonethickness(Fig4).

Thecephalometricmeasurementsofpalatalbonethicknessdecreasedposteriorly

from 9.91±2.10mm atP1P2to2.52±1.35mm atM1M2.Thecephalometricand

5-mm-off-centermeasurementsdidnotdiffersignificantlyinanyareas.At7.5mm

off-center,therewasasignificantdifferenceonlyintheM1M2area.At1.5mm

off-center,P2M1,M1,andM1M2measurementsweresignificantlythickerthanthe

cephalometricmeasurements.Allmeasurementsat10mm off-centerexceptfor

M1M2 measurements were significantly thicker than the cephalometric

measurements. Minimum measurements were significantly thinner than the

cephalometricmeasurementsinallareasexceptP2M1(TableIV;Figs5and6).



- 7 -

Ⅳ.Discussion

Thenullhypothesiswasrejectedinfavorofanalternatehypothesisthatthereis

a strong correlation between cephalometric measurements and CBCT-based

measurementsofthepalateespecially at5and 7.5mm off-center(Fig 4).In

Bland-Altman plots,5- and 7.5-mm-off-centermeasurements showed minimal

meandifferencesandrelativelysmallLOA,withtheLOA beingsmallestat5mm

off-center(–0.2±1.7mm).Thisindicatesthattheboneat5mm off-centeristhe

mostlikelyareatobedepictedincephalogramsaspalatalbonecontours.

ThehorizontalaxisoftheBland-AltmanplotistheaverageofCBCT and100%

cephalogram measurements,and this average increases from M1M2 to P1P2

becausethepalatalbonethicknesstendstoincreaseanteriorly.TheBland-Altman

plotfor10mm off-centershowedpositiveproportionality.Thismaybeduetothe

differencebetween10mm off-centerandthe100% cephalogram increasingfrom

M1M2toP1P2whiletheaveragevalueofthetwomeasurementsincreasedfrom

M1M2toP1P2.Thesmallestdifferenceshown atM1M2mightbeduetothe

10-mm-off-centerareabecomingincorporatedintotheflatterareaatM1M2and

being depicted in the cephalogram as a palatal contour along with the

5-mm-off-centerarea.

TheBland-Altmanplotfor1.5mm off-centershowednegativeproportionality.

Thismay beduetothedifferencebetween 1.5mm off-centerandthe100%

cephalogram decreasingfrom M1M2toP2M1whiletheaveragevalueofthetwo

measurementsincreasedfrom M1M2toP2M1.Theminimum measurementswere

significantlythinnerthanthecephalometricmeasurementsinallareasexceptP2M1.

Whencomparedtothecephalometricmeasurements,the5-and7.5-mm-off-center

measurementsshowednosignificantdifferences,exceptintheM1M2areaat7.5

mm off-centerwheretheCBCT-basedmeasurementwassignificantlythinner.

Flatareasparalleltothecentralrayappearmoreradiopaquethanthecurved

areasinacephalogram,owingtotheoverlappingofcorticalboneinflatareas.

Thedifferencesbetween5and7.5mm off-centerwerestatisticallyinsignificant
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exceptfortheM1M2areaat7.5mm off-center,whichsuggestthattheseareas

constituterelativelyflatareasofthepalateandaredepictedinthecephalogram as

the palatalbone contour exceptfor the M1M2 area at7.5 mm off-center.

Considering that the maxillary sinus was involved in 20% of the

7.5-mm-off-center measurements,cephalograms are mostlikely to depictthe

corticalboneinthe5-mm-off-centerareaofthepalate.

Thepresentstudyselectedthe1.5-mm-off-centerarearatherthanthemidpalatal

area,becausethepalatalboneat1.5mm off-centershouldbethickerthanthe

lengthofthemini-implantthatistobeinsertedintotheboneifpenetrationofthe

palatalboneduringtheplacementofthemini-implantisconsideredundesirableor

unnecessary.Additionally,determinationofthesuperiorendofthenasalcrestis

difficultbecausethethinvomerboneisattachedoverthenasalcrest.
1

The 1.5-mm-off-center and cephalometric measurements did not differ

significantly in the P1P2 and P2 areas, whereas the 1.5-mm-off-center

measurementsweresignificantlythickerthanthecephalometricmeasurementsin

theotherareas.Whenthenasalcrestheightwasestimatedindirectlyusingthe

differenceinbonethicknessesmeasuredat1.5and5mm off-center,thenasal

crestheightincreased from P2 to M1M2 (Fig 7).Although thecephalometric

measurementsofpalatalbonethicknessesdecreased continuously from P1P2to

M1M2,thepalatalbonethicknessesat1.5mm off-centerwererelativelyconstant

intheP2M1,M1,andM1M2areas.Thiscanbeattributedtotheincreasingheight

ofthenasalcrestcompensatingfortheposteriorlydirectedgradualdecreasein

overallpalatalbone thickness in the 1.5-mm-off-centerarea.Considering the

increasing heightofthe nasalcrest(Fig 7),the bone thickness at1.5 mm

off-centercan be roughly estimated from the cephalometric measurements by

adding1and2mm toM1-andM1M2-areameasurements,respectively.Because

thebonethicknessinP1P2andP2areaswasthesamein1.5-mm-off-centerand

100% cephalogram measurements,and thebonein P2M1toM1M2areaswas

thickerfor1.5-mm-off-centermeasurements than forthe 100% cephalograms,

CBCT maynotbeneededwhenplanningmini-implantplacementinthemidpalate

when cephalogramsexhibitsufficientbonethickness.However,ifcephalograms
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show verythinpalatalbone,thenCBCT mayberequiredtoevaluatetheprecise

bonethicknessofthemidpalateandnasalcrest,ortoexploreothersuitableareas

formini-implantplacement.

Among1.5-mm-off-centermeasurements,60% ofP1P2measurementsand13%

of the P2 measurements encountered the incisive canal.Therefore,placing

mini-implantsusing thefullthicknessoftheP1P2orP2midpalatalbonemay

result in involvement of the incisive canal.Also,the maxillary sinus was

encounteredin7–17% and0–7% of10-and7.5-mm-off-centermeasurements,

respectively.Caution is required when placing mini-implants in these areas.

BecausethepresentstudyincludedCBCT-basedmeasurementsthatdidnotinvolve

themaxillarysinusorincisivecanal,thepalatalboneofanactualpatientcanbe

thinnerthanthemeanvaluesobtainedinthepresentstudy,especiallywhenthe

maxillarysinusextendsmediallybelow thenasalfloororwhentheincisivecanal

ispositionedovertheP1P2area.Thepalatalbonewasfoundtobethickestinthe

P1P2area;however,in thisarea60% ofthe1.5-mm-off-centermeasurements

encountered theincisivecanal,and 7% ofthe10-mm-off-centermeasurements

encountered the maxillary sinus.Therefore,the area between 5 and 7.5 mm

off-centercanbesaferwhileprovidingsimilarquantityofpalatalbone—theremay

beathinnermucosaandbetterbonequalityinthemidpalatalareas.

Possiblelimitationstothisstudymustbeconsidered.Althoughtherewereno

significant differences between 5-mm-off-center and 100% cephalogram

measurements,this does notmean thatthe palatalbone thickness at5 mm

off-centercanbeaccuratelymeasuredusingthecephalogram.Althoughtheboneat

5mm off-centermaybedepictedincephalogramsaspalatalbonecontoursinmost

cases,therecouldbelargeinterindividualvariations.Thecharacteristicsofthe

depicted areawillvary with thewidth ofthepalate.Also,a deep palateor

V-shapedarchmayshow lessflatareas,resultinginblurringofthepalatalbone

contouronthecephalogram.Whenthereisaverticaldifferencebetweentheright

andleftsidesofthepalatalbone,orwhenthereisverticalasymmetryofthe

externalauditorymeatuscausingmisalignmentoftheheadandpalate,thepalatal

bonethicknessshownonthecephalogram canbeexaggeratedwithsomeblurring.
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Thepresenceofthepalatalbonewithablurredcontouronacephalogram means

thatcephalometricmeasurementsofthepalatalbonethicknessshouldnotbeused

asaguideformini-implantplacement.TheCBCT-basedmeasurementsofthe

palate reported herein may be used as a guideline forplanning mini-implant

placementinthepalate.However,largeinterindividualvariationsinthepalatalbone

contourandthicknessstillneedtobeconsidered.
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Ⅴ.Conclusions

Amongtheareasmeasuredinthepresentstudy,thepalatalboneat5mm off-center

ismostlikelytobedepictedincephalogramsaspalatalbonecontours.Thickerbone

existsat1.5mm off-centerthanisshownoncephalogramsintheareasfrom P2M1to

M1M2owingtotheincreasingheightofthenasalcrest.
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Males(n=15) Females(n=15)

Mean SD Mean SD

Age(years) 19.6 3.4 19.7 3.8

ANB(°) 1.2 5.1 3.1 3.7

FMA (°) 26.5 4.7 28.0 4.1

ICW (mm) 36.0 2.6 35.7 2.1

IMW (mm) 38.7 3.2 38.2 3.3

Tables

TableI.Samplecharacteristics

ICW:intercanine width;IMW:intermolar width,the distance between the

maxillaryfirstmolarsasmeasuredatthepointoftheintersectionofthelingual

groovewiththegingivalmargin



- 15 -

Plane/landmark Definition

Occlusalplane

A planepassing theincisaledgeofthemaxillary left

centralincisorandcusptipsofthemesiolingualcuspsof

bothmaxillaryfirstmolars

MSRplane*
A planeconstructedusingthecristagalli,anteriornasal

spine,andposteriornasalspine

P1P2 Contactpointofthemaxillaryfirstandsecondpremolars

P2 Lingualcusptipofthemaxillarysecondpremolar

P2M1
Contactpointofthemaxillarysecondpremolarandfirst

molar

M1 Mesiolingualcusptipofthemaxillaryfirstmolar

M1M2 Contactpointofthefirstandsecondmolars

TableII.Descriptionofreferenceplanesandlandmarks

*UsedonlyfortheCBCT-basedmeasurements
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1.5mm
off-center

5mm
off-center

7.5mm
off-center

10mm
off-center

P1P2
Canal 18(60%) 1(3%)

Sinus 2(7%)

P2
Canal 4(13%)

Sinus 2(7%) 5(17%)

P2M1
Canal 1(3%)

Sinus 2(7%) 4(13%)

M1
Canal

Sinus 1(3%) 4(13%)

M1M2
Canal

Sinus 1(3%) 2(7%)

TableIII.Frequencyofencounteringtheincisivecanalormaxillarysinusalongthe

measurementlineduringCBCTmeasurements

Percentagevaluescorrespondtothenumberofencountersdividedbythetotal

numberofsamples.
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P1P2 P2 P2M1

n Mean SD Subgroup n Mean SD Subgroup n Mean SD Subgroup

100% ceph 30 9.91 2.10 bc 30 6.42 2.02 bc 30 4.42 1.79 c

1.5mm off-center 12 9.90 3.28 bc 26 5.60 1.37 bc 29 4.75 1.12 b

5mm off-center 29 9.54 2.33 c 30 5.84 2.08 c 30 4.33 1.83 c

7.5mm off-center 30 10.41 2.51 b 28 5.98 2.04 b 28 4.13 1.59 c

10mm off-center 28 12.91 2.72 a 25 8.26 2.65 a 26 6.05 2.31 a

Minimum 30 8.62 2.37 d 30 4.95 1.95 d 30 3.61 1.54 c

M1 M1M2

n Mean SD Subgroup n Mean SD Subgroup

100% ceph 30 3.25 1.42 b 30 2.52 1.35 b

1.5mm off-center 30 4.43 1.12 a 30 4.86 1.10 a

5mm off-center 30 3.21 1.44 b 30 2.54 1.29 b

7.5mm off-center 29 3.02 1.48 b 29 2.09 1.21 c

10mm off-center 26 3.99 1.46 a 28 2.40 1.10 b

Minimum 30 2.47 1.45 c 30 1.77 1.07 d

TableIV.Comparisonofpalatalbonethicknessesmeasuredfrom thecephalogram

(ceph)andCBCTimages(inmm)

* Measurementswith thesamesubgroup letterdo notdiffersignificantly for

multiplecomparisons.

TableIV.Continued.
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Figures

Fig1.Schematicofthemagnificationofpalatalboneat5mm off-center.Abone

thicknessof5mm atthe5-mm-off-centerareawillbeprojectedontothefilm as

a5.7-mm bonethickness.
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Fig2.Cephalometricmeasurementsofpalatalbonethickness.Thethicknessvalues

weremeasuredalonglinesdrawnperpendiculartotheocclusalplaneandpassing

throughit.
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Fig3.MeasurementofpalatalbonethicknessonaCBCTimage.Incoronal

sections,palatalbonethicknessesweremeasuredalongverticalmeasurementlines

paralleltotheMSRandoffsetfrom itby1.5,5,7.5,and10mm.
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Fig4.Bland-Altmanplots:differenceagainstthemean(thicksolidmiddleblue

line)oftheCBCTandcephalometric(ceph)measurements.TheLOA(dashed

brownlines),95% CIoftheLOA (thinsolidbluelines),andregressionlines

(dashedpinklines)areshown.A,1.5-mm-off-centermeasurements;B,

5-mm-off-centermeasurements;C,7.5-mm-off-centermeasurements;D,

10-mm-off-centermeasurements;andE,minimum-bone-thicknessmeasurements.
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Fig5.ComparisonofpalatalbonethicknessesinCBCT-basedmeasurementsat5

mm off-center,7.5mm off-center,andminimum thickness,andcephalometric

measurements.
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Fig6.ComparisonofpalatalbonethicknessesinCBCT-basedmeasurementsat1.5

mm off-centerand10mm off-center,andcephalometricmeasurements.
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Fig7.Changeinnasalcrestheightfrom P1P2toM1M2.Nasalcrestheightswere

estimatedindirectlyasthebonethicknessat1.5mm off-centerminusthebone

thicknessat5mm off-center.DataaremeanandSDvalues.
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