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ABSTRACT

Crownandrootlengthofincisors,caninesandpremolars

measuredbycone-beam computedtomographyinpatients

withmalocclusions

Seon-YoungKim

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

DepartmentofDentistry

GraduateSchoolofChosunUniversity

Objective:이 논문의 목적은 cone-beam computedtomography(CBCT)를 이용

하여 계측한 치관과 치근 길이를 교정치료를 위하여 발치한 소구치의 길이와 비

교함으로써 CBCT의 정확성을 평가하고 CBCT를 이용하여 부정교합 환자에서의

전치,견치,소구치의 길이의 데이터를 얻고자 하였다.

Methods:CBCT 영상은 CBMercuRay(Hitachimedical,Osaka,Japan)를 이용

하여 얻어졌다.금속 수복물이 없는 94개의 발치된 소구치의 실제 길이와 CBCT

에서 계측한 길이를 비교하기 위하여 pairedt-test가 시행되었다.부정교합 환자

에서의 전치,견치,소구치 길이의 데이터를 얻기 위하여 62명의 환자의 CBCT

영상에서 길이 계측이 시행되었으며 Pearson상관계수를 각 치아의 치관과 치근

길이 사이의 관계를 살펴보기 위해 구하였다.

Results:실제 길이와 CBCT 계측 길이는 통계적으로 유의한 차이가 나지 않았

다.95% 신뢰구간의 2SD 범위는 치관 길이에서 -0.90~0.90mm,치근 길이에

서 -1.23~1.18mm 였다.치관과 치근 길이 사이에는 하악 견치와 소구치에서

만 약한 상관관계가 관찰되었다.

Conclusions:CBCT 계측 길이는 치근 길이에서 가장 넓은 범위의 신뢰구간의
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2SD범위를 보였다.이 연구에서 계측된 CBCT 계측 길이는 금속 수복물을 갖지

않은 부정교합 환자들의 치근 길이와 치근 흡수를 평가하는데 참고치로 사용될

수 있다.

Keywords:Computedtomography;Anatomy;Rootresorption
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Ⅰ.Introduction

Inflammatory root resorption is an unavoidable pathologic consequence of

orthodontictoothmovement.
1–3
Theincidenceofrootresorptionisreportedly1–

86% innonorthodonticallytreatedpatientsand19–93% inorthodonticallytreated

patients.
4
Evaluationoftheseverityofrootresorptionrequirestheestablishmentof

referencedataonthenormalrootlength.Earlystudies
5–11

usedextractedteethto

derivethesemeasurements,butthedifficulty in collecting undamaged extracted

teeth alwayslimited thesamplesize.In many otherstudies,12–19 periapicalor

panoramic radiographs were used to measure root length. However,

two-dimensionalimagesdonotallow accuratemeasurement:periapicalradiographs

aredistorted depending on theanglebetween thefilm and thetooth
12–14

and

panoramicradiographsshow verticalmagnification.15–19 Panoramicradiographsare

alsosensitivetopatientpositioning;evenunderoptimalconditions,theyarefraught

withuncertainty,particularlyintheanteriorjaw regions.
20

Cone-beam computed tomography (CBCT) is an alternative technology for

evaluatingrootlengthorresorptionbefore,during,andafterorthodontictreatment.

Sherrardetal
21
comparedCBCT imagesandperiapicalradiographsofextracted

porcine teeth to determine the accuracy and reliability of CBCT-based

measurementsandreportedthattheCBCT-basedmeasurementsofthetotaltooth

androotlengthsdidnotdiffersignificantlyfrom theactuallengths.Further,Lund

etal
20
measuredrootlengthandthemarginalbonelevelin13livingpatientsand1

dry skulland concluded that CBCT yielded a high levelof measurement

reproducibility.CBCT-basedmeasurementsofpatientscanbemoredifficultdueto

patientmovementduringimaging.

Thepurposesofthisstudyweretodeterminetheaccuracyofcrownandroot

length measurements ofpremolars by CBCT by comparing them with direct

measurements of subsequently extracted premolars and to provide reference

CBCT-basedmeasurementdatafortheincisors,canines,andpremolarsofpatients

withmalocclusions.Thenullhypothesiswasthatthereisnodifferenceincrown,
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root, and tooth length measurements between CBCT-based and direct

measurements.
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Ⅱ.MaterialsandMethods

ThisworkwasapprovedbytheethicscommitteeofChosunUniversityDental

Hospital,Gwangju,Korea (CDMDIRB 1218-85).Allthe subjects gave written

consentafterthepurposesofthestudywereexplainedtothem.

AssessmentoftheaccuracyofCBCT-basedlengthmeasurementsofpremolars

Fifty-twoKoreanpatientswhoneededpremolarextractionwereselectedfrom a

population of patients who visited the Department of Orthodontics,Chosun

University Dental Hospital for orthodontic assessment.The premolars were

extracted after the patients had undergone CBCT imaging.Among the 152

premolars extracted, 58 were excluded because of the presence of metal

restorations,incomplete growth ofthe rootapex orpresence ofobvious root

resorption,presenceofaperiapicallesion,presenceofsevereocclusalattrition,or

poorCBCT-imagequality.Finally,94premolarsextractedfrom 21male(meanage,

22.3±3.0years;agerange,16–30years)and21female(meanage,20.3±4.1

years;agerange,16–33years)patientswereusedasspecimens.

Theteethweremeasuredbyusingadigitalcaliperwitharesolutionof0.01mm

(MitutoyoCorp.,Kawasaki,Japan).Thefollowingdefinitionswereusedforboth

thedirectandtheCBCT-basedmeasurements(Figure1):

1 Crown length: distance between the buccal cusp tip and the buccal

cementoenameljunction(CEJ)

2.Rootlength:distancebetweenthebuccalCEJandtherootapex

3.Toothlength:distancebetweenthebuccalcusptipandtherootapex

Inteethwithtwoapices,thebuccalrootapexwasusedforthemeasurements.

Imageswereobtained using aCBCT scanner(CB MercuRay,HitachiMedical,

Osaka,Japan)withthefollowingparameters:149.5×149.5mm fieldofview,15

mA,120kV,9.6-sscantime,0.292-mm isometricvoxelsize,and12-bitgrayscale.

Measurementswerederived from theCBCT images using OnDemand3D 1.0
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software(Cybermed,Inc.,Seoul,Korea).Thewindowingwidthandlevelwereset

accordingtotheCBMercuRaytoothpreset(width,1726HU;level,870HU;range,

7–1733HU)tomaintainaconstantviewingcondition.Toenhanceedgedetection,

acolorgradientmap(rainbow colorpalettepreset)wasappliedbyusingthecolor

palettedialogtoolunderthe“finetuning”taboftheOnDemand3D program.This

toolgeneratescolor-mappedimagesaccordingtoHU values.Therainbow color

palettepresetconvertspixelsover1733HU intored,pixelsunder7HU into

purple,andpixelsfrom 7to1733HU intorainbow colorsbetweenredandpurple.

Thealignmentprocedureofthemultiplanarreconstructionwindowsisdepictedin

Figure2.

CBCT-basedmeasurementsofincisors,canines,andpremolars

Thetotal,crown,androotlengthsoftheincisors,canines,andpremolarswere

measuredbyusingpretreatmentCBCT imagesof31maleand31femalepatients

with malocclusions. The sample characteristics are shown in Table 1. A

preliminarystudyshowednosignificantdifferencebetweentherightandtheleft

teeth;therefore,maxillaryrightteethandmandibularleftteethweremeasured.

ThemeasurementprocedureswerethesameasthoseusedfortheCBCT-based

measurementsinthefirstpartofthestudy(Figure2).Fortheanteriorteeth,the

incisaledgeorcusptipwasusedasthereferencepointinsteadofthebuccalcusp

tip.Inaddition,theroot-to-crown(R/C)ratiosoftheteethwerecalculatedby

dividingtherootlengthbythecrownlength.

Statisticalanalysis

Allofthemeasurementsoftheextractedpremolarswererepeatedafter2weeks

by oneinvestigator(S.Y.K),andDahlberg'sformulawasusedtoquantify the

method error.The Kolmogorov–Smirnov normality testrevealed thatnormal

distributions could be assumed for the direct and CBCT-based length

measurements of the extracted premolars and the CBCT-based length

measurements of the incisors,canines,and premolars.However, when the
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CBCT-basedlength measurementsoftheincisors,canines,and premolarswere

dividedaccordingtogender,theassumptionofnormaldistributionwasrejected.

Thepairedt-testandBland–Altmanplotswereusedtocomparethedirectand

CBCT-basedlengthmeasurementsoftheextractedpremolars.Pearson'scorrelation

coefficientswereusedtoanalyzetherelationshipbetweenthecrownlengthand

therootlength ofeach tooth type.TheMann–Whitney U-testwasused to

evaluategenderdifferences.TheKruskal–Wallistestand multiplecomparisons

wereusedtotestthedifferenceinrootlengthamongthetoothtypesineach

gender.

TheresultswereconsideredsignificantatP< 0.05.Bland–Altmanplotswere

generated by using MedCalc 12.4.0 software (MedCalc Software,Mariakerke,

Belgium),andtheotheranalyseswereperformedinSPSS 12.0software(SPSS

Inc.,Chicago,IL,USA).



- 6 -

Ⅲ.Results

Themethod errorvaluesofthedirectlength measurementsoftheextracted

premolarsweresmallerthanthoseoftheCBCT-basedlengthmeasurements.The

methoderrorvaluesofthedirectmeasurementsofcrown,root,andtoothlengths

were 0.18,0.33,and 0.10 mm,respectively,and those of the CBCT-based

measurementswere0.29,0.82,and0.28mm,respectively.

Withrespecttototallength,theCBCT-basedmeasurementswere0.18± 0.44

mm shorterthanthedirectmeasurements(P < 0.001).However,nosignificant

differencesincrownandrootlengthswerenotedbetweentheCBCT-basedand

directmeasurements (Table 2).Bland–Altman plots showed only smallmean

differences,implyingstrong agreement(Figure3).The95% limitsofagreement

were−0.90to0.90mm forcrownlength,− 1.23to1.18mm forrootlength,and

− 1.04to0.68mm fortotallength.

Thecorrelationcoefficientsbetweencrownandrootlengthswere0.335(P =

0.008)forthe mandibularcanine,0.264 (P = 0.038)forthe mandibularfirst

premolar,and 0.269(P = 0.036)forthemandibularsecond premolar.Noother

significantcorrelationswereevident.

A significantgenderdifferencein theCBCT-basedlength measurementswas

noted:themeancrown,root,andtotallengthsweresignificantlygreaterinmen

(Table3).However,theR/C ratioshowednosignificantgenderdifference(P =

0.807).

TheKruskal–Wallistestrevealedsignificantdifferencesinrootlengthamong

the tooth types in both the male and female subjects.Multiple comparisons

revealedthatthemaxillaryandmandibularcanineshadthelongestrootswhilethe

mandibularcentralincisorhadtheshortestrootinthemalesubjects;inthefemale

subjects,themaxillaryandmandibularcaninesandmandibularfirstpremolarhad

thelongestrootswhilethemandibularcentralincisorhadtheshortestroot(Table

4).
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Ⅳ.Discussion

When measuring tooth length from periapicalradiographs,the likelihood of

distortionrelativetotheprojectionangleoftheX-rayunitshouldbeconsidered.
12,14

Brezniak etal14 stated thatthe median CEJ is the bestreference pointfor

measuringrootlengthviaperiapicalradiographs.Toovercomethedrawbackofthe

projection angle in periapicalradiographs,R/C ratios were measured in some

studies.
18,19
Inthepresentstudy,thebuccalCEJwasusedasthereferenceforthe

crownandrootlengthmeasurementsbecauseitcanbelocatedeasilyonextracted

teeth;moreover,incontrasttoperiapicalradiographs,nodistortionofthebuccal

CEJoccursinCBCTimages.

Stratemann et al
22
reported that the differences between direct caliper

measurements(the“goldstandard”)andmeasurementsgeneratedfrom NewTom

andCB MercuRayscanningwereaslow as0.07± 0.41and0.00± 0.22mm,

respectively.Pinskyetal
23
studiedtheaccuracyofCBCT-basedmeasurementsand

reported thatthe mean width and heightaccuracies forthe measurementof

intraosseous defects were −0.07 mm and −0.27 mm,respectively.Moreover,

Baumgaertel et al.
24
investigated the reliability and accuracy of dental

measurementsonCBCT imagesof30skullsandreportedthatthecompounded

measurementsofCBCT likerequiredspaceandavailablespacetendedtoslightly

underestimatetheanatomicvalues.Inthepresentstudy,thedifferencesincrown

and root length measurements were not significant.However,the limits of

agreementintheBland–Altmanplotfortherootlengthmeasurementswerewider

apartthanthoseforthecrownlengthmeasurements,rangingfrom −1.23to1.18

mm.ThisfindingmeansthatrootlengthmeasuredbyCBCT willdifferfrom the

truerootlengthby−1.23to1.18mm in95% ofcases.

Sherrardetal
21
reportedthatthemethoderrorvaluesoftoothmeasurements

increasewiththevoxelsize:intheirstudy,themethoderrorvalueswere0.266

mm fortotallengthand0.440mm forrootlengthwhenthevoxelsizewas0.3

mm.Ponderetal
25
alsoreportedthatthemeasurementofrootresorptionwasmore



- 8 -

accuratewhenCBCT wasperformedwithasmallervoxelsize.Inthepresent

study,themethoderrorvaluesoftheCBCT-basedmeasurementswerelargerthan

thoseofthedirectmeasurementsoftheextractedpremolars.TheCBCT-based

measurementsofthecrownandtotallengthsexhibitedmethoderrorvaluessimilar

toorslightlylargerthanthevoxelsize(0.292mm)used.

However,themethoderrorvalueforrootlength wasnearly threetimesthe

voxelsize.ThesefindingshighlightthedifficultyinlocatingarootapexonCBCT

images.

Ozakietal
10
foundthatthemeanvaluesofalltoothdimensionsweregreaterin

malesubjectsthaninfemalesubjects.Inthepresentstudy,themeasurementof

every tooth type investigated was significantly longer in the male subjects.

Verhoeven etal6 reported thatthecentralincisorwaslongerthan thelateral

incisorinthemaxillaandthelateralincisorwaslongerthanthecentralincisorin

themandible.Thetotallengthsexhibitedasimilartendencyinthepresentstudy,

butthemandibularcentralincisorhad theshortestrootand maxillary central

incisorhadthesecondshortestroot,inaccordancetotheresultsofBlack.5

Weakpositivecorrelationsbetweencrownandrootlengthswereobservedonly

inthemandibularcanineandpremolars.Thisresultindicatesthattherootlength

ofpatientswith malocclusionscannotbeestimated accurately from thecrown

lengthformosttoothtypes.Thecrownmeasurementwas1.04mm longerandthe

rootmeasurementwas0.6mm shorterinthepresentstudywhencomparedtothe

Kim etal
26
studyonKoreanpeople.Thisdifferencemightbeattributabletothe

factthatKim etal
26
measuredcrownlengthperpendiculartothelongaxisofthe

tooth,whereasitwasmeasuredfrom thecusptiptothebuccalCEJinthepresent

study.Theshorterrootsapparentinthepresentstudymightbeexplainedbythe

factthatthesamplewascomprisedofonlypatientswithmalocclusions.

Hwang and Song
27
evaluated rootresorption before orthodontic treatmentin

patientswithmalocclusionsandreportedthatthemaxillarycentralincisorwasthe

mostsusceptibletosubstantialrootresorption.Inthepresentstudy,themaxillary

rightcentralincisorhadocclusalcontactin41.9% ofthemalesubjectsand38.7%

ofthe female subjects.The low percentages ofocclusalcontactmighthave



- 9 -

contributedtotheshortmaxillarycentralincisorroot.Toelucidatetherelationship

between rootlength and malocclusions,a comparativestudy ofrootlength in

normalocclusionandmalocclusionsshouldbeconducted.Furthermore,comparisons

amongvarioustypesofmalocclusionsshouldbeundertaken.

A limitationofthisstudyisthatonlyoneHUrangewasusedforreconstructing

theCBCT imagestomaintainaconstantviewingcondition.ThisHU rangewas

chosentohighlightthedifferentdensitiesoftherootapexandsurroundingbone

withoutdisappearanceoftherootapex.IfahigherHU rangewaschosen,the

CBCT-basedmeasurementsofrootlengthmighthavebeensignificantlyshorter

thanthedirectmeasurements.GiventhattheCBCT-basedmeasurementsoftotal

toothlengthweresignificantlyshorterthanthedirectmeasurements,thecrown

androotlengthsmayhavebeenunderestimated.Themeasurementofrootlength

isaffectedbytubevoltageandcurrent,voxelsize,andgrayscaledepthduring

CBCT imagingandtheHU rangeusedforimagereconstruction.Furthermore,the

appropriateHU rangeforrootlengthmeasurementscanvarygreatlywhenthe

CBCT scannerorimagingparametersorpositionischangedbecauseHUvaluesof

CBCT arenotreliable.
28,29

Theeffectofthesefactorsshouldbestudiedinthe

future.Finally,molarswerenotmeasuredinthepresentstudybecauseoftheneed

fordifferentalignmentduringCBCT imaging.Therefore,studiesincludingmolar

measurementsarealsorequired.
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Ⅴ.Conclusions

Inthisstudy,CBCTimageswereobtainedusingaCBMercuRayscannerwitha

0.292-mm voxelsizeand12-bitgrayscaletocomparetotal,crown,androotlengths

ofpremolarsmeasuredusing CBCT anddigitalcalipers.Becauseteeth without

metalrestorationswereusedasspecimens,theresultscannotbeappliedtoteeth

withsuchrestorations.Fortotallength,theCBCT measurementsweresignificantly

shorterthanthedirectmeasurements,butnosignificantdifferencesincrownand

rootlengthswereobservedbetweenthemethods.Therefore,thenullhypothesis

wasrejectedforthetotaltoothlengthmeasurementsandacceptedforthecrown

and rootlength measurements.The method error value ofthe CBCT-based

measurementsofcrownlengthwassimilartothevoxelsizeusedinthisstudy

andthatofrootlengthwassomewhatlarger(0.82mm).Inaddition,the95% limits

ofagreementwerewiderapartfortherootlengthmeasurementsthanthecrown

lengthmeasurements.Thedataobtainedinthisstudycanbeusedasareference

forevaluatingCBCT-basedmeasurementsofrootlengthandresorptionofteeth

withoutmetalrestorationsinpatientswithmalocclusions.
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Male

Mean±SD

Female

Mean±SD

Total(n) 31 31

Age(years) 22.4±3.0 21.2±3.9

OB(mm) 1.0±3.5 1.2±1.3

OJ(mm) 1.1±5.0 2.9±2.9

FMA (°) 26.5±3.0 29.8±3.3

ANB (°) 0.8±4.7 2.9±3.2

Incisorcontact
*

41.9% 38.7%

Tables

Table1.CharacteristicsofthesubjectsfortheCBCT-basedincisor,canine,and

premolarlengthmeasurements

Valuesarepresentedasnumberasnumberormean± standarddeviation

*
Percentageofthepresenceofocclusalcontactonmaxillaryrightcentralincisors.

CBCT,Cone-beam computed tomography;OB,Overbite ;OJ,Overjet;FMA,

Frankfortmandibularplaneangle;ANB,ANBangle.
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CBCT Physical Difference
P

Mean SD Mean SD Mean SD

Toothlength(mm) 21.37 1.56 21.55 1.59 0.18 0.44 <0.001
*

Crownlength(mm) 9.07 0.77 9.07 0.81 -0.00 0.46 0.994

Rootlength(mm) 13.10 1.33 13.12 1.36 -0.03 0.61 0.682

Table2.ComparisonoftheCBCT-basedanddirecttoothlengthmeasurementsof

theextractedpremolars

Valuesarepresentedasnumberasnumberormean± standarddiviation

*
P<0.05bythepairedt-test.

CBCT,Cone-beam computedtomography.
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Male Female
P

Mean SD Mean SD

Toothlength(mm) 22.83 2.55 21.91 2.34 <0.001
*

Crownlength(mm) 10.38 1.61 9.97 1.52 0.009
*

Rootlength(mm) 13.53 1.77 12.91 1.71 <0.001
*

R/Cratio 1.33 0.24 1.32 0.25 0.807

Table3.ComparisonoftheCBCT-basedtoothlengthmeasurementsofthemale

andfemalesubjects

Valuesarepresentedasnumberasnumberormean± standarddiviation

*
P<0.05bytheMann-WhitneyU-test.
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Toothtype
Male Female

Mean SD Group Mean SD Group

Mxcentralincisor 12.30 1.55 B 11.75 1.46 B

Mxlateralincisor 13.25 1.20 B 12.66 1.07 B

Mxcanine 15.83 1.49 A 15.23 1.78 A

Mxfirstpremolar 13.24 1.30 B 12.40 1.53 B

Mxsecondpremolar 13.18 1.72 B 12.55 1.51 B

Mncentralincisor 11.56 0.87 C 10.99 0.88 C

Mnlateralincisor 12.75 0.95 B 12.58 0.92 B

Mncanine 15.02 1.52 A 14.21 1.28 A

Mnfirstpremolar 13.77 1.23 B 13.56 1.02 A

Mnsecondpremolar 13.58 1.11 B 13.16 1.10 A

Table4.CBCT-basedrootlengthmeasurementsoftheincisors,canines,and

premolarsbygender

Mx,maxillary;Mn,mandibular.

Meanswiththesamegroupletterarenotsignificantlydifferent.

SD,Standarddeviation.
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Figures

Fig1.Schematicofthelandmarksusedformeasuringthetotaltooth,crown,and

rootlengthsoftheextractedpremolars.

Fig2A.
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Fig2B.

Fig2C.

Fig2D.
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Fig2E.

Fig 2. Alignment procedure of multiplanar reconstruction windows for the

CBCT-basedlengthmeasurements.Thered,yellow,andbluelinesindicatethe

sagittal,coronal,andaxialplanes,respectively.(A)Theintersectionofthesagittal

andcoronalplanesisalignedwiththecenterofthepulpchamberintheaxialview

ofthetoothtobemeasured.(B)Thesagittalplaneisrotatedinthecoronalview

ofthetoothsuchthatitpassesthroughthebuccalcuspandroottips.(C)The

coronalplanein thesagittalview ofthetooth isrotated such thatitpasses

throughthebuccalcuspandroottips,whileensuringthatthesagittalplanealso

passesthroughthebuccalcuspandroottips.(D)Verificationthatthesagittaland

coronalplanespassthroughthebuccalcuspandroottipsbymovingtheaxial

sliceuntilthecusporroottipdisappears.(E)Measurementofcrown,root,and

totaltoothlengthsinthesagittalview ofthetooth.Thesemeasurementswere

performedsimilarlytothecorrespondingdirectmeasurements.
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Fig3A.

Fig3B.

Fig3C.
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Fig3.Bland–AltmanplotsoftheCBCT-basedanddirectlengthmeasurementsof

theextractedpremolars.TheCBCT-physicaldifference(dottedline),mean

difference(thicksolidline)and95% limitsofagreement(dashedlines)areshown.

(A)Crownlength.(B)Rootlength.(C)Totaltoothlength.
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