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Abstract

Introduction: ThetpurposetbfithistthesistivasttoflevelopthewiBD#ransversetnalysist
thattutilizesth#BDiCartesianfoordinatet#ystem#totbssesstbuccolingualfinclinationstbfifirst#
molarstind#aninesttsingthfpreviouslyttiescribed#B D#naxillary#teferencetplane. . #
Landmarkstused#foitreatetthisthnalysistiverethssed#for#eliabilitytand#tompared#oithe#
reliabilityfbfthetpreviouslytlescribed#£WRU#ransversetanalysis.#Resultingtbuccolingual#
inclinations#from#thisthewthnalysisthnd#2WRU#ransversethnalysisfiverettompared.
Methods: CBCTsibf#l O#kulls#verettised#ottest#eliabilityibfitheffandmarksithosen#o#
developtathovelfnalysistand#eliabilitytbfthetingularimeasurementstproducedibyihett
CWRU#ransversefhnalysis. #EBCTstbfb0tpatientstiverethentisedtoitompare#esulting#
angularimeasurements,#nolartanditaninetbuccolingualfinclinations,thetween#hetfwo#
methods.#

Results: Allf20#Avizoftandmarks#or#thethoveli8D#nalysistiverefteliable.fThet8tngular#
CWRU#measurements#lemonstratedfgoodiintraSexaminer#eliabilitytbuti#feduced#inter9
examiner#eliability.fTherefvasthitatistically#ignificantilifferencefforfll#neasuredieeth#
when#echniquestivereftomparedibutibnlytaxillaryt#aninestshowed#b#linicaltlifference#
betweentboth#nethods.#

Conclusion: Thettleveloped#lbertatbSHransversetinalysistivastlemonstrated#otbe#ery#
reliabletand#roduced#resultsilinically#similartothetCWRU#ransversefnalysistexcept#
fortmaxillary#anines.fThisthovelthnalysis#taniprovidetathew, #eliable#ool#othidin#

diagnosingtaxillary#ransverse#tleficienciestby#dentifyingt#lental#ompensations.#
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Chapter 1: Introduction and systematic review

Statement of Problem

H Maxillary#ransversettleficienciesthrethikeyitomponentibftnanytnalocclusions#
and#ddressing#histleficiencythimstati#educingtheriodontaltproblems, #mprovingiental#
and#tkeletaltta biIity,#and#bstheticsl.#t#s#/itaI#o#ae#a blettothssesstthettraniofacial#
skeleton#inithettransverseflimension,#identifyf#lentalitompensationstandthccurately#
diagnose#thetheed#oriexpansion,ithertbnlyflentallytbriblsotskeletally, #ofimprove#
treatmentiefficiencythnd#ffectiveness.tbiagnosistbftmaxillaryftransversetleficiencies#
canibedifficultibfteninvolvinginoretthenibnetbfithe#followingtmethods:#linical#
evaluation,thnalysistbftlentalttasts,ibcclusogramstanditiental#fadiography?. iNonetbf#
thesettmployed#iagnostictinethodsthavetbeentestablished#sthitiniversal#teference#
standard#for#liagnosing#ransversettleficiencies.#Vith#hreedimensionalimaging#
emergingfn#theflentalffieldthstitliagnosticinodality, #it#vouldibetbeneficial#otletermine#
if#8D#nalysesthave#thetpotentialtfoimprovetthettliagnosistbfmaxillary#fransverse#
deficiencies#pecificallytbyf#identifyingtthetpresencetbfilentalitompensationstbvertrue#
skeletal#leficiencies.tCurrently,thotBDitransversefinalysisthastbeen#teportedithatfully#
utilizesithetBDilata#in#CBCT#mages, #atherieveralixistithattmake2 DHinearthnd#fngular#
dentalthnditkeletalttneasurementstbnitoronalilices#tofjuantifyf#lentaltbuccolingual#
inclinations.#Also, #tstable#teferencetplaneHforiBDibuccolingualfinclination#

measurementsthasthot#ettbeentidentified.#



H It#emainsthecessaryfotleveloptBDHransversethnalysistivithiistableB D#
referencedplanetthatffullytitilizestB Dilatattothssesstbuccolingualfinclinationtbffipperiand#
lower#eeth#ind#ssesstthefintraaterthndinterTater#eliabilityibfidentified#keletaltand#
dentalfandmarks.#secondly,#heset8Dibuccolingual#inclinations#anibettompared#otan#
existing#CBCT#ransversefhnalysis,#pecificallyfthefC WRUHransversethinalysistthattisesth#
differentimeasurement#teferenceplane.fMhethextisteptafteritievelopmentibfibthoveliBD#

analysistivillibe#othssessHorthccuracyfinditlinical#alidity. #

Research Objectives

# Three#tesearchibbjectivestivereidentified:#

# # Objective 41 :##

H H H a.)flofidentifythnd#hssesstthettepeatabilitythnd#t  # H

# # # reproducibilityfbflentaltanditkeletalfandmarkstbnithreeH #

# # # dimensional#mages#hat#villtbefised#otestablishi8D#eference##t
H H H and#measurementtplanestiniievelopingththoveltt # H

# # # transversetanalysis.#

# # # b.)#Reliabilitytbfithetlentaland#keletalfandmarkstisedforithet
# # # novelinalysistivilltbettompared#otthe#eliabilityibfangulari

H H H measurementstbbtained#isingtthetexistingtCWRU#ransverset

H H H analysis.#

H H Objective)#2:)TotlevelopththoveliBDi#transversetbnalysistthatfidentifies#t

# # thetbuccolingualfinclinationstbfmaxillaryfandfmandibular#irstinolarst#



# # and#taninestusingfhipreviously#lescribedBD#naxillary#eference##t #

# # plane#fortangulartineasurements.##
#
H H Objective)43:)Tottompare#thethewlyttlevelopedtAlbertatbS#ransverset

# # analysisthngulartimeasurementsto#hefpreviouslyflescribedCWRU#
# # transversetanalysisforfmaxillaryfandfmandibularttaninefand#molar#

H # buccolingual#inclinations.#

I+
I+
I+
I+

)
#

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

#
References
# #

1.#zrabertt W, #/anarsdallfRL,&/igtKWL.#Drthodontics:)Current)principles)and)techniques.)
Philadelphia,#PA:#lsevieriMosby;#®012.#

#

2.45uritt, fanejatP .#surgicallythssisted#apidipalataliexpansion:#Afliteraturetteview .#
American)lournal)of)Orthodontics)and)Dentofacial)Orthopedics.#2008;133(2):2908B02.#



Diagnostic methods for assessing maxillary skeletal and dental transverse
deficiencies:

A Systematic Review
#

Sawchuk,)D.,)Currie, )K.,)Lagravere-Vich,)M.,)Palomo, )yM. )& Flores-Mir,)C.)(2016).)
Diagnostic)methods)for)assessing)maxillar)skeletal)and)dental)transverse)deficiencies:)A)
systematic)review.)The)Korean)lournal)of)Orthodontics,)J46(5),)331-342.)

)
)

Introduction
AssessmentibfHacialigrowthibstivelltasttievelopmentibfithelentalibcclusiontis#
partibfithetprocessibfiliagnosingtbrthodonticthbnormalitiestthat#iftpreventedibritreated#
wouldiprovide#neasurabletbenefititotbatients™ #rthodontiststhavethcknowledged#thati
maxillary#transversettleficienciestaretatsignificantitomponentibfinanytnalocclusions™. #
Treatmentibfiransversefleficienciestisthimed#t#educingtotentialiperiodontal#
problems,#mprovingttientalthinditkeletaltbtabilitythstivellihsimprovingmiletesthetics™.#
LateraltexpansionibfithetboneythalvestbfithefmaxillathtithetmidPalatal#uturetivast
reportedtbs#aarIy#és#the#nid#&9th#tentu rythsthinethod#otbvercome#transversefmaxillary#
deficiencies® #£urrentifreatmenttmethodsttothddressiskeletaltnaxillaryitonstrictiont
include#pplicationtbftbrthopedicforcesivithislowtbrirapidfanxillaryt#xpansion#
protocols#intthildrentandtadolescentstandisurgicalimidalatalsplitting#intadultibatients”
% i\ftertthettompletiontbfithethdolescentigrowthibpurt, thstthetnidPalatalisuturet
progressivelytbecomestmoreffused,theavierfforcesthcrosstthetsuturetbreffequiredio#
producetneaningfultmaxillarytkeletalitxpansion® frhereforefittbecomestitalitotbethblett

tothssessthstbarlythstpossibletthettraniofacialitkeletonfinthettransversetlimensionfand#



accurately#liagnose#hetheed#or#transversetinaxillarytexpansion#fofimprove#its#
treatmentiefficiencythnd#ffectiveness.fhistlrivesithettontinuedtevolutiontand#
developmentibfiliagnostictfools#thatievaluate#thetnaxillary#ransversetlimension.#
Diagnosistbftaxillaryfransverseteficiencies#tantbefifficulttandibftentincludes#
thetisetbftimore#thanibnetbfitheffollowingfmethods:#linical#evaluation,#lentaliasts#
analysis,#cclusogramstand/orttraniofacial#tadiography” .#Postero@nteriori#
cephalograms#PAC)thavetpreviouslytbeenttonsidered#thetmost#eadilythvailabletand#
reliabletivay#otbvaluatettransversetskeletalitliscrepancies®. iNevertheless, fit#istknown#
thatttonventionali2 D#magingibfitkeletal#tructuresthast#technical#fimitations#that#ffect#
thetbccuracytbflandmarkiplacementiind#longtivithipractitionerfinexperiencefin#
identifyingtPACHandmarksthas#esulted#nthignificantthmountibffandmark#
identificationterrors®™ #
To#urtheritomplicatethetscenariothn#iniversaligoldtstandard#hasthotibeen#t
identified#in#the#literaturefforiliagnosingtmaxillary#transverse#leficiencies;thowever, #t#
hastheentuggested#thatibitlinicallythccuratetenough#tliagnosis#involvestbothitlinicaltind#
radiographictevaluation, #ivith#PACHonsidered#hetturrenttstandardfforievaluating#
transverseitkeletaltlimensions®.#Mostftommonly,iliniciansttisethimethodithattteliestbnit
attombinationbfitlinicalfandilentalitastibssessmenti#hatievaluatestpresencetbf#
crosshites,#legreetbfitrowding, rchividth#nmeasurements,tperceivedibuccolingual#
inclinationtbfiteethtindithetshapethndtheightibfithetpalataltyault™® #
With#hreeXdimensionalimaging#mergingfintthetbrthodonticHieldtsthifeasible#

diagnostictinodality#or#tlinicaltise, #hetlevelopmentibfimprovediliagnostictutilization#



oftCBCTHmages#ottliagnosefmaxillaryfransversefleficienciesttouldibettiseful . #AsBD#
imagesthrethot#hffectedibythe#fechnicalflimitationsthssociatedvithi2 DIPACHhetisetbf#
this#technologythastiemonstrated#o#farsignificantlyflesstizariabilitythnd#more#
reproducibilityfbffransversetmeasurementstbniBCTXonstructedPACHEmagesttompared#
toitonventionali2 DiPAttephalograms™> . fhetability#otmake#focalizedtandispecifict
transversal#adiographicttutstbf#CBCT#magestotbssessthreastbfitlinicalinterestisthlsobf#
significantipotentialintliagnosistbfthettraniofacial#fransverseflimension.#
Astthethvailability#bf#eBCT#maging#initlinicalpracticefincreases, fithvouldibe#
beneficial#ottletermine#f{BCT#magingimprovesthe#liagnosistbfitransversefmaxillary#
deficienciestbriitfustimprovesttandmark#ocationprecision.ilinicallyfneaningful#
accuracy#nd#eliabilitythouldtbetsecuredibeforetbtmoretividespread#isetbfHBCTHNdHtsH
associated#onizing#adiation#istbuggested.fThetbbjectivetbfithis#teviewlisithereforetto#
evaluate#thethccuracyfind#reliabilitytbfihetbvailablefliagnosticttoolstised#ohssess#

maxillary#ransversettieficiencies.f#

Methods
Reportingtbf#thistteview#ivastbasedibniThetPreferrediReporting#temsiforibystematict
Reviewstand#Meta%Analyses#PRISMA thstbtemplate™ #

Protocoltind#tegistration#

Protocol#egistrationfivasthottavailable.#

Eligibility#riteria#

The#linicalfjuestionfivasfgenerated#isingithe#PICOS#ormat:#



Population:)Orthodontictpatients#vitht#nixed#bripermanentitientitionstvith#ll#
permanent#firsttmolarstpresent.#

) Intervention:#8D#liagnosticthnalysis.#

Comparison:#Combinationtbfttlinical, thlastertmodels,thind/ortP ACtasthtbroxyHorth#
gold#standardthsitherefisthotknownfindtniversallytaccepted#goldtstandard.#

) Outcomes:#ccuracytind#eliabilitytbfithetB D#liagnosticthnalysis.#
Study)Design:tDiagnostic,ibbservationaltbriinterventional#studies.fFrom#the#fatter#
only#tlatatpertinentitothetSRifjuestiontivouldibettollected.#

Inclusionttriteriafincluded#tudiestthat#teportedthccuracy,aliditythnd/ortreliabilitytbfth#

diagnostictinethodibrievaluationftechnique#fortaxillaryftransverseflimensionstin#

humans#vith#mixedtbripermanentitientitionstandtll#irstipermanentimolarstpresent.#

Exclusionttriteriatincludestbrimaryttlentition,#tudiestthattbnlytevaluatetierticalthnd/or#

anteroposteriortmaxillary#leficiencies,syndromictpatientstanditleft#ipthnd/ortpalate#t

patients.# #

Informationtbourcest

A#bystematictsearchibfithreeftlectronict#latabasesfivastompleted#ofidentify#elevant#
studiestivith#thethidibfththealth#ciences#ibrariantisingfMEDLINE#OvidSP),#PubMedtnd#
EMBASE#OvidSP)#romithetlatetbfibstablishmentibfthettlatabasesttotthetsecondfiveek#
ofAprili2015.4#

Searchiftrategy#

The#earch#vasttonducted#irrespectivetbffanguagetisingtkeyfvords,#ombinationsibf#

key#vordsHvith#runcationstind#MedicaltbubjectiHeadings§MeSH).fThe#searchitrategy#



wasttlesigned#ortMEDLINEths#shown#nfAppendixil. 1#ind#vasthdapted#otfacilitate#
searching#intthetbtherilatabases.iReference#liststbf#etrievedtarticlestiverethand#
searched#fofidentifytadditional#elevanttarticles.#imited#earchibfigreyditeraturetivas#
completed#isingtzoogletsearch#analyzing#irst#l 00#hits)and#elevantitextbookstby#
searchingkey#ivords.#

StudyiSelection#

Intthe#initialitagetbfiarticleselection, #itlesthndfbstractstivere#eviewedby#wott
reviewers#DSt#hnd#KC)Hfromttachitlectronictlatabase’sttesultsttoftemovethlltbrticlesthat#
appear#otbetinrelated#o#theffopicibrithatffitithetbxclusionriteria. #At#histbtage, Any#
articles#hattvaluated#naxillary#ransversettlimensions#iverefincluded.fResultstbetween#
reviewerstiverettompared#tofidentifytliscrepancies.f#f#hey#xisted#they#iverettesolved#
byt#thirdtpartyML).#Forthnythbstractithatilidthot#ontaintbufficientinformationtbriivast
unavailable,#the#fullthrticlet#textfivasthlsotbbtainedffor#teview.fFortthosethbstractstthat#
werettleemedtpotentiallytisefulfullitexttarticlesfverethentteviewedtinithe#final#
selection#tage.#nclusionfind#xclusionitriteriativerethppliedfgain#intluplicateDSthnd#
KC)#stomeibfithesinformationiprovidedibythethbstractstnaythavetbeentisleading.#
Referencest#istsibffullitexttbrticlestthativerefincluded#inithef#feviewtiverethlsothand#
searched#tofidentifytany#dditionaltarticles.#

Data#ollectiontprocess#

Twotindependent#teviewers#DSthnd#K C)thssessedtindtbbtainedlatafromitachibfithe#
selected#articles.#DatattollectedfvasttomparediindtbtthirdtpartyfML)#esolved#

identified#liscrepancies.t#



Datafitems#
Datatthatfivastbbtained#fromithe#finaltbelected#studiestincluded#ampletsize, #neantbge, #
typetbfiliagnostictool#includingfmachinettised,#legreetbftnaxillarytfransverse#
dimensional#leficiency,#liagnosticthccuracy,fhccuracytind#eliabilitytbfiach#tool #
analysistbrihssessmenttmethod#ised.#Table#l.1)#

Table#l.1:#5ummarytbfétudy#haracteristicstbfincluded#articles#

Authors/Year Sample size Description of Diagnostic Accuracy/validity or
maxillary tool/analysis used reliability of
dimensions or (including machine) diagnostic
degree of tool/method

malocclusion

Cheung et al#




Dalidjan et al#
(1995)

Lee et al#
(2014)

SAO0M,#0F#
Australian#
Aborigines#
980M,#B0OF#
Indonesians#
980M,#B0OF#
white#
Australians#
Total##200#

920M,20F#
A otal#oH#

H4.2M #
14.7F#

#

#
993.9M,#
22.0F#

#
q17.9M,#
18.0F#

R7.2M#
96.4F#

Shormal#
occlusionstand#
minimalttental#
irregularity#
selected#for#
HAngleiClassH#
molar,tbverbite#
<4mm,dbverjet#
<3mm, H#ull#
permanent#
dentition#from#
secondtmolar#o#
second#molar,#
no#nissing#
teeth,tho#
supernumerarie
s,thottrossbite, #
minimal#
rotations,tho#
orthodontic#
treatment,#
minimaltattrition#
9Subjects#
selected#hatitio#
notthave#t
transverse#
discrepancies#

INormal#
occlusionstvith#
Angle’stClass##
caninethnd#
molars#
9Excluded#
skeletal#
dysplasia,#
asymmetric#
arches,#
moderate9
severe#
crowding, #
missing#eeth,#
previous#
prosthodontictbr#
orthodontic#
treatment#

9Pont’stindextising#
digital#aliper#
measurementstbf#
dental#tast#
mesiodistal#trown#
widthstbftmaxillary#
permanent#incisors#
and#rchividths#totin#
accuracyfi. Imm#

#

Pont’s#Formulas:#
PHvidth##51##.00/80#
#
M#nvidth#514&#00/644#
#

P#thremolar#
transversettlistance#
M#-#nolar#transverse#
distance#

Sl#tumibf#
mesiodistal#vidthsibf#
four#maxillary#incisors#
#

#

IMxiandiMdibasal#t
bone#vidth#
differencesttompared#
betweeniBCT#mages#
and#PAttephalogramstt
with#measurementstt#
3tsites# 1 toremolar, #
2"%remolartandi™#
molar)tbiifferent#
bone#evels#
9EBCT#CB#MercuRay):#
Axialtand#toronal#
slicest#tandardized#
priorto#
measurements#
IPAttephalograms#
(OrthoCeph#DC100):#
Hhettlifferences#
between#naxillaryfind#
mandibularibone#
widths#vere#
calculated#ind#
comparedibetween#
CBCT#nd#PA#eph#

Correlation#oefficients#
betweentbbservedtrch#
widthsthnd#hose#
predictstbytPont’s#ndex#
ranged#fromi#0.129.56,#
thethighest#fortmale#
Indonesians##

IDNlyH %B2%4bfH
variation#intbbserved#
archividthsttouldbett
explainedtby#ariation#in#
predictedtarch#vidths#
AustraliantAboriginals:#
20.6%tbftarchvidths#
were#vithin# /9 mmibfH#
Pont’sthrediction#
HVhitetbubjects:#B0.8%¢
oftarch#vidths#vithin# /%
ImmibfiPont’s#
prediction#
Hndonesians:#7.5%bf#
arch#vidths#wvithing#/9
ImmibfiPont’s#
Prediction#

IMaxillomandibular#
width#bfinolartareatht#
threet#tevelstbniCBCT#
showedistatistically#
significantitorrelation#
with#PAttephalogramstt
(0.49.4%orrelation#
coefficient#P<i0.05)#
IMaxillomandibular#
widths#til “tnd2 " #
premolars#tlidthotishow#
anyisignificant#
correlationtbetweentt
CBCT#ndPAH#
cephalograms#0.0390.34#
P<i0.05)#

#

Pont’stprediction#
generally#
underestimated#actual#
archividths#n#arious#
populations,tbnly#
17.5%B0.8%tbfthrch#
widths#verefvithin /%
ImmibfiPont’s#
prediction,#his#
demonstratestPont’s#
index#lidthot#
accuratelytpredict#
dentaltarch#vidths#
and#isttinreliableffor#
use#initliagnosisi#
treatmenttplanning#

#

#
#
H

Sintraexaminerferror
P<0.5#ind#CCtneanibftt
0.88#indicated#good#
reliabilitytbf#
measurements#
Ftudytbuggests#
assessmentibfitkeletal#
transverse#
discrepanciestusingiPA#
cephalograms#vith#
jugalethnd#hntegonial#
points#has#limitations#
and#nayibettess#
accurate#han#BCT#
images#
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I41#otal, #
nofex#
differentiati
on#

Miner et al#
(2012)

WV ET RS 20M,20F#
(1995) 4 M otal#0H

H 3HforiM#
&iFH

Shot#
specified#

mixednd#
permanent#
dentitions#vith#
firstermanent#
molars.tAngle#
class#molars#
and#anines#
Strowding,#
overbitetand#
overjettkAmm#
I 1#nilateral#
posterior#
crosshite#
9B834bilateral#
posterior#
crosshite#

Q7 9ttontrol, #
normal#
transverse#
dimension#
9b1tsuperior#
convergent#

M 7#nferior#t
convergent#

Salltpermanent#
teethtpresent#
firsttmolarSirst#
molar#
Ytlegreetbf#
malocclusion#
not#pecified#

19 BCTH#cans#from#9
CAT#canner#
Hmagesitbriented#
usingtpecified#
referencetplanestfor#
2D#tonsistency#
HEBCTHransverse#
analysistivas#
developed#inthe#
coronaltplanettisingi2#
linear#measurements#
(maxillarytand#
mandibulartkeletal#
archividth)iR##
angulartlental#
measurements#
(maxillarytand#
mandibulartmolar#
angulations)#
IMeantvaluesttlerived#
from#thethon9
crossbitetgroup#

Ymeasurementsitakentt
with#ligitalitalipers#
from#tudytmodels#o#
use#vithPont’s#index,#
Schwarz’s#inalysistand#
McNamarattuletbf#
thumb#
Atmoretbbjective#
crowding#ndex#vas#
proposed#ind#validity#
wastevaluated#

Hinearttkeletal#
measurements#
significantlytlifferent#
betweenitontroltind#
bilateral#rossbite#
groups,#molar#
angulationsthot#
significantlylifferent#
9bilateraltindnilateral#
crosshitefgroupsthave#
significantlytharrower#
maxillary#vidthst#than#
controls,thut#vider#
mandibles#
Hnilateralitrossbite#
groupthavetinore#
uprightiteethtbnthon9
crossbitetidett
ShonXrossbitetgroupst
with#lental#
compensations#
(superioritonvergent,#

inferiorttonvergent)thad#

significantlytlifferent#
skeletaltand#lental#
measurements#from#
controls#

9Crowding#index#
correlatedthighlyfivith#
objectivetimeasurestbf#
crowding#correlationtbf#
0.889.96)#
YPont’stindex#
overestimated#
intermolar#vithfind#
interpremolar#vidthiby#
2.5mmito#. 7mm#
95chwarz’sthnalysis#
overestimated#
interpremolar#vidthiby#
2.5mm%A.3mmi
IMcNamara’s#uletbftt
thumbibverestimated#
intermolar#vidthstby#
2.7mm3B.7m#

Shigh#intraexaminer#
and#interexaminer#
reliability¥mean#.95)#

9Crowding#index#sth#
validtand#morett
reproducibletmeasure#
oftental#
crowding/need#or#
expansion#than#
objectivethssessments#
9hetindicesthdvocate#
antbverexpanded#
arch,#therefore#
treatmentiplans#
shouldthotibetbased#
on#uch#implistict
mathematical#
conceptstthattarethot#
clinically#valid#

#
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(2004)

Rastegar-Lari et
al#
(2012)

Podesser et al# |1\ E: 253

otalloH#

969M,#AF#
otal43#

9D6HearsH

H3.3M,#
13.2FH#

Fsubjects#
chosentt
irrespectivetbf#
occlusiontand#
facial#
morphology#

SHdealitlassH
occlusion, tlass#
posterior#
intercuspation,#
no#transverse#
discrepancy,tho#
lateral#hift,tho#
midline#
deviation,#
overjetftesstthan#
3.5mm#

9 TH#canstbbtained#
withthigh%esolution#
bonetalgorithm#
(Tomoscan#000R)#
with#tandardized#
frontaltplane#
orientation#
YDuantitative#
evaluationtbf#linear#
and#ngular#
parametersthasedtbn#
twotlices,#nolartslice#
and#taninetslices,#
digitizedtpointstised#
for#Cephalometric#
analysis#
9ethodtevaluated#
nose,axillarythones#
and#tlentaltarchest#
including#nolariR#
canine#inclinations#

Ytlentaltnodel#
measurementstnade#
with#ligitalitaliperifor#
archwidth#predictions#
according#totthe#
indexestbftPont, #
Schwarz, #ratzinger,&#
Howe#
StateraliindPA#
cephalograms#taken#
and#teferencetpoints#
identified#including#
interzygomatic#vidth,#
interjugularfvidth, #
Maxillomandibular#
discrepancy#
(intergonion#ividth#
minus#interjugular#
width)#

IMultivariate#t
regression#including#
verticali&#ransverse#
Cephalometric#
parametersthlonghvith#
dentaltmeasurements#
totbredictfarchividth#

9torrelationtbetween#
firsttind#econd#
digitized#eadingstvery#
high##10.969.99 tho#
significant#lifference#
HntraDbserverterror#
hadtho#statistically#
significant#lifferences##
=10.899.99#
HnterDbserverterror#
with#he#exceptiontbf#
onetmeasurementthad#
notsignificanttbtatistical#
differencestbutthad#
moretariation#than#
intra%bserverterror, ##H
0.439.98#

W ariationthetweent#t
observerstvasttmall#
compared#vith#biologic#
variation#subject#o#
subject#

9tCorrelationtbfiPont’s#
index#vith#measured#
distancestR##0.3790.42,#
wereifgenerallyftarger#
than#measured#
distances,ibnly®27B7%#
oftpredictions#ivere#
within#l.Ommibftactual#
distances#

S orrelationtbfischwarz#

andi#ratzingerfindex#
with#measured#
distancestR=0.359.44,#
only#6.5%2.1%bf#
predictionstverefivithin#
1.0mmibftactual#
measurements#
YHowe'ststated#
averagesitbftmaxillary#
widthstverefvithin#
1.0mmibftbnly28%tbf#
subjectstactual#
measurements#
HHtineartregression#
showed#R*0.329.444

9study#uggested#
measurementstivere#
reproducibletand#
reliable#ivhen#
performedtbyithe#t
same#person#

Pont’stindex##
Schwarztand#
Gratzinger#indexthnd#
ruletbfithumbibfiHowe#
provided#oor#
estimatestbftmaxillary#
archividth#ind#vere#
inaccurate#
tht#vidthipredictions#
IMostthccurate#
prediction#ivast
combination#bf#
summed#vidthibft
maxillary#incisorstand#
maxillary/interjugular#
width#vith#the#
multivariate#finear#
regression#
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Hull#
complementibf#
permanent#
teeth#
IPatients#
randomly#
selected#from#
private#
orthodontic#
practice, #
individual#
malocclusionst#
not#escribed#

Tai et al#
(2014) #

Si2M,#9F#
HotaliB1#

912918#
years#

Thu et al#
(2005)

928M,ib7F#
TotaliB5#

I3.9M,#
23.2FH#

9‘Subjects#vith#
maxillary#lental#
arch#
irregularities#
and#nissingtt
teethiiverett
excluded.”#
9Didthotibpecify#
inclusion#riteria#t
fortthe#t
malocclusions#
beyondi#the#
above#statement#

#
#

Riskibftbiastintindividualt#studies#
#

9CBCTHSirona#
Galileos)#nd#PACH
imagesi#gathere#t
Hmagestprocessed#
and#andmarks#
identifiedtbn#BCT#nd#
PACHo#measure#
transverse#vidthstbf#
maxilla,#mandibletand#
dentition#
9skeletalttransverse#
dimensions#
investigated#vith#he#
followingthoints:#
zygomaxillary,fugale#
and#ntegonial#
landmarks#
IDentalilimensions#
recorded#tithe#
positiontbfitanines#
and#nolars#

YHead#neasurementstt
taken#
9maxillary#lentalitast#
measurements#aken#
(mesiodistaltlistance#
offfourtmaxillary#
incisorstand#premolar#
&tolartarchitvidths#
fortPont’sthnd#
Korkhaus#index’s#

FECBCTHCCH#).9091.00#
IPACHCCH1.909.98#
QCBCT#Nd#PACH
measurementsihowed#
atstatistically#ignificant#
differenceffortmajority#
offneasurements#
IMultipleslinear#
regressiontbftMaxillary#
width,#J6#otpredictdy:#
PACIR™H#7% #EBCTR 4
73%, #
CBCTHisingthdditional#
predictors#for#maxillary#
width#inique#otEBCTR™
=iB0%#H#

9L Cibf#intermaxillary#
width#atiostbftPACHnd#
CBCT#Hwvas#).7#
9LBCTH#dentified#/31#
subject#ivith#
intermaxillary#vidth#
ratiostbelow## 7%t
IPACHdentified#1/31#
subject#ivith#
intermaxillary#vidth#
ratiostbelow#7%#4/11#
ofithese#ivere#identified#
below#7%#vith#£BCT)#

Ypredictedientalthrch#
measurements#from#
Pont’stindex’s#vere#
significantlyfgreater#
than#lentalitast#
measurements,tand#for#
Korkhaustsignificantly#
lower#thanttast#
measurements#P<0.01)#
HNeakitorrelation#
coefficients#0.269.48)#
9Dbservedarch#
measurementstbn#
dentalttaststverethotintt
proportion#vith#
measured#incisor#ividths#
from#thefindices#

9High#intraexaminer#
reliability#eported#for#
both#£BCT#nd#PACH
measurements#
HBCTHneasurements#
had#oretexplanatory#
power#or#9tndAg9
Agitatiostivhen#
compared#otthetbamett
predictors#tisedffor#
PACHAND#additional#
variablestimeasured#
onlytby#BCT#rovided#
more#information#o#
predictd9#
9enhanced#accuracy#
of f£BCTHor#tliagnosis#
oftmaxillary#
deficiencies#
demonstrated#
IPACthadib/31#alse#
positivestinfidentifying#
intermaxillary#
transverse#
discrepancy,#
questioningthccuracy#
oftPACHN#
intermaxillary#
transverse#liagnosisH#

9Doesthotisupportithe#
accuracy#bfPont’s#
indexthnd#orkhaus#
index#

Twotteviewers#DStndiKC)#ised#hetQualitytAssessmentfllool#fortbiagnostic#Accuracy#

Studies#QUADAS)#otbvaluatettiskibfibias™ Mhetteviewersthssessedithettiskibftbiastbftt

each#study#independentlytandiliscrepanciestiveretfesolvedibytbithird#teviewerfML).”
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Summary#neasures#

Accuracytaind#eliabilitytbfttach#method#vasttonsideredsivelltastensitivityfhnd#
specificitytbfieach#liagnostictechniquettised#othssesstaxillary#ransverseflimensions.#

Inthddition, #PV,INPV,# R+ # R9{ROClturvestiverettonsideredtifthvailable.#

Results

Studyi#Selection#

A#flowi#thartibfithetarticletselectionprocessthtibachistagetbfithetbystematicieviewhis#
presentedin#Figuretl.1.#AHotaltbfwentyDneHfullitexttarticlestiverettetrievedtnd#
reviewed,#bfithose#twelvefivereffateriexcludeditiuetotteasonstbutlinedinfAppendixil.2.#
Onlythinetarticlesfivereffound#totineetithe#electionttriteriathndfiverefincluded#or#

qualitativetbynthesis.#
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Records identified through database Additional studies
searching (n = 1,690) identified through other
c \Jf sources (n = 4)
§ | [ MEDLINE (n=638) | PubMed (n =519) | [EMBASE (n = 535)]
=
5 v v
- —}[ Records after duplicates removed (n = ??E)}(i
Records screened from

o databases (n=271)

E Additional records identified from
@ - reference lists (n = 4)

] el

5]

o

[ Records excluded (n = 254 ) }
>

> N

;—3 Full text articles accessed for Full text articles excluded
= eligibility {n = 21) with reasons (n = 12)

w

s

-

] Studies included in qualitative

—: synthesis (n = 9)

=

[

Figureti.1:#lowiDiagramibfiArticlebelectiontProcess#

Study#haracteristics#

A#summaryibfikey#tudyitharacteristicstand#esultsibfithetbelectedtarticlesfistpresented#
infTablefl.1.#Articlestiverefbll#ntEnglishiandiveretpublishedibetweenl 9952014, Hvith#
sampletsizesttangingfrom#l0241.Dnlyttwotbtudies™**assessedithetyaliditytbfithetusett
oftthe#investigated#ool#ottliagnosetmanxillaryfransverseliscrepancies.iFivetarticles#
assessedtthethccuracytbfibach#foolibribnalysisttotneasuretbribredictiarchividths,”
1617,19,21.234 hilettwothrticles™®*%tbnlytevaluateditheteliabilitytbftatbroposediransversett
analysistbriassessmentitechnique.iNo#tudies#eportediensitivitytbrispecificity, #PPV,#
NPV, #R+,#R9HROCHurvesibfthetmethodiiniliagnosistbfransversettleficiencies.#

RiskibftBiastivithintstudies#
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The#iskibftbiasthssessmentibfithetbrticlestivasttompleted#ivithiisetbftheQUADASH#ool#
(Table#l.2).#T hetbtudiestiveretheterogeneoustvithiinoderatettofowtnethodological#
quality,#hllfound#othavetbthigh#tiskibftbiastbotential .bixtarticlesfveretbftnoderate#
quality#ulfillingtb0%B4%tbfithetQ UADAS#riteriathnd#Barticlesiverebfowiuality#
fulfillingi29B2%#fthefQUADAS#riteria.#fcommon#iveaknessestincluded#finconsistent#
referencetstandardtattributed#totbhfackibfthttruetgoldtstandard#alltstudies),#inadequate#

. #5,20,22
sampletbizes,”™™ "

thotblinding#all#studies),#spectrumibfipatientsthot#epresentativetbf#
thetbopulation#hativoulditeceivetthethssessmentéintbractice,™ "% failurettoftalidate#
thetaccuracyibfithettliagnostictmethod#n#identifyingtnaxillary#ransversetteficiencies.”®

21,23
#

Table#l.2:#QUADAS#Methodologicalt#scorestbf#electedtarticles#

1 7 10 11 12 13 14 Total % of
Total
# X# #

CGCTHEEES X Y# | YH# O YH O YHE O YH O YH# O YH O YH# OX# | X X#t  8.5# 61%#
(2013)

DELCENCELS  x# V# X# M YH#E YH O Y# YH# YH  X# Xx# Y# X#  Xx#  7.5# 53%#
(1995)

Lee et al# Xt YH# X# Y# YH# Y#H Y# YH# X#  XH  X# VH# XH#H X# T# 50%#
(2014)

Miner et al# Y# Y# X# X# X# X# Xt Y# X# X# Xt Y# P X# A58 32%#
(2012)

VGGl v# X# Y# | 28 | Y# O YH O X#H YH YH#  X#  X#  Y# X# X#  T.5# 53%#
(1995)

CLOECEE]  x# V# X# X# X X# Y# O YHOX# YH# OX#E X# x# X# 44 29%#
(2004)

Rastegar-Lari Xt YH# X#  X#  X#  X# X# Y# X# Y# X# VH# XH#H X# At 29%#
et al#

(2012)

Tai et alif V# Y# X#t Y#H Y# Y# Y# Y#H V# X# Xt Y#H X# XH# o# 64%#
(2014)

Thu et al# Y#  X# YH YH YH YH# X# YH# YH#  X# X# XH XH X#H 7#  50%#
(2005)

1914, #MethodologicttriteriainfTabled . #
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v #es, #ulfilledtQUADASHethodologicitriteria# 1#point)#
XiNo,#idthot#HulfillHiQUADAS#nethodlologictriteria#Opoint)#
#nclear,#HidthotH#providesufficientinformation#ofvaluate#0.5%oint)#

#

Resultstbftindividualistudiestt

Table#l.l#providestbsummaryibfithefincluded#ndividualfarticles.#
The#tudies#hativaluated#tonettlentalitastsvithitalipersitothpply#ariousfindicestto#
predicttarchiividthilemonstrated#hatiPont’s#ndex, #chwarz’sthnalysis,#McNamara#ule#
offthumb,#orkhaustindex,#ratzinger#ndextand#Howe#iverefinaccuratefbtipredicting#
arch#vidthstand#inreliableffortisefinfliagnosisfivhenttompared#otthethctualthrchévidth#
measurements.*®*%?1 2 hettrowdingtindex™ thndtultivariate#linearttegression®,#
which#£ombined#ientalitastimeasurementstind#posteroanteriorttephalogram#

landmarks, fiveretshown#otbetoretaccuratettoolsttottisetfortbredictingtharchividthi
dimensionsttompared#vithithetbthert#tlentaliastfindices.#
Thetstudies™**#hatttompared#ransverse#fandmark#identificationtand#analysistbfELBCT#
images#otPAC, includingtbne™ #thatitomparediboth#imagingttechniquestottirytskullt
measurements,’concluded#BCT#magestmorethccuratelytand#eliablythssessed#
intermaxillary#ransversettliscrepancies.#

Twotstudies™®°

proposedthewiBD#ransversethnalyses#vith#CBCT#mages#isingitkeletal#
andttlental#fineartandthngulartimeasurements.#Theseflemonstratedi#thefmethodstivere#
reliabletand#eproducible, butilidthottomparefthemitotbthertexistingfliagnostictoolsito#

assess#heirficcuracy#infidentifyingttransversettliscrepancies.#

SynthesistbfiResults#

17



AtmetaSnalysistivasthotiossibletluettotthetheterogeneityibfithetliagnostictools#

assessedfindithetyariabilityseenfinistudyttiesigns.#

Discussion

SummarytbfiEvidence#

Accuratefliagnosistbfthmaxillary#ransversetleficiencies#s#riticalforffongiterm#
periodontal#tabilityfhsthn#indiagnosed#tliscrepancytnay#esultinthdversetperiodontal#
effectsthndigingivalttecession™ . #in#histbystematictteviewithetliteraturetivasthnalyzedtott
evaluatefthethccuracyfind#reliabilitytbfihethvailablefliagnosticttoolstised#ohssess#
maxillary#ransverse#leficienciestininixedfandfpermanentiientitions. #Duresults#
demonstrated#herefisthffackibfitrongtevidencetindthighfjuality#liagnosticitudies#
availabletthattevaluatefthethctual#ensitivityfand#pecificitytbfuch#liagnosticinethods.#
Thistmay#partiallytbetbttributedto#thetbbsencetbfscientificHiteraturetprovidingevidence#
that#upportstthe#identificationtbffbitruesgoldtandardiliiagnostictoolHfortevaluating#
skeletal#transversetleficiencies.fThethinet#elected#tudiestinithistteviewfiveretbfiowito#
moderatetevidenceftevels,tbuttiveretbfithetbesttevelthvailablettothddressithettesearch#
question;flthoughthonebfithem#teportedi#heirfactual#ensitivitytand#pecificity . #

# Clinical#evaluationibfitkeletal#ransversettliscrepanciestivasthotibddressed#ntany#
oftthe#included#tudiesthlthough#tfistbnetbfithetnostiividelyfised#evaluationtmethodstbf#
transversettleficiencies™ #s#nentioned#in#thefintroduction, #hairtsidetassessment#
evaluates#thetpresencetbfitrossbites,#legreetbfitrowding, frchividthstmeasuredtatithe#
muccogingivalfunctiontand#lentalitrowns,tperceivedibuccolingual#inclinationtbf#

posteriorifeethtand#hetshapetandtheightibfithetbalataltvault.® 2 rhetifficultytbfitlinicalt
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assessmentiisithat#itfistbasedibnilentalitrowns#vithoutionsidering#thetbuccolingual#
inclinationttootstvhichimayitamouflagethttruetskeletal#ransversetteficiency™ . herett
mayibefminimal#oftitissuestthangestssociatedfvithth#maxillary#ransversettleficiency#
including#paranasalthollowing,ththarrow#hasalibase,#leepenedthasolabial#foldstand#
zygomaticthypoplasia, fsth#esultiinteroposteriorfaind#vertical#naxillarythypoplasiastare#
muchikasier#ottlinicallyttliagnosettiuettotbbservabletsoftitissuetthanges® #VhenPiand#
vertical#maxillary#lysplasiastexist, #heyttanitlinicallyfmaskibftransversefleficiency#
making#tlinicaltevaluationthlone#inadequate#inttheliagnosistbfransversetkeletal#
discrepancies™’?® #
Historically,#fbrthodonticsthasthttemptediofleveloptarchividthipredictionstand#
averagetmeasurements#isingfientalttastst#tothssessthettransversettlimensionbutifewibf#
thesetproposedtassociationstarettlinicallyfusefulfandtaccuratefforindividualized#farch#
width#predictionsmg.#Pont’s#ndexm#/vas#proposed#n#i909#to#predict#naxilIary#arch#
widths#from#thesumibfithetmesiodistalfvidthsibfitheffourtmaxillaryfincisors.fFour#
articles#inithis#eview#lemonstrated#ont’stindex#poorlytestimatestnaxillaryfrchévidths, #
explaining#tessithaniB2%bfthrch#vidth#ariationstand#onsistentlybvertbritinder#
estimatingtactual#vidths#ivith#fowittorrelationstbetweentbbservedtindipredicted#
maxillarytmeasurements™®'%?"?3 #schwarziRi#ratzinger’stanalysis® #modified#Pont’s#
indexibytpresenting#idealtmaxillaryfinterpremolartand#intermolarfividths#orrectedfor#
facialttype,buttivastthown#oigenerallytbverestimatetinterpremolarfvidthiby#wo#
included#studies™®*! {Rastegartbtial.* thlsoffoundiKorkhaustindexttottindertestimatetarchi

widths#inttheirtstudytbopulation.#McNamarat&iHowetproposedibtsimpletfuletbfthumb®

19



32#fortarchitvidthipredictionsibyitieterminingthntbveragetaxillaryintermolar#ividthibfi
37.4mm#fortalestind#86.2mmiforfemales.fwothrticles™* #included#intthetteviewd#
found#McNamara’s#imple#uletbfthumb#otbverestimatetintermolarilistancesthnd#
inaccurately#predictimaxillaryfrchévidths.#
Insummary,#hesefindicesiverefleveloped#othelpiieterminethow#nuch#
expansionfistheeded#o#esolvettrowding,tbutieventivithitheflimitedtbvidencetavailablefin#
this#review, ftfis#stronglytbuggestedithattsuch#methodsthrefinaccurate,tbiasedtandthot#
clinically#alid#for#iagnosistand#reatmentiblanningfinithettransversettlimension®*°.#
Dental#tastimeasurements#hatthrettompared#ivithfbveragestbritisedfivith#inathematical#
indices#lead#toferrorst#simplyf#iue#fofindividual#/ariationthndipossibletselectionibiastbfithe#
patientipopulationfised#osinitiallyttlevelopuch#ools.#tisthlsotpertinentifothotethone#
oftthesefmethods#onsidered#he#keletalitomponentibftmaxillarytonstrictions, #
guestioning#he#isefulnessibfsuch#indicesthnd#uggestingftudytnodelstarethotithetbasis#
fortskeletalttliagnosistinttheffransversetlimension™ #ntbbjectivetrowding#index#vast
developedibyiNimkarniind#vasfound#oibethinoret/alidthind#eproduciblef#fool, tbutihis#
method#vasthotievaluatedfinthetincludedtarticles.i#
Multivariate#linear#fegressionsthavetbeentproposediby#Alvaranibtial. * 184

Rastegarietial.”

#hat#included#ephalometrictpbarameters,#acialtheight, #ind#vidth#
measurements#ofnhance#the#eliabilitytbfindex#predictions,fprovidingtbetter#

estimates.tHowever,#Alvara nietihl. P Hidthotimeetithesinclusionttriteriatfortthis#teview#

becausefrimaryilentitionsiveretblsofincludedin#theirtsampletand#heirttemovalfrom#
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thetbrovideditlatafivasthotipossible.tRastegartetial. " thadtboortuality#liagnostict
evidencefiviththeither#tudy#alidating#br#teportingthetaccuracyibfithetinethod.#
Accurateffliagnosisthnd#freatmentibbjectives#houldibetbasedibnibothitlinical#
and#adiographictevaluationtbfiransversetieficiencies,#speciallyivhenturgical#
expansiontnaytbettequired®.#intthe#1990s, 1PACsHverettonsideredithetnostiteadily#
availablethnd#eliable#fadiograph#fortevaluatingifransversetskeletal#lysplasias™*.#Jsing#
Ricketts#Rocky#\/Iountain#l‘nalysism#\orms#and#a ndmarks,#Betts#at#aI.’B#:ieveloped#a#PA#
cephalometricthnalysis#hatitalculates#thetMaxillomandibularfividth#lifferential fhis#
differential#ndicatestthatfaftransversettliscrepancyigreatertthantRickettsthormibf
19.6mm#equiresttkeletaliexpansiontindfbiburgicalthpproachimaytheed#totbettonsidered#
intadults™* .#However, tliniciansttlothotttoutinelyttisetPAttephalogramstbecausettheyi
have#limitations#elated#fo#fandmark#dentification#rrors,#uperimposition, #
magnification#listortiontandthead#otationtaffectingthorizontal#elationships®
11’34’35,resuIting#n#possible#niscalculation#)f#the#naxilIoma ndibular#vidthtand#in#
inaccuratettliagnosis™®.#Asth#tesult, £BCT#magestaretbeingthowadaystinvestigated#fori
possiblettliagnosticiuperioritytbveri2 Dmagingtbecause#theythavetthown#othavethigh#
accuracy#or#juantitativethnd#jualitativethnalysesthstthey#rethbletfotbettertepresent#
thet8Dthaturetbfithettraniofacialtbkeleton™.#
Threetbf#thefincluded#rticlesfintthis#teviewt#ompared#ransversefandmark#
identificationtand#analysistbffLBCT#mages#ottonventional#PAttephalograms™’**#vith#
onetarticletisingtlirectiirytbonetskullneasurementsthsthfeferencetstandardto#

compare#both#maging#nodalities#oms.#Cheu ng#at#aI.#"S#bssessed#he#/aIidity#)f#he#
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transversefintermaxillarytanalysis, #atiotbf19/AgAg, bnitirytskullstoftidentifythotential#
errorstvith#isingtPACitompared#ofBCT. #tHvastlemonstrated#hatiCBCTHandmark#
identification#ivastbetterttorrelated#vithibone#kullsthndtmoretteliabletthantPACHn#
assessingfthetfintermaxillary#transversefliscrepancy#ivith#BCTHncorrectly#liagnosing#
fewertskulls#8%)#hantPACH18%).#Anothertarticletlemonstrateditherefivastho#
significant#orrelationfbfiMaxillomandibularfvidthibetweentCBCTH#magesndiPA#
cephalogramsiexceptiinitheffirstinolartareathuggestingtthethssessmentibfiransverse#
discrepanciesttsingtP Aftephalogramstinay#esultfintisunderstandingiiue#o#itsi2 D#
spatial#fimitations™’ .#aitetthl. " *#hlsotlemonstratediatsignificantitlifferencetbetweentt
specifichkandmarkstbn#BCT#magesttompared#oP AC, #vith#BCTibettertidentifying#
patients#vithfinfintermaxillary#vidth#liscrepancy.finterestingly#histarticletlidthot#
providethigold#standard#otbettomparedito.fhereforethefBCTH#uperiorityfivasthHfalse#
premisetinithattarticle’ #tihestitheyiverethblettotlemonstratefthatthoth#nethodstto#
providedlifferent#tesults.#Vhichibnetivasthctuallytinoretprecisettannotibetlemonstrated#
withouttatgoldistandard.#heungitetihl. > tisedtattirytskulltastgoldistandard, herefore, #
they#iverethbleffotfeasonablyttlaimiuperiority.fTheiriproblem#tiedfinithefjuestionable#
clinically#epresentationibftfealffifettonditionstivhen#oftiissuestiverethotilepicted. #
Thesefarticlesthad#noderatetinethodologicaltjuality#coresithatlthough#uggest#
there#ivasftessipotential#iskibfibiasttompared#otbtherfincluded#tudies,#hetevidencesis#
not#tronginough#fotimaketteliableftonclusionstand#further#alidationfis#tequired#o#t

determine#the#tliagnostictbuperioritybf#BCT#maging.#
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ThettlinicaltusetbfiEBCTthastgrown#fromiB0%#ecentlyiintbrthodontics™ fivhichi#
isthottburprisingthsthumerous#tudiestsupportithethccuracytbff£LBCTHcans, howingthat#
3D#neasurementsttloselythpproximatetanatomicteasurements™®>2 #£BCT#
demonstratesfuperior#esultstbverttonventionali2 DEmaging,fbuthits#olefinttliagnosing#
intermaxillary#transverse#tliscrepanciestistinconclusive™” #dditional#standardizationtbf#
structure#fdentification,#measurementtbrocessthndfimagetbrientationfistheeded#o#
enhance#the#quaIity#bf#EBCT#datam.#ﬂ'he#brticIe#by#Miner#at#bI.M#ncluded#n#his#eview#
aimed#ottlevelop#itransverseiBCTHnalysis#vith#valid#keletaltand#lental#fandmarkst#o#
analyze#the#ividthibfitheffawstnd#inclinationbffirstinmolars.fhe#eliabilitytbfthisthewly#
proposedinmethod#ivas#tonfirmed,tbutithetbampletsizetheeded#otbelfargerttotinvestigate#
thettlinical#aliditytbfithe#tesultsthnd#ofexaminetensitivityth nd#pecificitymg.#Podesser#
ettal.*#uggestediinothertmethod#otfuantifyithettransversetlimension#vith#£ Ticanstt
bythssessingthasalthnd#maxillarytbones,#ientalthrchesthndtinolartind#anine#inclinations, #
demonstratingth#easonably#eliable#8Dimethod#otevaluatetthe#fransversetnaxillary#
dimension,buttagainilidthot#eportibnfitsiliagnosticthccuracy.iBothiBDitransverse#
analysistinethods#ivereffound#fotbetreliabletand#eproducible,tbutiliagnostictalidity,#
sensitivityfand#pecificityfre#till#equired#otsupportilinical#superiority#otturrent#
diagnosticttechniques.fhisisthilearimportantfimitationfintburfturrentttinderstanding#
oftthisthrea.#itfisthlsoitritical#othotetbothiBDanalysestisedBD#cans, butitonfinedithe#
analysisttofpecifici2Ditlices#forfevaluation,#tinderutilizing#he#ulliBDipotentialibfithe#
datafind#introducingterroriiuettotpotentialiinconsistenciestini8Dmageth

orientation.#
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Limitations#

Atithefbystematictteview#nethodological#eveltho#eportableffimitationstexistihs#
thettommonly#iccepted#RISMA#uidelinestivereffollowed#ottonductithistteviewtind#
twotreviewers#independently#elected#rticlesthnd#ollected#latatto#teducetselection#
bias.fhe#actihatthtineta@nalysistivasthotipossiblefisthotthtsR#imitationtbutib#reflection#
offthe#fimitedfvailablefidentified#evidence.#

Atithefstudy#evel, #hefmostthotableffimitation#o#this#eview#vasithe#tackibf#
quality#liagnostic#tudiesthvailableffortbrthodontici#raniofacialthssessment.#Dfthe#
articles#etrieved,fthey#ll#lemonstrated#limited#otpoorievidencefivithtbthigh#iskibfibias#
forithe#eportingtbfiliagnostictools.#iNonetbfithe#includedtarticlesthddressedithe#
sensitivitytbr#pecificityibfithetliagnosticinethods#othssess#linicaltbpplicability,and#
seveniarticles#failed#fof/alidate#thetbccuracyibfithetliagnostictnethod#infidentifying#
transverseitliscrepancies™ *>?* #Blindingtlidthotibccuriintanyibfithetincludedistudiestand#
Siarticlestevaluatedtspectrumibfipatientstviththormalfidealitlass##nalocclusions, thot#
representative#bf#he#popuIation#hat#/vouId#eceive#he#glssessment#n#practicem‘r’g”’zo’n.#
Onebfthetmostthotablefiveaknessest#that#mpactedtinethodological#fQUADAS#cores#for#
thetajorityibfiincluded#tudiesfisthetisetbfthnfinconsistent#feference#standard. fhisHs#
likelyt#luettoth#fackibf#cientifictevidencefindicatingfbitruetgolditandardithatitorrectly#
identifiestmaxillary#ransversefleficiencies.#

Thetestablishment#bfibgolditandard#tequirestidentifyingfthetimostthccurate#
availabletinethod#thatthypotheticallytalwaystpositivelyfidentifiestthetpresencetbftb#

diseasetbriintthisttase, thtnalocclusion.***Thetifficultyintevaluatingtthetsensitivitythnd#
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specificitytbftb#liagnostictnethod#o#tdentifyfmaxillaryfleficienciesfis#thet#tontinuous#
naturetbfilentalthnd#keletalfmeasurementsivithouttbitlearlyftlefinedibribgreedtipon#
threshoId#to#dentify#patients#bs#being#mrmaI#)r#bbnormal.4°#ﬁNith1éxtensive#/ariation#
infthethormal#opulation, fitfisttlifficultioitlearlytlifferentiatetmostipatientstivithibhigh#
degreetbftertaintyfintothormal#zersusthbnormalfgroups#oriliagnostickomparison#to#
develop#atgold#tandardimethod.#ntbrthodontics,#efiningttlentalthnd#keletal#
proportionsithattproducesbfunctionallyftablethnd#esthetic#esultitantbefyuite#t
subjectivetind#ieadttothfackibfttonsensusthmongitlinicians.tshownibyistreitiet)al. ' #
when#provided#vithéintraoraliandiextraoraltphotographs,#tudyfnodels,#rontal#
radiographstand#BCT#mages#orievaluation, fherefivastbnlyhib5.6%bgreementibmong#
experiencedtbrthodontickliniciansintplacing#patientsinto#'transversefleficient”tbr# not#
transversettleficient”#ategories.#Vithiexpertitlinicians#tinableftoftome#othitonsensustn#
identifyingthn#ideal{population,#histjuestionstthethpplicabilityibfleterminingthormative#
data#or#adiographictmeasurement.ffhefubjectivethaturefbfibrthodontictliagnosistin#
evaluating#malocclusions#that#xistibnibitontinuumiisthn#inherent#timitationtfo#
developingtigold#tandardliagnosticinethod.f his#isthotiproblemitiniquetotthe#
transversettlimensionibutipertains#tothnteroposteriortind#erticaltbrthodonticiliagnosis#

astivell . #

Conclusions
e CurrenttbvidencetloesthotthllowHor#efinitivettonclusionsttotbetirawntfrom#

thistevidencefynthesistiueftotb#fackibfiliagnosticistudiestivithfow#iskibf#
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bias#thatfvaluatefmaxillaryfransverseffleficiencies.#Neverthelesstsome#
clinicaltpertinentitonclusions#ollow.#
Clinical#evaluation#hlonetseemstlikelyfinadequateHfor#liagnosing#ransverse#
skeletal#liscrepancies.#Anibbjectivethssessmentivouldibetinorettisefultotthe#
clinician.#
Arch#vidth#predictionindicesthndtveragetmeasurementsibnitientalitaststhre#
notttlinically#alid#or#thefgeneralipopulationthndi#lothotionsider#heftkeletal#
componenttbftransversettieficiencies.#

CBCT#magesthppeartotbetinore#teliable #andibffertanttinobstructed#iewsin#
assessing#ransversalfintermaxillary#liscrepanciesttompared#otPAC’s;#
although#urther#validationfisitequired#ottonfirm#BCT#liagnostic#

superiority.ffhe#BCT#ccuracythasthotibeentvaluatedinough.#
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Appendices

Appendix#l.1#
#

Searchitrategy#ortMEDLINE#iatOVID#1946#0tPresent)Ht

Steps# Combination words#

1# (maxill*#R4palat*).mp#
2# (transversetOR#rch#vidth*).mp#
3# (deficien*#OR#limension*#iscrepanc*#R#onstrict*#OR#rossbite*).mp#
44 occlusogram*.mp#
S# pont’sindex*.mp#
6# (dentaltmodel*#OR#ental#ast*).mp#
7# (CBCT*#OR#omputedtomography).mp#
8 ((posteroanteriortDR#bosteriorfinteriortOR#frontal AND#Hcephalo*#OR#
radiog*)).mp#
o# (diagnos*#OR#uantif*#OR#valuat*#OR#nalys*).mp#
10# l#ind2#HndiB#
11# Aibribibribtbriy tbriBibrib#
124 10fnd#l 1#
#
#
Appendixl.2#nvith#eferences#
#
ArticlestExcludedfintPhasei2 #
# Reason#
*  Primary#tlentitions#included#n#tudy#ample#
Bayomef#etil. * Did#hotievaluate#he#ransverse#flimension#ofidentify#leficiencies#

*  Only#valuated#transversefmeasurementstbetween#exestind#o#identify#
correlationstbetween#erticalthnd#ransversefmeasurements#

Belluzotetihl. * Didthotihddressthccuracy,taliditytbriteliabilitytbfiPA#fadiographictnalysis#n#
evaluating#ransverseiieficiencies#

detDliveiratetibl. *  Proposed#itmethod#otbssesstindpredictithetfransversetlimensionbutitlidthot#
reportccuracy,#aliditytbriteliabilitytbfithetinethod#

El%Zanatyietil. * Didéhotihpplyihinethodibrifool#otbssessithettransversetlimension,bnlyitompared#
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measurementsibetween#plasteriind#BDitasts#

Goldenburgtt#l. ¢ e Only#valuated#thetteliabilitytbffCT#nthssessingthostBARPE#hanges, #Hidthot#
evaluatetthetuisetb T sth#liagnostictool#

Ghislanzoni#et#l. * Did#otievaluatetthettisetbfiip#iorquetinfidentifyingfransverseteficiencies#
* Did#hottassessthccuracy,#aliditytbriteliabilitytbfithetbresentedtnethodHoriise#in#
diagnosistbfiransversefieficiencies#

Lemieux#etihl. e Did#hottbvaluateithet8Disuperimpositioninethod#totbettised#nfidentifying#
maxillary#ransverse#ieficiencies#
*  Only#valuated#hanges#thatibccurredfivithiexpansion#reatment#

Ovsenikiettal. *  Articlettvaluated#iegreetbftinalocclusionfinthigeneral#ense#
* Did#ot#evaluatetthethccuracy,#eliabilityibrivaliditytbftassessing#he#naxillary#
transverse#flimension#ivithithetmethod#presented#

Sygouros#etil. *  Onlythssessed#transverse#hangestfterisARME#
* Notkvaluationibfthccuracy,#eliabilitytbrivzaliditytbfthetmethod#fortiseting
diagnosingithe#fransversetlimension#

Talaat#t#l. » Did#hot#specificallytassesstinaxillaryfrch#limensions#oriiagnostictpurposes#

Varghese#etihl. * Did#ottpecificallythssess#maxillarythrch#tlimensions#orttliagnostictpurposes#
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#.#AlvaraniN,fRoldanisl, Buschang# H.#Maxillarytand#nandibulariarch#vidthstbf#
colombians.tAmerican)lournal)of)Orthodontics)&)Dentofacial)Orthopedics.#
2009;135(5):649%56.4#

E=

2.#BayomeiM, #Park#H, Kook# A.Newithreedimensionalitephalometricthnalysesthmong#
adultstivithibibkeletalitlassttpatternthndthormalibcclusion.#fhe)Korean)journal)of)
orthodontics.#2013;43(2):62973.#t

E=

3.1BelluzzofRH, #altintK#r, rtolanii, £helottitA . orrelationtbetweenttransversethnd#
vertical#ineasurements#intbrazilianfgrowingtpatients,valuatediby#rickettsSaltinfrontal#
analysis.tbental)Press)lournal)of)Orthodontics.#2013;18(1):50%54.#

E=

4 #eiDliveiratMAdr #PereiratVD, Hinoi T, ££ampaner#AB,#5canavinitMA #erreiraiL M. #
Predictiontbfttransversetaxillarytlimensiontusingtbrthodontictmodels.#)Craniofac)Surg .#
2008;19(6):146591471.#

E=

32



5.4El%Zanatyi#HM I Beialy#AR, #AbouiE|Ezz#AM, #AttiaiKH,EIBialy#AR, #Mostafatf A.fThree9
dimensionali#lentalttneasurements:#Anslternativettotblastertmodels.tAmerican)ournal)
of)Orthodontics)&)Dentofacial)Orthopedics.#2010;137(2):259265.#

#

6.#50ldenbergiC,#AlonsoiN,#oldenberg##C fetial. #Jsingitomputedtomographyto#
evaluatetaxillary#thangesthftertsurgicallyfhssisted#apidtpalatalexpansion.)Craniofac)
Surg.#2007;18(2):302B11.#

#

7 #Huanca#shislanzoni#t T, #inebergerM #evidanes#t H, e t#hl . #Evaluationibfitipthnd#orque#
on#irtualt#studyfmodels:##alidationtstudy.#Progress)in)orthodontics.#2013;14:19.#t

#

8.{Lemieuxis,#areyHP,FloresIMiriL, #etihl. fhreedimensional#tephalometric#
superimpositiontbftthethasomaxillarytomplex.#American)lournal)of)Orthodontics)&)
Dentofacial)Orthopedics.#2014;146(6):7589764

#

9.#DvsenikiM.#Assessmentibfimalocclusion#inithetpermanentiientition:Reliability#bf#
intraoraltmeasurements.t£ur)/)Orthod.#2007;29(6):654%59.1#

#
10.i#5ygourostA,iMotroiM, #gurlufF #cariA.#burgicallytassisted#apidiaxillary#expansion:#
ConeSeamitomputed#tomography#evaluationtbfilifferent#urgicaltechniquestand#heir#
effectstbnithetmaxillary#lentoskeletalttomplex.#American)lournal)of)Orthodontics)&)
Dentofacial)Orthopedics.#2014;146(6):7489757 .#

#

11.falaat#h,FKaboudaniA, BreuningtH, #til.Reliabilitytbflinearfandfngularilental#
measurementstvith#thetOrthoMechanicstequentialthnalyzer.#American)ournal)of)
Orthodontics)&)Dentofacial)Orthopedics.#2015;147(2):264269.#t

#

12.#/arghesets, #Kailasam#/, #Padmanabhanis, #/ikramaniB,#hithranjan#A.#valuationtbf#
thethccuracybflineartmeasurementstbnispiraltomputedtomographyXderived#three9
dimensional#magesthnd#itsitomparisonfivithiligital#tephalometric#tadiography.tbento-
Maxillo-Facial)Radiology.#2010;39(4):216R23.#

HOHF F H B H R T K

33



Chapter 2: Reliability of dental and skeletal landmarks and
buccolingual angular measurements in a three-dimensional
transverse analysis

Introduction
Orthodontists#tecognize#that#maxillary#ransversettleficienciestarethiignificant#
componentibfinany#nalocclusionstand#fisuch#tliscrepanciestgoftindiagnosed#titan#
resultintberiodontaltbroblems,#instabletflentalttamouflagethnd#teducediesthetics’ #t#
becomestihereforefessentialiotbetbblettofccuratelyfliagnosisintallihreetplanesibf#
spacettheflentaltand#tkeletalftomponentsibftnaxillary#ieficienciesttof#mprove#
treatmentibutcomestand#fongtermibtability”.#
H Diagnosingtmaxillary#fransversefleficienciest#tequiresthitlinicalfexamination;#
however itlinicalitvaluationtalonethastbeentfound#otbetinadequate®* iClinical#

assessmentiistbasedibnilentalitrown’s#patialfpositionstwithout#onsideringtthe#

buccolingualfinclinationstbf#ootsfvhich#may#amouflagefitlinicallyftinnoticed#rue#

skeletalttransversettleficiency®.# hereforetaccuratettliagnosistand#treatmenttblanning#
should#elytbnibothitlinicaltand#adiographicthssessment® #However, thettisetbfi

conventional#wo3imensional#2D)#posteroanterioritephalograms#or#transverse#

assessmentsthave#allentbutibffavorttluettoftimitationsttelated#tofandmark#
identification#arrors,#tuperimposition,#nagnificationiﬂistortion#and#1ead#otation7‘%.##
# Threedimensional#3D)#magingthasithetpotentialfofenhancettliagnosistand#

treatmentiplanningibecausefitfisthntaccuratetfepresentationbfithetBDinatomical#
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naturetbfitheitraniofacialtskeletal '°.#However,#luetfoth#fackibfibxistingthppropriate8 D#
analyses#forfliagnosisthnd#increased#iskibftadditional#fonizing#adiation,#outinettisefis#

not#ecommended.#instead,#threedimensional#fimagingthouldibe#electedforfisetbniank

individualtbasisivhen#tHvilliprovideimproved#iagnosticthindireatmentiplanning#
information"'#2.1Onlyt fewtstudiestfottlatethavetfocusedibnitisetbfitonebeamt
computed#fomography#CBCT)#n#iagnosisthnd#treatmentiplanningtbftransverse#
deficiencies.#heungtet)al.*! Jandfaitetlel. “thothiseparatelythssessedithethccuracythind#
reliabilitytbfidentifying#intermaxillaryfividth#liscrepanciesfromitoronal#licestbf#-BCT#
images.itMinertetlel. **thndtPodesserttlal. " tbroposediBDitransversethnalysestthati
guantifiedtbuccolingual#nclinationstbfmaxillarythnd#nandibular#molars#from#
standardized#frontal#licestbffCBCTH#nd#Ticans. Mhesetauthors#ecognizedihe#
limitationstbfthethnalysestproposedéinithatitheyfinderutilized#hefzolumetrici8Ditlata#
byi#onfining#thethnalysist#toffineartindfingulartineasurementsibni2 D#ectionstthatthadito#

bettonsistentlytbriented#fortteliabletmeasurements***

MMost#ecently,#thetase#
WesterniReservetniversity# CWRU)#ransversethnalysistivasttieveloped#othssess#
buccolingualfinclinationstbffmaxillaryfandfmandibular#irstinolarstandttaninestfrom#
CBCTi#cans#othelp#liagnosettheflentalandiskeletalftomponentsibfiransverse#
discrepancies'®®® it
ThereforettherefisththeedHforithelevelopmentibfthppropriateiBD#inalysesithat#
fully#utilizetthe#frolumetricilatatbrovided#rom#BCTHmagingts#histhas#thetpotentialtto#

improvetbrthodonticiliagnosis.fihefurrentlyfpublished#ransversetanalyses,including#

the#CWRU#ransversetanalysis,#verefleveloped#ori8D#maging, butibnlytutilized2D#
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linearthndtangularimeasurementsfromitross#ectional#lices.#studiesthavethown#hat#
3D#andmark#identificationfrom#BCT#olumetrict#latathreitloser#othnatomical#
measurementi#thanitonventionali2 Dineasurements,fandibfferttonsistenttind#eliable#
datafintthe#{ #&# tplanestivhentinultiplanar{ MPR)#iewstnd#D#enderingstare#
used™®?® #t#istthereforethecessarytotbeginitlevelopingtanditonfirmingtthetteliabilitybfi
analysestthat#fully#utilizefthetaccurates DthaturetbfHLBCT#magestotbenefitfromithe#
improved#hccuracytbfihistiagnosticinodality.#

H ThetpurposetbfithiststudyHivastotevaluatetthetteliabilitytbffandmark#
identificationfand#buccolingualthngulationfmeasurementsiisingtwoilifferentimethods#
offanalyzingi8D#magesHothssessttheftransverseflimension.flheffirstimethod#ssessed#
for#eliabilityibflentalthndikeletalfandmarkiplacementitilizing8D#olumetricttlata,#
usingfboth#BD#econstructionstand#MPR#iews.fhefsecondimethod#ssessed#eliability#

oftangulartmeasurementsibni2 Ditoronaltviewstusing#hef WRU#ransversethnalysis.#

Methods

H The#tudytpopulationonsistedibfthdolescentstvithipbermanentiientitionib B#
who#eceivedtprexreatment#BCTicanstbstpartibfibr.#arlost#FloresIMir’ sttandomized#
clinical#trialttithe#t)niversityibfihlberta. eniCBCTHcansHiCAT, #magingibcience#
International,#Hatfield, A, #JSA)#verettandomlytselectedfromithistpoolibfipatients,thgest
12915, Hor#this#eliabilitytstudy.#Ethicsthpproval#ivastbbtained#through#the#tniversityibf#
AlbertaiResearchiEthicstBoard.#A#tandardized#protocolibfithe#CATHvas#ised#largeHield#
oftiew#l 6cmikif 3.3, #oxelize#).30mm,#120kVp,#18.54mAS,#8.9%econds).tRawHmagest#

weretexportedthstDICOM#Hilesthnd#ubsequentlyftoaded#ntotAvizo#ersionB. 1#oftware#
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(Visualization#sciences#zroup,Burlington,#MA, #JSA)and#olphin#maging#l 1.7#Premium#
(Dolphin#fimaging##Vanagementibolutions,#Chatsworth, #A #JSA)Hortnalysis. #T he#
primaryfinvestigatorfDS)#ssessed#intra®examiner#eliabilitytbyfmarking8 D#andmarks#in#
Avizotand#identifyingthe#tCWRU#ransversefinalysistangulartmeasurements#niDolphin#
forteach#CBCT#canfinftandomibrdertthreeffimestvith#l Sweekiseparationtbetween#
measurements.#nter@®xaminer#eliabilityforiboth#methodsHvasthssessedibythree#
examiners,intexperienced#brthodontistf ML), tntbrthodontictesident#KC)thnd#the#

principal#investigator#DS).t#Each#xaminertvasttrained#isuallytandverballythstivellths#

provided#vith#letailed#vritten#instructionst#tofidentify®20O#andmarks#n#AvizotndiB#

angularfmeasurements#niDolphintbniach#BCT#mage.fhe{BCT#magesHvereodified#

for#investigatorblinding.#

Avizo Volumetric Landmark Identification

# Twentytinatomicaltandmarks#iveretelected,#our#keletalthnd#ixteentlentaltas#
shown#inflablef2.1.#Theflental#fandmarks#electedfveretbsttiescribed#inithefC WRU#
analysistastthettuspitipstandapicestbfimandibulartand#axillarytnolarstanditanines'” 2 #

Lemieuxitt)al#’ Jpreviouslyfidentified#fourtskeletal#fandmarksvhich#iveretthosentastt

beingthccuratetbnd#teliable#tkeletalfandmarks#ottlefinethi8 Dthnatomical#eference#
Cartesianioordinatetsystem#rom#ivhich#bistabletand#eproduciblefmaxillarytplanefould#
betestablished” . #Nith#kstablishmentibfiatyirtual#teferencetblane,toordinatett
transformation#tanibetperformedivithiMATLAB#oftwareHforffuturetstudiesintivhich#ll#

other#flentalfandmarksttantbettomparedito#f> it
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H InfAvizo, i artesianftoordinatetsystem#vastisedforthnalysistivheretthef( 9/, # I #
and# Y#planesttepresentedbxial,f£oronalthnd#agittaliplanesttespectively.andmarks#
werefarked#usingt.25mmitliameter#irtualispherical#markerstbnithe#i( #fand# Saxes#
with#thettenteribftthetbphericalthmarker#tonsidered#theftandmark#position#Figuret2.1).#n#
atttandardized#hiutomaticHfashion,#thet#oftwaretgeneratedtandmark#oordinatestbfieach#

point.#

CWRU Transverse Analysis in Dolphin

# The#fmethod#ofmeasuretbuccolingual#inclinationstbftinaxillarythnd#mandibular#
caninestand#irstinolars#ivastpreviouslyflescribedtind#lemonstrated#totbe#teliabletby#
Karamitsou'’#and#shewinvanakitkul *thtiaseiVesterntReservetniversity.#niDolphini
Imaging,#neasurementstiveretbbtainedibyHirstibrienting#thefBCTHicom#iles#inithe#
sagittal, thxialtbnd#inally#toronal#iewsHo#onsistentlyidentifyithe#ftequired2D#oronal#
slicefortineasurements.f#or#maxillaryfmolars,fhethngletineasured#vastthatformedibyth#
linethtithe#inferioriborderibfithethasalitavityfvithib#linetbassingtthrough#thethpexibfithe#
maxillary#irstimolaripalatal#footonesialtpalatalituspiip.fMaxillaryfaninetinclinations#
werefmeasuredibyihethngleformedibetweenitheflineffangentiotthefinferioriborderibf#
thethasal#tavitythnd#he#lineflown#he#longtxistbfithe#footh.#ortmandibularfmolars, #
inclinationsfveretbbtainedbyfeasuringithetingletbetweentbflinefftangentioithe#
inferiortbordertbfithetinandiblethnd#flinetpassingthrough#the#entraligroovefind#foot#
apex.#Mandibularfanine#inclinationstarefmeasuredtatithethngletbetween#flinetftangent#
to#the#inferiortborderibfthetmandiblefandithe#finetthrough#theffongtxistbfithettooth#

(Tablef2.2##FigureiR.2)#
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Statistical Analysis
IntraSexaminerfandfinter®xaminer#eliabilityfiverethssessedfvithihefintraclass#
Correlation#oefficient#ICC)tuisingtstandard#tatisticaliboftwaretpackage#SPSSibtatistics#
versioni23#oriMac,#BM).#CCHvasithosentothssessithefonsistencyfind#eproducibility#
oftjuantitativetmeasurementsitakenttitlifferenttimepointsibytthetprincipal#
investigatorfandibetweenttlifferentfinvestigatorsibn#l O#tandomlyi#hosentprexreatment#
CBCT#mages.fThe#tepeatabilitytbfthllthreettoordinates# X, #,# )Hor#the2 Ofandmarks#in#
Avizo#ivasthnalyzed#stivelltasiBfngulartineasurements#intDolphintastiescribediby#the#
CWRU+{analysis. #For#tatisticaltnalysis, fingle#neasurefiviththbsolutethgreementitinder#
attwo9wvay#mixedimodelfivasithosen#inisPSS#otensureftll#faterstandiimetpointsthrefin#
absolutethgreementibnithefindividualtineasurements#athertthan#implytbeing#
correlated#ivithieachibtheribnibverage.fThetgeneraliguidelinesfor#CCtinterpretation#
werettsedttotbvaluatetthettesultingttalues™ #
H Meanterrorfivasthlsothssessed#fortbach#fandmark#indtingularneasurement.#
Landmark#interexaminer#ariationstgreatertthan#i.5Smm#verettonsideredlinically#
significantthnd#intraexaminer#zariations#greaterthanfimm#ivere#onsideredilinically#
significa nt#based#)n#_agravere#t’t)al.ms.#As#or#hngula rémeasurements,bitlinical#
significancefievel#for#eliability#estingtbftbilegreesivasttonsideredbasedibnibne#

standard#tleviationtbfithett WRUthormativettaluestleterminedibyiStreitiet)al.”® #

Results

Avizot¥/olumetricttandmarks#
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# The#intra®xaminer#eliability#b i # {&# itoordinatestbfialli20#landmarksvere#
excellentiisishown#infTablef2.3.#he#CCsHveretgreaterithanif.937,#.987#nd#.997Hor#
the#( # tand# toordinates#espectively#forfllfandmarks.#Meanterrorstivereffessithan#
0.516mm,#.601mmi#nd#.391mmHorihe#, # and# oordinates#espectively#orill#
landmarksfTable#2.4).#Aniexampletbfthscatteriplottandiprofiletplotévithiexcellent#
reliabilityfistbresented#intFigure2.3a#ki2.3b.##

# The#interSxaminer#eliabilitytbf#( # {&# toordinatesbfilli20#andmarkstivere#
good#otexcellentiasishown#infTablef2.5. #The#CCsHveretgreaterithanip.838,10.963nd#

0.980#or#he# #tand# toordinatesttespectivelyortblltandmarks.#Meanterrorsévere#

less#than#l.012mm,#.069#nd#0.841mmi#forithe# # and# toordinatestrespectivelyHor#
alltandmarks#Tablef2.6).##

CWRUH#TransversefAnalysis#

# The#intra®xaminer#eliabilitytbfithe8# WRU#ngulationsilemonstrated#xcellent#
agreement,tlligreaterthani.913#stthown#inffablef.7 . #Meanterrorstivereffesstthani2®
astthown#inflablei2.8.#

# The#interSexaminer#eliabilitytbfhefL WRU#ngulations#lemonstrated#angeibf#
ICCHraluestfromipoortotgoodgreementiashowninfTable®2.7 #fourfmeasurements, #
UR3,4#L6,#R3#nd# L3#howedipoortagreementivith#CCHaluesttessithant0.50.# hree#
measurementstlemonstratedfmoderatethgreement,#JL6,#)L3nd# R6, Hvith#CCHraluesH
fromi0.5649.710.#inally,fbnetmeasurementihowedigoodibgreementiivithin#CCivalue#

of#).760Hor#JR6.#Meanterrorsttanged#fromiB.153°#045.874°tastshown#infTablei2 . 8. #An#
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examplefbfibcatteriplottandiprofiletplotivithipoortteliabilityfistbresentedinFigurei2.4a#

&#.4b.#

Discussion

# Reliabilitytassessment#intbrthodontict#ligitalanalysestisivital#foftonfirm#
reproducibilitythnd#epeatabilitytbffandmarkiplacementtindfnmeasurementsthnd#nsure#
effective#linicaltusetbfthewitliagnosticinodalities. fhiststudythssessedithe#eliabilityfbf#
landmark#placementiindfingletineasurementibftwoiB D#nethods#hatitantbettitilizedin#
futuretstudies#tottliagnosettransversetieficiencies.#ifhe#fandmarks#elected#or#
measurement#inithe8 D#/olumetrictAvizo#oftwarefiveretbasedibnithosettised#tottievelop#
angularfmeasurementsibnihe2 Ditoronalilicestitilized#nithetCWRU#ransversefanalysis.#
The#lecisionfivastmade#tothssesstbnlyfandmarkiplacementiintAvizofinsteadtbftangular#
buccolingualtineasurementstaseentinithefCWRU#nalysisto#educethefinherent#
increased#errortassociated#vithfingulartineasurements.#Morefintra®bserverind#nter9
observer#variation#istexpected#otbefeentivithfbngularfmeasurementst#than#individual#
landmarks,fasteachiexaminerimustieliablyfidentify#hreefeparatetpointstbritwo#
separate#tines,ftachfivhichthavettheirtbwnitlegreetbfidentificationferror,#ottonstruct#
thetangle#equired#forthnalysis.#Durigoalfistottlevelopthimorethccurateffrersiontbfithe#
CWRU+#analysistthatHully#itilizes#8D#magest#athertthan2 Dioronal#licestprecedediby#
the#onfirmation#that#he8D#andmarks#hosen#to#tepresentitheffransversetinalysistin#
Avizo#oftwaretaretteliable.#

# Conventionalitephalometricandmarkstbn#2 D#magesthaveterrorsithat#esultin#

an#inaccurate#tepresentationibfitruettraniofacial#tructures,butiBDinalysesttouldibffer#
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advantages#n#identificationtindthnatomictisualization®’ . Therefistatheed#fori8Dibasedtt
measurementthnalyses#thatiseth8 DiCartesianttoordinate#ystemibecausetturrent#
validated#8Dthnalysestarettacking®® frhettesultstbfithiststudytuggestedithat8D#
volumetrictlandmark#placement#niAvizothadigoodHotexcellent#intraGexaminerfindiinter9
examiner#eliabilityfvith#neanterrorsithattiverethotitlinicallyfignificant. #r histisin#
agreement#vith#hipreviouststudy#hatibupportstthetisetbfthflzoxelDasedBD#
cephalometrictinatomiciCartesian#teferencetbystemisthoththccuratetbndtteliable?® Both#
3D#olumetteconstructionstand#inultiplanariviewstivere#itilized#infAvizo#o#fidentifyi#the#
dentaltind#tkeletalfandmarksibecausefitthastbeentpreviouslyishowni#hatithetisetbfBD#
surfacesthloneffortandmark#dentificationtare#fess#eliable#thanfmultiplanar#iews#or#
both#intra®examinertand#interSexaminerifeliability”® #hetfourtskeletalfandmarkstthosent
wereshowntotbethighly#eliablefintthiststudy, #vhich#tonfirmsithe#findingstbf emieuxtet)
al.*' Thistbupportsithettisetbfithesetbkeletaltandmarkstforithetformationtbfi 9y .7 9 #
planest#tothdequatelythnd#eliably#tandardizetteferencetplanetbrientationibfBD#
imagesso#glnd#appIy#his#eference#pIane#to#b#BD#transverse#bnalysis.#

# The#CCHaluesfromithisistudytuggestedithatithetbuccolingualfinclination#
measurements#inithefCWRU#ransversefinalysisthavefgoodfintra®examiner#eliability ut#
compared#offandmark#placement,thethingularfmeasurementstiverethotths#teliable#
between#ifferentiexaminers.t#However,#vhen#onsidering#the#fargestimean#rrorfforithe#
angularfinter@®xaminer#eliability#estingfvas.874° Hortmaxillary#eftffirstimolarsfUL6),#
thist#loesthot#uggestithatithe#teduced#reliabilitytbeenfivithithetangularfmeasurementstis#

necessarilyflinicallysignificant.#Previous#tudiesiarriedibutibyfase#iVesterniReserve#
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University#brthodonticHacultythnd#graduatetstudents#upportithatithetCWRU#ransverse#

analysististhiteliabletmethod™®®® frhereforefivettould#lsothypothesizetthatithe#feduced#

interSexaminer#eliability#eentmayfintpartibeluettofb#fackibfithorough#rainingtand#
clinician#alibration#ivithi#he#CWRU#nalysis.#Vithouttatstandard#alibrationtbetweenthll#
cliniciansinvolved#in#eliabilityfesting, #t#anibetexpecteditherefivillibetgreatersinter9
examiner#ariationfas#thettwotbtheritlinicians,excludingtthetprimaryfinvestigator,thre#
using#thetanalysis#forithe#irstifime.#Even#ivithimproved#rainingthnd#alibrationfittnay#
alsothefarguedithatitheffactthefL WRU#nethod#tselfthastinore#stepstinvolved#ompared#

totsimplettandmark#dentificationfvould#ead#ofincreased#ariationtbetweentxaminers.#

With#histinethod,#£BCT#magestinustibetmanuallytbriented#nibolphintbnimultiple#
planestprior#tofidentifyingthttoronali2 D#ection#intivhich#thethngularfneasurementstare#
taken#for#each#tooth #titantbetexpecteditheretistsubjectivetbbservertiariationfivithieach#
stepibfiplanetbrientationtbstivelltbsterrorinfidentifyingtthethasali#avitythndfmandibular#
border#teferencetplanes.fAstmentionedipreviously,#hethaturetbfitreatingthnthngular#
measurement#fromithreetseparatetpointstivillfhutomaticallyincreasetthethmountibf#
errortasttompared#totbnetpreciselyfidentified#tandmark.##

# Ourt#teliability#estingtbffAvizo#tandmark#dentificationfistthe#irst#teptinfpplying#
thetbasicibuccolingualthngulationfmeasurementionceptsibfithetCWRUnalysistto#
diagnose#transversefleficiencies,tbutibytisingth#B D#Cartesianitoordinate#ystemiin#
Avizo.#Mtommoni#factorieeninibtherexistingiBD#transversefbnalysisétudiestistthetise#
offtinearfandfingularimeasurementsibni2DisectionsfinsteadbfibtsingthiBDitoordinate#

systemitothssessthllithreetblanes® #urigoaltis#totestablish#hiBDitransversethnalysist
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reflectivetbfithefC WRU#ransversetanalysis#hatttilizes#the#HulliBDipotentialibfHEBCTH
imagesttsingthteliablei8D#irtual#teferencetplanetonstructedtmathematicallytbnib#
coordinate#ystem#vith#eliably#identifiable#fandmarks.#romithis,#oftwaretblgorithms#
wouldbettised#toftransformithefAvizolandmarkitlatattoestablishiBD#naxillary#
referencetplanethnd#roducetbuccolingual#inclinationstvith#fimproved#eliabilitytand#

potentially#mproved#accuracy.following#he#eliabilitytestingthfihisthewtapproach,#

subsequent#tudiestivillibethbleffoflirectlyttomparetthesetwomethods#otidentify#f#
discrepanciesi#existtbetween#hem#inthnalyzingtbuccolingualfinclinations.#

Limitations#

# Ithstpertinentiothotetbomeibfithesetineanterrorivaluestshouldibefinterpreted#
with#aution#foriboththnalyses,buttparticularlythetCWRU#nter®examiner#meanterrors,#
astthey#how#elativelyf#largetstandard#ieviations.f histlemonstrates#farge#ariationtthat#
mayibettonsideredilinically#ignificantévhentthetineanterroriplusthetstandarditieviation#
isttaken#intothccount.f#lhistmaytbettluettofthettmallsampletizeftisedtindusetbftbfarger#
sample#sizeftouldthavetpotentiallyffeduced#someibfithistzariability . #

# Both#oftware’stind#ineasurement#echniquesi#equirefdisignificantftearning#
curvefndibperatordfamiliarizationtbeforetandmarkstind#ingulationsttantbe#onsistently#
identified.# histtimitationtayibetreflectedfintthe#iecreasedfinterSexaminer#eliability.#

# Thefimpactibftusingtbtherfimagingtsoftwaretinttheffandmark#identificationthnd#

angletimeasurementtgenerationsthasthottbeenthssessed.Ht

#
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Conclusion

# 3D#olumetteconstructionstand#nultiplanartutilizationtbf£BCT#magesHorBD#
landmark#placementiisthighly#eliablefortbothfintra%bserverfindfinter®bserver#
identificationthnd#nalysis.#

For#the8 DICWRU#ransversefinalysis,flthough#tilemonstrated#ood#intra9
observer#eliability,#he#feduced#interDbserver#eliabilitytnaytbethttributedofackibf#
clinician#alibrationtand#ack#bfilarificationtbfithetstepstheeded#otbuccessfullytutilize#
thistmethod.#Alsofertinentiothotefisithetvariabilitytind#arge#tandard#ieviationstbeen#
with#the#fCWRU#interSbserver#eliabilityfivhich#naybetthe#esultibfithefisetbftaitmall#
sampletize.#

# With#he#lemonstrationibfiboth#methodstbeingteliable, #urther#tesearch#villtbe#
ableftolirectlyftomparetineasurementtechniquesttottietermine#ifttilizationtbfi8D#
volumetricttlatafteadstoimprovedthccuracyibfibuccolingualtmeasurementstandthence#

improved#liagnosistbftmaxillary#ransversefleficiencies.#
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Appendix

Tablef2.1:#escriptiontbfitheftkeletalthnd#entalfinatomiclandmarkstisedfortangular#

measurements#nlliBiplanes.#
Landmark | 3D Reconstruction | Axial View (XY) Sagittal View | Coronal View (XZ)
(ZY)
Nasion

Most Anterior
point of the
frontonasal
suture

Infraorbital
Foramina
(Bilateral)
Center of the
most superior
border of the
foramen

Incisive
Foramen
Center of the
most posterior
border of the
foramen

- axillary 1st
molar palatal
root apex
(Bilateral)

- axillary 1st
molar
mesiolingual
cusp tip
(Bilateral)

- axillary

canine root
apex

(Bilateral)

- axillary
canine cusp
tip (Bilateral)
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- andibular
1st molar
mesial root
apex
(Bilateral)

- andibular
1st molar
central
groove
(Bilateral)

- andibular
canine root
apex
(Bilateral)

- andibular
canine cusp
tip (Bilateral)
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#
Figuref2.1##andmarksthstvisualized#infAvizo#oftwarefersioni8.1#

#
#
#
Table.2##Descriptiontbffeeth#ineasured#ntCWRUMA ransversefanalysis.#

UL3#

Upper#maxillary)#leftitanine#

UR3#

Upper#maxillary)#ightianine#

UL6#

Upper#maxillary)#eftifirstinolar#

URG#H

Upper#maxillary)#ight#irstimolar#

LL3#

Lower#mandibular)#eftitanine#

LR3#

Lower#mandibular)#ightianine#

LL6#

Lower#mandibular)#eftifirsténolar#

LR6#

Lower#fmandibular)#ightffirstimolar#
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1106 [deg]

- L HHH #
Figuref2.2a:#Maxillary#Hirstinolartt  # HiHHHHHFiguref2 . 2b:#Maxillary#anine#

buccolingualfinclination#UL6,#JR6). HttHHHiH HHHHiHb uccolingualfinclination#UL3,#JR3)#

102.18 [mm]

Figuref2.2c:#Mandibularffirstimolar# # # Figuref2.2d:#Mandibularianine#
buccolingualfinclination#LL6,#R6)# # H buccolingualfinclination#LL3,#R3)#
#

#

#

#

#

#

#

#

#

#

#

#
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Tablet2.3:#ntraclassttorrelationttoefficientstfortAvizotsoftwaretBD#fandmark#intra9
examiner#eliability#esting.#

# s Y z
ICC lower upper ICC lower upper ICC lower upper
bound bound bound bound bound bound
1 0.937# | 0.833#| 0.982# | 0.996#| 0.989#| 0.9994#| 0.997#| 0.992#| 0.999#
2 0.976# | 0.935#| 0.9944# | 0.998#| 0.994#| 0.9994#| 1.000#| 0.999#| 1.000#
3 0.990# | 0.971#| 0.997# | 0.998#| 0.995#| 1.000#| 1.000#| 0.999#| 1.000#
4 0.945# | 0.855#| 0.985# | 0.999#| 0.997#| 1.000#| 0.998#| 0.994#| 1.000#
5 0.991# | 0.974#| 0.998# | 0.998#| 0.994#| 1.000#| 0.998#| 0.995#| 1.000#
6 0.986# | 0.962#| 0.996# | 0.987#| 0.964#| 0.997#| 1.000#| 0.999#| 1.000#
7 0.986# | 0.961#| 0.996# | 0.997#| 0.992#| 0.9994#| 0.999#| 0.997#| 1.000#
8 0.986# | 0.960#| 0.996# | 0.988#| 0.950#| 0.997#| 0.999#| 0.998#| 1.000#
9 0.990# | 0.973#| 0.997# | 0.998#| 0.994#| 1.000#| 0.997#| 0.99# | 0.999#

10 | 0.982# | 0.937#| 0.995# | 0.9994#| 0.996#| 1.000#| 1.000#| 0.999#| 1.000#
11 | 0.990# | 0.971#| 0.997# | 0.999#| 0.997#| 1.000#| 0.998#| 0.995#| 1.000#
12 | 0.996# | 0.989#| 0.999# | 0.999#| 0.997#| 1.000#| 1.000#| 1.000#| 1.000#
13 | 0.987# | 0.964#| 0.997# | 0.997#| 0.992#| 0.999#| 0.997#| 0.992#| 0.9994#
14 | 0.994# | 0.982#| 0.998# | 0.996#| 0.988#| 0.999#| 0.999#| 0.997#| 1.000#
15 | 0.970# | 0.916#| 0.992# | 0.997#| 0.991#| 0.999#| 0.998#| 0.991#| 0.9994#
16 | 0.966# | 0.907#| 0.991# | 0.993#| 0.981#| 0.998#| 0.999#| 0.997#| 1.000#
17 | 0.995# | 0.985#| 0.999# | 0.999#| 0.997#| 1.000#| 0.999#| 0.997#| 1.000#
18 | 0.976# | 0.93# | 0.993# | 0.999#| 0.996#| 1.000#| 1.000#| 0.999#| 1.000#
19 | 0.996# | 0.989#| 0.999# | 0.999#| 0.998#| 1.000#| 0.999#| 0.998#| 1.000#
20 | 0.974# | 0.929#| 0.993# | 0.997#| 0.990#| 0.999#| 1.000#| 0.9994# | 1.000#
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Tablef?.4:#MeanterrorstbndtbtandardttieviationstfortAvizotsoftwaret8B Dtandmark#ntra9
examiner#eliabilityt#festingfmm).#

# - Y z
Mean | Standard | Mean | Standard | Mean | Standard
error Deviation Error | Deviation Error | Deviation
1 Nasion 0.2834# 0.253# 0.385# 0.215# 0.203# 0.145#
2 R. Infraorbital foramen 0.516# 0.409# 0.336# 0.269# 0.337# 0.224#
3 L. Infraorbital foramen 0.335# 0.353# 0.535# 0.421# 0.2804# 0.288#
4 Incisive Foramen 0.1344 0.283# 0.1344 0.283# 0.2744# 0.074#
5 U6 R. palatal root apex 0.300# 0.123# 0.556# 0.329# 0.235# 0.117#
6 U6 R. palatal cusp tip 0.302# 0.124# 0.518# 0.351# 0.2434# 0.147#
7 U6 L. palatal root apex 0.335# 0.353# 0.6014# 0.798# 0.327# 0.305#
8 U6 L. palatal cusp tip 0.335# 0.353# 0.468# 0.450# 0.355# 0.251#
9 U3 R. root apex 0.067# 0.212# 0.4014# 0.466# 0.233# 0.232#
10 | U3R. cusp tip 0.067# 0.212# 0.536# 0.283# 0.286# 0.193#
11 | U3 L.root apex 0.335# 0.353# 0.4694# 0.324# 0.2534# 0.209#
12 | U3 L. cusp tip 0.200# 0.450# 0.3344# 0.471# 0.193# 0.105#
13 | L6 R. mesial root apex 0.402# 0.346# 0.335# 0.353# 0.333# 0.206#
14 | L6 R. central groove 0.536# 0.283# 0.4024# 0.346# 0.2604# 0.316#
15 | L6 L. mesial root apex 0.201# 0.324# 0.335# 0.353# 0.2604# 0.240#
16 | L6 L. central groove 0.1344 0.283# 0.402# 0.346# 0.277# 0.216#
17 | L3 R.root apex 0.402# 0.346# 0.4014# 0.467# 0.2404# 0.188#
18 | L3 R. cusp tip 0.335# 0.353# 0.268# 0.346# 0.288# 0.185#
19 | L3 L. root apex 0.296# 0.268# 0.4114# 0.278# 0.262# 0.217#
20 | L3 L. cusptip 0.267# 0.249# 0.2604# 0.248# 0.391# 0.298#
#
#
Estimated Marginal Means of MEASURE_1
o Trial
i
a.) ) Coam ) b.) S e o #
Figuresi®.3ab:#Exampletscattertplothindiprofiletblotibfth#fandmarkitoordinatefivithiexcellent#
intra%xaminer#eliability#lemonstratedistrongtpbositivettorrelation,#Qaxisfortpointl 2.#
#
#
#
#
#
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Tablet2.5:#ntraclassttorrelationttoefficientstfortAvizotboftwaretBDi#olumetrictandmark#

interSxaminer#eliability#esting.#

HoH HF F HF H HFF HFH R HF TR R R E

- Y z
ICC lower upper ICC lower upper IcC lower upper
bound | bound bound bound bound bound
1 | 0.9294# 0.788# | 0.981# | 0.963#| 0.898# | 0.990# | 0.980#| 0.943# | 0.994#
2 | 0.960# 0.876# | 0.9894# | 0.990#| 0.933# | 0.998# | 0.999#| 0.997# 1.000#
3 | 0.958# 0.885# | 0.9894# | 0.991#| 0.915# | 0.998# | 1.000#| 0.9994# 1.000#
4 | 0.939# 0.838# | 0.983# | 0.991#| 0.963# | 0.998# | 0.997#| 0.990# | 0.999#
5 | 0.9894 0.968# | 0.997# | 0.998#| 0.995# 1.000# | 0.998#| 0.989# | 0.999#
6 | 0.918# O0.758# | 0.978# | 0.979#| 0.942# | 0.9944# | 0.992#| 0.946# | 0.998#
7 | 0.978# 0.938# | 0.994# | 0.997#| 0.991# | 0.999# | 0.999#| 0.997# 1.000#
8 | 0.943# 0.848# | 0.984# | 0.981#| 0.946# | 0.995# | 0.995#| 0.985# | 0.999#
9 | 0.968# 0.882# | 0.992# | 0.997#| 0.989# | 0.999# | 0.991#| 0.940# | 0.998#
10 | 0.970# 0.907# | 0.992# | 0.999#| 0.996# 1.000# | 1.000#| 0.999# 1.000#
11 | 0.986# 0.958# | 0.996# | 0.998#| 0.994# | 0.999# | 0.995#| 0.971# | 0.999#
12 | 0.988# 0.965# | 0.997# | 0.996#| 0.988# | 0.999# | 1.000#| 0.999# 1.000#
13 | 0.847# 0.534# | 0.959# | 0.990#| 0.948# | 0.998# | 0.993#| 0.961# | 0.998#
14 | 0.977# 0.936# | 0.994# | 0.993#| 0.945# | 0.999# | 0.998#| 0.990# 1.000#
15 | 0.838# 0.568# | 0.954# | 0.983#| 0.864# | 0.996# | 0.996#| 0.961# | 0.999#
16 | 0.9494# 0.864# | 0.986# | 0.988#| 0.948# | 0.997# | 0.998#| 0.991# 1.000#
17 | 0.974#) 0.928# | 0.993# | 0.998#| 0.993# | 0.999# | 0.996#| 0.973# | 0.999#
18 | 0.962# 0.880# | 0.990# | 0.995#| 0.985# | 0.999# | 0.9994#| 0.997# 1.000#
19 | 0.975# 0.932# | 0.993# | 0.998#| 0.995# 1.000# | 0.997#| 0.989# | 0.999#
20 | 0.960# 0.891# | 0.989# | 0.996#| 0.988# | 0.999# | 0.999#| 0.995# 1.000#
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Tablef2.6:#Meanterrorsthndtstandard#leviationstfortAvizotsoftwaret8 DHandmarkiinter9
examiner#eliabilityt#festingf{degrees).#

# - Y z
Mean Standard Mean Standard Mean Standard
error Deviation Error Deviation Error Deviation
1 Nasion 0.596# 0.243# 0.9594 1.055# 0.841# 0.802#
2 R. Infraorbital foramen 0.527# 0.222# 0.735# 0.332# 0.265# 0.202#
3 L. Infraorbital foramen 0.428# 0.196# 0.704# 0.335# 0.207# 0.137#
4 Incisive Foramen 0.4194# 0.301# 0.585# 0.462# 0.578# 0.265#
5 U6 R. palatal root apex 0.291# 0.131# 0.351# 0.156# 0.393# 0.210#
6 U6 R. palatal cusp tip 0.840# 0.502# 0.956# 0.859# 0.719# 0.530#
7 U6 L. palatal root apex 0.425# 0.222# 0.456# 0.230# 0.272# 0.229#
8 U6 L. palatal cusp tip 0.6794# 0.365# 1.040# 0.612# 0.6044# 0.413#
9 U3 R. root apex 0.416# 0.102# 0.442# 0.187# 0.830# 0.437#
10 | U3 R. cusp tip 0.365# 0.133# 0.367# 0.155# 0.198# 0.124#
11 | U3 L. root apex 0.343# 0.216# 0.348# 0.169# 0.600# 0.353#
12 | U3 L. cusp tip 0.281# 0.193# 0.460# 0.354# 0.124# 0.132#
13 | L6 R. mesial root apex 1.004# 0.596# 0.848# 0.456# 0.820# 0.439#
14 | L6 R. central groove 0.395# 0.226# 0.643# 0.235# 0.378# 0.194#
15 | L6 L. mesial root apex 1.012# 0.644# 1.069# 0.385# 0.662# 0.320#
16 | L6 L. central groove 0.442# 0.199# 0.864# 0.375# 0.425# 0.221#
17 | L3 R. root apex 0.424# 0.265# 0.321# 0.297# 0.741# 0.189#
18 | L3 R. cusp tip 0.482# 0.225# 0.498# 0.486# 0.257# 0.141#
19 | L3 L. root apex 0.3544# 0.184# 0.402# 0.122# 0.638# 0.338#
20 | L3 L. cusp tip 0.452# 0.410# 0.560# 0.329# 0.288# 0.190#
#
#
#
#

Tablef2.7:#ntraclass#orrelationttoefficientsforfL WRU#Hransversethnalysis#intra9
examinerfind#nterS®xaminer#eliability#ntDolphin.#

Intraexaminer Interexaminer
Tooth ICC Lower bound Upper bound IcC Lower bound Upper bound
UR6 0.960# 0.887# 0.9894# 0.760# 0.4244# 0.928#
uLe 0.969# 0.912# 0.991# 0.710# 0.383# 0.9094#
UR3 0.927# 0.805# 0.98# 0.401# 0.050# 0.760#
UL3 0.931# 0.815# 0.981# 0.564# 0.0494# 0.868#
LR6 0.967# 0.908# 0.991# 0.576# 0.184# 0.856#
LL6 0.9594# 0.886# 0.9894# 0.385# 0.041# 0.750#
LR3 0.946# 0.852# 0.985# 0.348# 0.003# 0.731#
LL3 0.913# 0.772# 0.976# 0.232# 0.133# 0.662#
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Tablef2.8:#Meanierrorstind#tandard#ieviationstbfEWRU#ngulartineasurementsHor#
intra®xaminerfand#inter®examiner#eliabilitytestingfdegrees).#

100

30

a.)

Intraexaminer Interexaminer
Tooth Mean Standard Mean Standard
Error Deviation Error Deviation
UR6 1.053# 0.505# 3.800# 2.084#
uLe 1.268# 0.552# 5.874# 5.075#
UR3 2.001# 0.897# 3.860# 2.405#
uL3 1.591# 0.9444 5.041# 4.1194
LR6 0.846# 0.639# 3.980# 3.814#
LL6 1.187# 0.5194 3.887# 2.5914
LR3 1.146# 0.4284# 4,980# 2.4294
LL3 1.281# 0.512# 3.153# 1.938#
#
#
Esti | Marginal Means of MEASURE_1
o« %, g

% 100

. E 959

® E 90

. i
30 El s 100 105 110 b ) ;Ubjec(s

Trial

#

Figuresi®.4ab:#ExampletscattertplotiindiprofiletplotibftangularfC WRU#nmeasurement#vithipoor#
inter®xaminer#teliability,#footh#L3.#
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Chapter 3: Comparison of two techniques for three-dimension
measurement of buccolingual inclinations in maxillary
transverse deficiencies

Introduction

# Maxillary#ransversettleficienciestaretbnetbfithetmostiprevalentitkeletal#
craniofacialiproblems#ncounteredby#brthodontics,tbuttypicallythistlimensionfisthot#
necessarily#fullyttonsidered#luring#liagnosis®.#Althoughthottniversal#eferencetstandard#
transversettliagnosisthastbeenttonsistentlyfupportedibasedibnithedliterature, fnost#
cliniciansttend#o#fmaketthistliagnosistbasedibntbiombinationtbfitlinicaliignstand#
radiographictevaluation.#tnfortunatelytthe#aliditybfthitlinicaliliagnosististhard#o#
assessibecausetaxillaryttleficienciestexistibnibttontinuum#ndithetthresholdiofidentify#
patientsthsthormal#versusthbnormalfisthotitlearlytlefined.#l herefore, #thstlifficultito#
clearly#identifytabnormal#maxillary#limensionsfivith#athighttlegreetbftaccuracy,#vhich#
explainsithe#fackibftattiniversal#teference#tandard#foritliagnosisiintthistlimension.#5ome#
clinical#igns#thatthreteasily#ecognizablefincludetthetpresencetbftinterioribriposterior#
crossbites,#legreetbfitrowding, hapetbfithetaxillaryt#lentaltarch,theightand#vidthibf#
thetpalataltvaultihndisizetbftbuccalitorridorstbnismiling™>. #However, #lental#
compensations#ntthe#formibfibucally#laredfaxillarytposteriorteethithatitamouflagetb#
skeletal#ransversettleficiencytmaybettlifficultiottletectitlinicallyfvithoutionsidering#

radiographically#thetbuccolingualinclinationtbf#foots>> #
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H Buccolingual#ooth#inclination#istbnetbfisixitharacteristicstbfthormalibcclusion#
identifiedtbytAndrewstthatthastbeenuggesteditontributesttofsuccessfulibndistable#
orthodonticreatment” #he#ABODbjectiveradingtSystemibtatesithatitotbstablish#
properibcclusionthnd#voidibalancinginterferences,#therethouldthotibethntbppreciable#
differencefinithetheightstbftbuccalaind#lingualituspstbfimaxillaryfandfmandibular#
molarss.ﬂ'his#s#ypicaIIy#hssessed#bn#dentaI#nodeIs#to#dentify#the#presence#bf#a n#
increased#urvetbfiVilson#vithitheflingual#uspstbfithefmaxillaryfposterioriteeth#
extending#below#he#)cclusaI#planel.#i'he#,hortcoming#)f#this#neasurement#bpproach#s#
thatt#tlue#fotvariation#inflentalitrowntinatomy,thetbcclusaltsurfacefinclinationfloesthot#
necessarilytorrespond#fotthethctual#ongthxistbfithetteeth® frherefore, hdequatett
assessmentibfibuccolingual#inclination#equires#adiographictevaluation#o#visualizetfoot#
positionfivithint#the#lveolartbonetandfidentify#theffongtxistbfithe#eeth.#Although#
conventionalipostero@nterioritephalograms#iveretpreviouslyttonsideredtinthdequate#
method#o#identify#fransversetskeletaltliscrepancies’#hettisetbf2 D#maging#fortt
transversettliagnosisthas#fallenibutibffavoriiuettotlocumented#limitationstthatthffect#
accuracyibfflandmarktplacement®™°.#

# Threedimensionaltassessmentibfibuccolingual#inclinationtbf#eeththastthe#
potential#ofimprovetliagnosis#inthe#fransverseflimensionfindbetterbupplement#
clinicalinformation™! #Although#£BCT#magingtistbecomingtnoretfrequentlyttilizedtin#
clinical#brthodontics,#lueffotthe#mprovedfimagingtccuracybfiBDinatomy#ind#
unobstructed#inatomical#views #it’sttisetinustibefjustifiedtbyttlemonstratingttproven#

advantagetinitliagnosistand#treatmenttblanning® #Eurrently, #hettisetbf8Dimagingthastht
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diagnosticttoolfisttonstrained#to#pecificttlinical#cenariostbythffackibftteproducible, #
guantifiable8D#inalysest#thati#lemonstratetuperiorthccuracytbverttraditionaliliagnostic#
methods"> ##

H Therethave#lreadyibeenthttempts#tottieveloptBDHransversetinalysesttofidentify#
and#liagnosetthetlentaltand#keletalftomponentstbftmaxillary#ransversefleficiencies.#
I\/Iiner#ét)a/.mﬁbnd#Podesser#tt)al.%#developed#tra nsversetinalysesHor#CBCTHNATH
scans#espectively#thattevaluatedttientalthnd#keletalfandmarksthstivelltastbuccolingual#
molar#inclinationstbn#tandardized2D#oronaltlices.#ase#iVesterniReservefniversity#
(CWRU)#alsottlevelopedthttransversethnalysisttothssesstbuccolingualfinclinationstbf#
maxillarytand#mandibulartnolarstanditaninesttisingitoronalislicestbffEBCT#mages’. frhett
CWRU+#analysistevaluatesthngularttientalimeasurements#tofidentify#hefpresencetbf#
dental#tompensationsthnd#idilinicians#ntmaking#lecisionsthbout#hetheedHorttlental#
versusitkeletaltbxpansiontivith#fjuantifiablethumbers®. fhetmain#iimitationtbfithetabovett
previously#leveloped#BD#ransversethnalysestistthe#tinderutilizationibftthe8 D#olumetric#
datatbyttonfining#finearthndfngulartineasurements#of2 Dioronal#licestthatthad#otbett
consistentlyfbriented.fherefisthlsotb#fackibfitonfirmationtas#otthetbtability#luring#
craniofacialigrowthibfithe#thosentineasurement#eferencetplanestindithetpproach#o#
the#eethibytiewingithettoronal#lices#thatéverethot#xactlytperpendicularifofthe#
buccolingualtplane®**®’ #

H Due#totthe#limitationstbfithesetpreviouslytproposediBD#ransversetbnalyses,#

therettemainsththeed#ortthelevelopmentibfiantnalysistthat#fullyfitilizestB Dilata. #

Maybetsuchthpproach#ivouldthavefmore#validilinicalimplications.itudiesthave#shown#

60



that8D#fandmark#identificationffrom#BCT#olumetricttlatafisitlosertothnatomical#
measurementst#thanftonventionali2 Dineasurements,tandibfferstonsistenttbnd#eliable#
datafintthetk ##R#planestivhentinultiplanarfMPR)#iewstnd#BD#enderingstare#t

d'®" #swennenibt)al’HecognizedihtheediforfoxeltbasediB Dimeasurementtanalysest

use
usingthiBDiCartesianttoordinatetsystem #iNith#B D artesian#oordinatetystem, #
landmark#lerived#k9y, k%, #Itblanesttantbethligned#isingtbeveraltidentifiabletandmarks, #
providingth#ivay#oftanda rdize#BD#mage#)rientationn'zz.#msD#/olumetric#and mark9
derived#maxillary#teferencetplanethastalreadytbeenttonfirmed#eliabletand#eproducible#
for#CBCT#superimposition#ﬂsing#our#accurate#and#eliable#,keletaI#andmark523.#Jsing#
thistpreviouslyfestablishi8D#naxillary#eferencetblaneHforimagetbrientationtbndtngular#
measurements,hiBDHransversethinalysisttantbefleveloped#vithipotentiallyimproved#
measurementthccuracyibfthnatomical#tructures.#

H ThetpurposetbfithistbresentistudysisithereforetfottleveloptBDHransverse#
analysistthat#ully#utilizest8 Dilatatbn#aiCartesianftoordinate#ystemtsing#the#
transformation#inethoditlescribedtbyitagraveretet)al’**tandithet8 Dnaxillary#teferencet
planettlescribediby# emieuxttt)al” . fhetsecondibbjectivetistfottomparetthetbuccolingual#
inclinations#bftnaxillarythndfmandibularmolarstand#aninestbetweentthisthovel#BD#

buccolingualtanalysistand#hef#WRU#ransversethnalysis,#vhich#istaipreviouslyflescribed#

3D#ransversethnalysis.#

Materials & Methods

Patientifelection#t
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H ThetpreQXreatmentiCBCT#canstbfibOtpatientstiveretandomlytselectedfromib#
poolibfipatients#thatthadilinicallyletermined#inilateraltbribilateralitrossbites#involving#
moretthanth#wotteethtindthadibeenfidentifiedfstrequiringmaxillary#expansioniby#wo#
orthodontiststastbartibfitagraveretet)al. * #tandomizeditlinicalitrialiatithettniversitytbft
Alberta.f#Ethicsthpproval#vastbbtained#fromi#thettniversitytbfflbertatResearchithics#
Board.fhe#study#populationitonsistedibfthdolescentsthged#l 191 7#earsibldivith#
permanentilentitionfrom#irstimolart#to#irstimolarfintboth#lentalthrches.#Patientstivith#
partiallyterupted,#ineruptedbrierticallyimpactedtmaxillary#aninesiverefincluded#as#
thisthppeared#juitetprevalentintthetpatientipoolibftinaxillarytransversettleficiencies.#
Sex,#ypetbftnaxillarytexpansionfand#hronologicalthgefiverethotitonsideredtbecause#
treatmentieffectstbrithangetbveritimetarethotibeingthssessedintthisitudy. #A#
standardized#protocol#or#he#BCTH#canstvastisedtvithitheHCATHiICAT, #maging#fcience#
International,#Hatfield,#PA,#)SA HargeHfieldibfiiewH#l 6cmik#l 3.3, #/oxel#izet.30mm, #

120kVp,#8.54mAS,#8.9%econds).#

Avizo 3D Landmark Identification Technique: Alberta DS Transverse Analysis

H Rawi£BCTHmages#iveretexported#stbICOM#Hilesthnd#oaded#intotAvizofrersion#
8.1#oftware#fVisualizationiSciencestaroup,Burlington #MA #JSA)#forthnalysis.#)sing#
isosurface#tenderingthnd#agittal, #hxialthndttoronaltmultiplanarilices,##keletaltind#l 64
dental#fandmarks#veretteliablyfidentifiedforttneasurement#Table#8.1,{Refertto#
reliabilitytthapter).#All#fandmarks#veretplaced#isingt.25mmitliametertvirtualispherical#
markers#vith#vizo#oftwaretusingtthe#tenteribfithefsphericalfmarkers#oigenerate8D#

coordinatestinth#tandardizedibrder.frhetHtkeletaltandmarks#thosen#nasion,tbilateral#
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infraorbital#oramina#and#the#ncisive#:anal)#Nere#previoust#dentified#by#_emieuxB#as#
beingtboththccuratethnd#eliablefinireatingth#B Dinatomicaliartesian#oordinate#
system#from#ivhich##eproduciblefmaxillary#eferencetblaneiouldibetestablished.#

H In#this#turrentétudy, hetsametBDimaxillary#teferencetplanetthat#epresentsithe#
xzPlanetivastised#otbbtaintbuccolingualtingulartneasurements#from.fhe#teference#
plane#ivasttreated#by#ransformingfthettandmarkipointstvith#MATLAB#oftwaretas#
described#inttletailtby# agraverettt)al.® Jand#vastthenttepresentedibnibiglobaltt
coordinatetbystem#forithefCBCT#can. fFourtpointsiverethecessaryffottieterminetthe#
orientationtbfithetbrthogonaliCartesianfoordinate#ystemibniBDiraniofacialiimages.#
Nasiontbecametthetbrigin#0,0,0)tbfththewBD#oordinatetsystemiandithettemainingiB#
skeletal#fandmarkstestablished#thetk, ##nd##planeskFiguretB.1).fhetyzPplanetyaxis)#
passestthrough#thetincisiveforamen#indthasionpoints,thistmakestthetyzPlanetplitithe#
skullilownithettenter.fhetkyQlanetxQxis)tstbetiisingtthetinfraorbitalthndthasion#
points.finally,#hetkztblane#fz%xis)fistsettbytknowingtthatittnustibetbrthogonalttotthe#
other#wothxes,theedingibnlyibnetpointitotiefinetit, thasion. fhekzPplanetised#for#
measurement#eferencefistshown#iniFigure8.2 fiheflentalfandmarks#elected#iverefast
described#inthe#CWRU#nalysisthsithe#usp#ipstand#ootthpicestbfthetmaxillarytand#
mandibulartmolarstand#aninesioiiefineftheffongtxistbfeach#oothHortbuccolingual#
measurement2’16'17.#ﬂs#iescribed#n#his#tudy,#this#s#1ow#he#ong#axis#)f#he#eeth#/vas#
defined#foribnly#he#elatedf£ WRU#tudiesthowever,therefisthofliteraturettlefining#
exactlyfivhatidealtbuccolingual#oottpositionishouldibetbritlefinesithettruettongtaxistbf#

thetteeth.#
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H Threetpointsthre#tequired#otestablish#thetbuccolingual#oothiplaneHforfising#
Avizo#softwaretsothdditionaltpointsiveretplacedttithetmostibuccalitontouribfithe#
middle#hirdibfieach#ooth,brithetbuccalitorteximmediatelythdjacent#ofthetfooth#
(Table#B.2).fThesetpointstiveretmeantitotformibtmeasurementiplanetsotthatithett
approach#tottach#footh#fortingularimeasurementiivastperpendicularfotbbuccolingual#
planetthat#fanttlirectlythrough#theffongthxistbfteach#tooth#Figurests.3iRiB.4) #ftbnly#
twodbointstperitoothiveretised#tottonstructibfiinefinsteadbfthineasurementiplane#o#
intersectivith#the#eferenceplane,tuspiipthnd#ootthpex, thetesultingtneasurement#
wouldbethffectedibyesiodistalitiptind#otation,fprovidingfnglestthatitlothot#eflect#
thetbuccolingualtpositionibfithetineasured#ooth.fAlso,#nBDitoordinatefnalysistisetbf#
onlyfaflinefintersectingfhiBDiplaneoesthotitlearlyflefinetthettneasurementfnglefast
there#fivouldibetmanytinglestthatixistiB60° around#hibingle#fine.#nstead,ftheretheedsio#
be#two#istinctiBD#intersectingtlanesitotfidentifytbnetingleffortineasurement#n#BD.#

# Coordinatestivereffuni#throught#MATLAB#Igorithmi#that#vasttievelopediby#ND#
andibSthindimodified#from#thattbreviouslyftlescribediby# agraveretet)al. ** thattboth#
transformedi#theflatattotestablishithet8BDioordinate#teference#ystem#inditalculated#
thetbuccolingualtanglefformedibyihefintersectiontbfitheffongthxistbfieachitoothtind#he#
xz#teferencetplane.Mhisitantbetrepeatedfforihllteethtind#thetteferencetblanesis#
constant#forflltanglestmeasuredibffibfithetbametpatienttscan. MW hen#iewingithe#
established#buccolingualtplanefforieach#ooth, fthe#feferenceslinethnd#ooth#linethre#
shown#intFigure#B.Eightibuccolingualthngulartmeasurementstiverettakenthlongithe#

buccolingualtplaneithatfivasireatedibyiplacementibfibithirdipointibnithetbuccalibfteach#
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tooth#Figurest8.5add).#hethnglesttalculatedfromithetlevelopedblgorithm, thamedtas#
the#lbertatbSHransversetnalysis, #vereftonfirmedibythandfvithiprotractoribnibbelect#

fewitasestpriortottunningbllibOttaseitoordinatestivithithe#MATLAB#oftware . #

CWRU Transverse Analysis

# Usingtbolphinimagingtl1.7#remium#Dolphin#fmagingi&#Management#
Solutions,#hatsworth,#£A #JSABCTH#licomifilestiverettiploaded#indibriented#inithe#
sagittal, fhxialthnd#oronal#/iews#followingth#standardizedthpproach#Figuret8.6)fhe#
developed#echniquetfoftonsistentlytbrient#BCT#magesthnd#neasuretbuccolingual#
inclinations#bftinaxillarytand#mandibularimolarstand#aninesfrom#2 Ditoronalilicefivas#
shownttotbetteliabletandiisflescribed#intFigurest8.78.10%%"* #Fortmaxillarytnolars,#
thethnglefmeasured#ivastthatiformedibyithe#inferiortborderibfithethasalitavityfvithib#
linetpassing#hroughithethpexibfithefmaxillary#irstimolaripalatal#ootiotnesialtpalatal#
cuspi#ip.fMaxillary#anine#inclinationstiveretineasuredibyithetingleformedibetweentthe#
line#ftangent#o#thetinferiortborderibfithethasalitavitythnditheffongthxistbfithettooth.#or#
mandibularfmolars,#inclinationsfveretbbtainedby#fmeasuringtthefingletbetweenithe#
inferiortborderibfithetinandibletandtlinetpassingtthrough#hefentraligroovethnd#oot#
apex.#Mandibularfanine#inclinationstarefmeasuredtatithethingletbetween#flinettangent#
to#the#inferiortborderibftthefmandibletand#the#linetthrough#heffongtxistbfithetfooth All#

anglestiveretthown#othavethightintraexamineriteliability#refertto#teliability#thapter)”

16,17,25
M

Statistical Analysis
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H AtbampledsizettalculationivasthotitompletedHor#his#tudythsibO#recordsibfipre9
treatmenti£BCT#canstivereileemedidequateinfieterminingithetsignificancetbfithe#
results.fAll#tatistics#verethnalyzedtuisingtstandard#tatistical#oftwarethackage# SPSS#
Statisticstversioni23#foriMac,#BM).#Descriptivettatisticsiveretgeneratedffortbachibfithe#
8#ontinuousttlependent#ariables,includingithetmeanthbsolutethndfmeani#elative#
differencetbftangularfmeasurementstbetween#hetwofmethods.#Atpairedobservations#
multivariatethnalysistbf#ariancef MANOVA )ibfithethbsolutetlifferencetbetweenithettwo#
methods#vastised#ottleterminefignificancetand#testithethullthypothesis#that#herefis#
nottlifferencetbetweentthettwotimethodstbftbuccolingualfmeasurement.fApivaluetbfiiess#
thaniD.05#vasttonsiderediignificant. #Dfthote, #or#adiographicthngularineasurements#
anthbsolutettlifference##l0° wasttonsideredilinically#ignificant.# his#linical#
significanceftevel#vastbasedibniwice#fhetineantstandard#tleviationtbfithethormative#
data#:olIected#by#Streit#et)al.msﬁmtlinicaI#Significance#)f#wo#ta ndardttleviationstvas#
chosen#tofncompassi®5%ibfitheflatattlistributionfuch#hatfnythingtbutsidetbfithis#
range#fvouldibettonsideredfbnormal.fAtithis#evel #ifferencestbrithangestin#
measurementsitould#lemonstratethibracticalttlifference#thatthasththoticeable, #
meaningfulfreatment#ffect.#rrequencyibfithethngulartmeasurementsibetweentthettwo#
methodsthavingthitlifferencefbftmorethen#l0° wasteported#othidiintinderstandingithe#
variabilityfbffthetftwotinethods.#

# Prior#o#tatisticalfanalysis,fmodeltassumptionsiverethssessed. frheMANOVA#s#
robust#o#violationstbfthormalitythndthomogeneitytbf#ariancefifigroupstaretbfibqual#

size,fhstistthettaseHforthisttatatbet. #helatafivasitheckedHorinultivariatethormality#
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andpresencetbfibutlierstpriorttothypothesistestingfivithithe M ANOVA . f hisHivas#
completed#visuallyfziathiboxiblotthndthormalidQiplotibfthe#Mahalanobististancetbf#

the#lifferencetbetweentthetCWRU#Nd#AlbertatbS#ransversethnalysis#alues..#

Results
# Descriptive#tatisticstbfithethbsolutetmeanilifferencetbetweenfnethods#is#
summarizedinfirableiB.3,#elativetmeantlifferencestiverethotedthstivell . #Multivariate#
normalityfandibutliersvasthssessed#isingthiboxiplotiindHBinQiplotibftheMahalanobis#
distance#{FigureiB.11a##8.11b),beforeBtMANOVA#estingHvasttompleted.frhree#
multivariatetbutlierstiverefidentified#in#thelightly#ightSkewed#latatset.#Hypothesis#
testing#isingtMANOVA#vas#unibothiivithfandfvithoutithe#identifiedtbutlierstandho#
differencefinthettesultingtb-valuestivasthoted#therefore, fll#urtherttatisticsvere#
completed#vithibutliersfincluded.fThetpairedobservationstMIANOVA#evealedtrong#
evidenceibfthtbtatisticallysignificantilifferencetbetween#thefLWRU#ind#AlIbertaiDSH#
transversethnalysis,#(8,1562)=#132.345,1p )<#0.001,#Nilks’#ambda##.047H#TableiB.4).#
FollowQup#inivariatetANOVAs#ndicated#thatithetCWRU#ransversefnalysistindithe#
AlbertatbS#ransversethnalysisttneasurements#iveresignificantlyflifferentffor#lli8#
measuredtteeth#Table#8.5).4
* Maxillary#ight#irstinolarf UR6)#liffered#by .97degrees#95%H|:#.00#8.93, hk#
0.001)#
* Maxillary#leftffirsttnolarfUL6)#ifferedtbys . 78#egrees#95%|:#6.594#-18.96 btk #
0.001)#
* Maxillary#ightttaninef UR3)#ifferedtby#l 3.93#Hegrees#95%41:#12.34915.51 tptk#
0.001)#

* Maxillary#teftitaninefUL3)#lifferediby#l5.96#egrees95%C1:#4.21917.72, ipk#
0.001)#
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* Mandibular#ightffirsttmolar#LR6)#lifferedibyiR.74#tlegrees#95%IC:#2.22B.26,ip#
<i#0.001)#
* Mandibular#eftffirstinolarfLL6)#ifferedtbyiB.08#egrees#95%41:#2.50B.66,pik#
0.001)#
* Mandibular#tight#tanine#LR3)#ifferedibyb.30#egrees#95%1I:#.30%5.29,pk#
0.001)#
* Mandibular#leftitanine#LL3)#ifferedtbyib.74#egrees#95%Cl:#.59%.90,btk#
0.001)#
#
#
The#requency#ivithiivhichitheflifferencetbetween#the#fwotmeasurementtmethods#ivas#
belowditlinically#ignificantivaluetbflOtlegreestisiteportediinfTable8.6.#Ofthelteeth#
measured,fmandibular#firsttmolarstthowed#hotitlinicallyfignificant#lifferencetbetween#
methods#lemonstratingth#iess#than#l0degreeilifferencetatl 00%nd#98.3%bfithetime#
for#ighttand#leftimolars#tespectively.#Maxillary#aninestmostifrequentlytiemonstratefa#

clinically#ignificantilifferencetbetween#measurementitechniquesthavingfhflessithan# 09

degreettlifferencetbnly#l 8.3%#HndH#l 5%bfthettimeHfor#ighttand#teftitanines#espectively.#

Clinical Applications

# The#ollowing#isthtpresentationtbfitlinicalitasesidentifiedthsthavingfmaxillary#
transversettleficienciestthrough#onventionalilinicalfmethods.fhetbuccolingual#
inclinationstbfmolarsthnd#aninestbfieachitasetiverethssessedibeforeftartingttreatment#
andibimonthstafter#apid#naxillary#expansionfisingtboth#BCT#huccolingual#
measurementfmethods.fhefintentionfis#toflemonstratethowithesetbinalysesthidfin#
identifyingtthe#keletaltand#tlentalftomponentsibftmaxillaryttonstrictionsprior#o#
treatmentind#fitheytlemonstratefimilarithangestintbuccolingualfinclinations#following#
maxillarytexpansion#freatment.#hethormsibresentedibyistreitiet)al. *#Figuret8.12)Hori

the#CWRU#ransversetanalysistivilltbe#eferred#tofbstturrentlythormative#tiatathasthot#
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beenileveloped#forithetAlbertatbS#ransversethnalysistpresentedntthistpaper.#he#
changetinibuccolingualfinclinationstteenfrom#pre®xpansiont#ofpostEexpansionfivas#
comparedibetweentinethods.fThe#asestshown#iveretireated#vith#simultaneousthinterior#
maxillarytbonding,#ull#nandibularfrchibondingtand#nsertionibfththyrax#fortsemiTapid#
expansion.tHyrax#hppliancestivere#femovedthftertbimonthsfrom#insertionthtivhichipoint#
progress#eBCT#magesHiverettaken.#BuccolingualfinclinationstbfHirstimaxillary#nolarstvil l#
onlytbetliscussed#forithe#following#asesthsthetbost®expansion#tecordsitakenthtib
months#bfireatmentilothotirepresentitompletiontbfibtheritreatmentigoals,butibest#
reflectithefthangesteentinffirstimaxillaryfnolars#mmediately#ollowingthyraxtexpansion.#
# PreXreatmenttmaxillary#irstinolarfinclinations#foritase#1£Figuret8.13)tare#
shown#infTable#B.7,#the#ightHirstinaxillarytinolarivast88.5°thnd#hefleftfirstinaxillary#
molar#ivas#08°. Comparingtthese#fotCWRUthormativet/alues#Figurei.12)#evealstthe#
right#maxillaryfmolarfivasffinguallyfinclinedtpreXreatment.tHowever, fthe#leftinaxillary#
molar#vas#laredibucallytbeyondthormativetvaluesthndfvasitillinrossbitefupporting#
thetheed#foritkeletal#xpansionfivithtisetbfththyrax.#Postareatmentibuccolingual#
inclinations#f#89.1tand#.06.8#or#ightthnd#eftHirstimaxillarytinolars#espectively#
demonstrateththonXlinically#ignificantibuccolingualithangefiviththyrax#treatment#
suggesting#thetinajorityibfthetshortermi#kexpansionthchievedtivas#keletalfvithibodily#
movementibfithetinaxillary#nolars#ather#thantbuccal#laring#Figuret8.14).#lhe#
buccolingualfinclinationfhangetseenfiviththyraxitreatmenttneasuredibyi#hetlbertatbS#

transversetanalysististsimilarfo#he#thangetshown#ivithithetc WRU#neasurementshvith#
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onlyt#fl R #hange#thatlisthotitlinically#ignificantiind#ould#implytbefattributedio#
measurementferror.#

# ThetbrexreatmentifCWRU#buccolingualfinclinations#forttasef2#Figuret8.15)#how#
the#right#Hirstiaxillary#molarfivasibutsidetthethormative#ange,thucallyftompensated#for#
attkeletalileficiencyfivith#infinclination#bf#il07.4° whereas#the#leftffirstinaxillaryf#molar#
wasHvithin#thethormativettange#it#9.0°.#ollowingthyraxt#xpansion#Figure#8.16),Hboth#
molarstended#ipfivithinththormative#fangeti®9.7°nd#98.6°Hor#ightiand#eftimolars#
respectively.#lhistlemonstratedthotibnlysuccessfulibkeletal#expansiontbuttantbctual#
improvement#intthetbriginally(ftompensated,tbucally#lared#ighttnaxillarytnolarfvhich#
mayibetexplainedtby#ariabilityinthppliancettnanufacturing, Hittingthnd#tementation. ##
The#lbertatbSHransversetanalysistbuccolingualinmeasurementstalso#teflected#his#
reduction#eentinithetbuccolingual#inclinationtbfthe#ight#irst#naxillary#nolar#ollowing#
hyrax#treatmenttalthough#thethagnitudetbfithangefivasttlifferenttbetween#thettwott
methods.#heflifferencestbeentbetweenithe#ightibndfieftinolarstinftesponseto#
expansionttouldibetlue#otvariabilityfandsymmetryfinithefizerticalipositiontbftmolar#
bands#titementationibrisimplyttiuettotneasurementierror.#

# Theffinal#tasetpresented#FigureiB.17)tbeganfivithtpreXreatmenttbuccolingual#
inclinations#that#indicated#het#tight#firstimaxillarytnolarfvas#linguallyfinclinedtpriortto#
treatment#ti®3.5°nd#thetteftimaxillaryfmolarfivasivithinithethormative#tange#ti99.7° . #
Followingttreatmentibuccolingual#inclinationsfincreased#o#99.4°Hor#he#tightt#nolarinto#
athormativettangefind#06.6°#or#the#leftindicatingtbuccal#laringtthatfvastpotentially#

the#resultibftbverexpansiontastseentiniFiguret8.18.4Both#molars#ippedibucallythboutb®
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and#h#imilartinagnitude#increasefintbuccolingualfinclinationfivastalsoshown#vithithe#

AlbertatbS#ransversettechnique.t#

Discussion

H Orthodonticthssessmentiind#treatmenttbfimaxillary#ransversefleficiencies#
focusestbnitenteringfeethfbbovettheirtbasaltbonefiprightfivithiniheflveolusfivhile#
establishingthroperfintercuspationtind#oordinationtbetweenttheflentaltarches.#
Therefore,#hroperttliagnosistbfthettransverseflimension#involvesfidentifying#he#
presencetbftientaltompensations#esultingfromffaws#hatilothot#telatefvellotbach#
other®® #iVhenimaxillarytmolarstaretexcessivelytbucally#flared#tottompensateffor#
maxillary#onstrictions,#he#tingualttuspsthangibelowithetbcclusaliplanetexaggeratingthe#
curvetbfVilson®’ fhisttantteadtto RILOMiscrepanciestthativerticallyttlistractithett
condyles®® t#tausetperiodontaltstresstaind#ecession*’tnd#esultinvorkingthndthon9
workingtsidetinterferences#thattmay#teadttofincreasedtnasticatorytmuscletactivity>°
Since#fransversetfmaxillary#keletalfand#lental#vidthsthndtinandibularilentalfvidths#an#
betbrthodonticallytinodified, #tds#mportant#otbetbbletfofidentifytlentalfompensations#
totimprove#liagnosticthccuracythnd#effectivenesstbftmaxillarytxpa nsion#freatment?”.#

H With#he#increased#linicaltutilizationtbft8 D#magingfndthigeneralthwarenessibf#
thethigher#tadiationthssociated#vith#tstise, #ittbecomesthecessaryfoileveloptnd#
validate#8D#nalyses#hatiid#ntuantifyingfmalocclusionstandimprovetbrthodontic#
diagnosisttofustify#CBCT#ise.fheretisspeculation#hatdCBCT#magingtaytprovide#

information#that#esultsinfenhanced#liagnosistandimprovedbility#fottlefinetfransverse#
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deficienciestbutihftackibfitlinically#validated#BDinalysestthatilemonstratefuperior#
accuracyitonstrainstthettisetbfi BCTihsth#foutinettliagnosticitool .#

# Thistpresent#tudytbimedftilevelopingtinditestingfthetteliabilityibftathovel#BD#
analysistforfhssessingflentalitompensationstbyfneasuringfmolariandianine#
buccolingualtangulationstby#ullyftilizing#thet8 Dfhaturetb fHBCTHicom#mages.Our#
findingsiverettompared#otaniexistingfiransversefhnalysistthatiised8D#magesHori2 D#
buccolingualtneasurementstbnitruettoronal#ections,#hetCWRU#ransverse#

..2,16,17,25
analysis™ ™"

HThethAlbertatbS#ransversethnalysistbresented#lemonstrated#xcellent#
reliabilityf{refer#to#teliability#thapter),butHvastbtatisticallysignificantly#lifferent#from#
the#WRU#buccolingualthngulartmeasurements#forfllthssessedteeth.fhe#ealiirection#
of#thosetthanges#is#tmpossiblettoHfiguretbutvithoutthteferencetstandard#o#
demonstratefideal#position.fhis#tatisticalilifferencettantmainlytbefbttributedtoithe#
different#teferencefplanestutilizedbythettwotmethods.#onsideringtitlinically#
significant#lifferencefbfibnlyflOtlegrees, flltneasurediteeth#xceptinaxillary#anines,#
didthoti#lemonstratettlinically#ignificant#lifferencestbetweentinethods.f#Mandibular#
molaribuccolingualtangulartmeasurementsitlifferedibetweenithettwotmethodstbyibnly#
2B#legrees.#heseffindingstarettonsistentivithithosetbfihewinvanakitkuliet)al. ™ #
where#thethpproach#totinandibularimolarstivasthotexactlytperpendicular#otthe#
buccolingualtplane.#8hewinvanakitkul'®#tompletedthbilotibtudyiottomparetthett
perpendiculartbuccolingualthpproachiandthiparallelitothetinidlinetbpproach,tbribitruett

coronal#ection,aicknowledging#thattnesiodistaltinclinationtand#otation#villinfluence#

buccolingualtingulationfivhen#itfisthotihssessed#xactlytperpendicularttoithe#
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buccolingualtplane. #heiripilotistudytidentifiedibitlifferencetbfibnlyRlegrees, #imilar#o#
the#lifferencetseentbetweenithettwoitomparedtinethods#in#histstudy,#vhichisthot#
clinically#ignificant.#

H fhe#targestilifferencetbetweenttomparedtinethodstvasthoted#ortboth#naxillary#
caninestt#l 391 5#legrees.#Maxillary#aninestiveretthetbnlyfeeththssessed#ivithithe#
CWRU#ransversefhnalysisfinfivhich#the#tooth#vasthpproached#perpendicularitofthe#
buccolingualtplane,ametbsithethpproachiotbllteethvithithethewlythroposediB D#
volumetrictinethod.fAlthoughthpproach#o#hetooth#ivastsimilar Hve#eetthettargest#
difference,#vhichi#antbethttributedfotthelifferent#eferencetplanestitilizedibetween#
methods.#Thet8BDiartesian#oordinatetkzPlanefivasitlifferentfromithetCWRU#Nferior#
borderibfthethasalttavity#referencetplanetbythbouttl S#egreestivhen#thettaninetis#
viewed#perpendiculartotthetbuccolingualiplane. #Maxillaryfnolarstlemonstrated##
differencetbfthbout# Bitlegreestbetweenithettwomethods,#vhich#vasttieemedhot#
clinically#ignificantiind#tanibefexplainedibyibothithelifferentthpproachesttofthese#
teethtind#thefflifferent#eferencetlanestisedibetweenthettwotmethods. #t#istpertinent#
tothotefthatfiviththotstudiesttofsupportithettlinicalivaliditythnd#fccuracyibfibither#
method,#he#ruetpositionibfitheteethfisttinknown#indthencefitisttinknown#ivhich#
measurement#nethod#istloser#o#hetbnatomical#ruth.#

# Thet#three#linicalitasestpresentediiemonstrated#ariable#fesponsestlthough#
treatmentthpproachestiveressimilar.#histtantbettluettoflzariabilityfinthges, #ariabilitytbf#
relativefierticaltpositionibfthetementedibandstind#uturalimaturationtatithetfimetbf#

hyrax#xpansiontsuch#hatilifferentttkeletali&xpansion#tesponsestbccurred. Htfst
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pertinenti#fo#fecognizethat#thesetwotbuccolingualthnalysesbnlyitieterminettlental#
angulations,#hey#lothotilirectlyf#measure#keletal#esponsetbrijuantifytthetextentibfta#
skeletal#leficiency.#

# The#AlbertaibS#ransversethnalysistpresentediinihiststudy#ivastiniquefinithat#
previously#lescribed#CBCTHransversethnalysesHor#ssessingtbuccolingualtiental#
compensationsthssociated#vith#naxillary#transversettleficienciesthavetbeen#timited#o#
2D#neasurementstbfifruettoronalibections™ " *Theretbrethotbreviouststudiestthat#
propose#iBDitransversefbnalysisithatfullytutilizest8 Dilatathnd#pproachesithetteeth#
perpendicularfo#thetbuccolingualtplane.fhetniversityibftPennsylvaniathasievelopedi#
CBCT#ransversefhnalysistthatthssessedfaxillaryfandfnandibular#keletaltbasalfvidths#
buttthisthnalysistasivellibnlytutilized#2 D#oronal#lices, #ecognizingfthe#limitationstbfthot#
evaluatingtlices#thatthretperpendicular#fo#thethlveolustbeingidentified#forfandmark#
placement” #nitialfandmark#dentification#vithithetAlbertatbSttransversethnalysistis#
easierithanfirawing#thefLWRU#nglestinbolphin.#However,#the#equirementibfunning#
CBCT#andmarkst#through##oftwareflgorithmiteparatefromithetprograméinfivhich#
landmarks#arefactuallyfidentified#niloestmaketthe#lbertaibS#ransversefnalysistmore#
timettonsumingfindttumbersometthan#hef{WRU#ransversethnalysis.#integrationbf#
thettleveloped#nalysisthlgorithm#ntoBDiprogramiisedforfandmark#identification#
would#make#isetbfthethewlytproposeditechniquetnoretpracticaltand#friendly#or#
clinicians.#

H Varioustbther#tudiesthavetproposediBD#oolsHfortbuccolingualtmeasurements#

andthavetised#everalilifferentthorizontal#eferences#planestincludingtpalatal , #
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mandibulartandibcclusaltteferencetblanes® .#Nithigrowthianditreatment,thangesttot
these#teferencetplanesttanitompromisetthetalidityibffooth#inclination#
measurements>.#Astattesult,tantaccuratetandierrorifreettechniquetfori8Dibuccolingual#
measurementsthas#yetitotbetbroposed.fheiBD#keletal#referencetplanetisedéintthe#
developmentibfithe#AlbertaibS#ransversetnalysisthlthoughthastbeenshowni#otbe#
accuratethnd#teproducible® #itsttabilitytbvertimefinttesponsettoigrowththastyetitotbett
examined.#Thetsuperior#focationtbfithe#fliskeletal#fandmarks#hatiestablished#buri8D#
maxillary#eferencedplanettanipotentiallyimplyihistBDimaxillary#eferencetplanefistnore#
stablefbveritheftoursebfiireatmentithanibtherthorizontal#teferencetplanestthattre#
closer#otthettkeletaliandttlentaliinits#thatthretbeingthlteredfvithibrthodonticitreatment#
buttthe#tabilitytbfitheseftkeletalftandmarksthas#yetiotbetverified.#

# Although#thisthovelitransversefnalysisHully#itilizesithe#8 DipotentialibfHBCT#
imagesthnd#ipproaches#eethiperpendiculartoitheirtbuccolingualtplane, ftitannotibe#
concluded#that#itithisthnalysisimprovestjuantificationtbftbuccolingualfinclinations.f#tthas#
beenhowni#obetteliabletbutfutureftudiesthrettequirediotbssessithethccuracyfnd#
clinical#alidity#bfitstisetbstivellthsithetstabilityibfithetBDimaxillary#eferencetplanetbver#
time.fThethccuracyibfithetAlbertatbS#ransversethnalysisitouldibettonfirmediby#
developingthimethod#fottomparetottiryskullitraniometrictmeasurements#imilar#otthat#
described#byﬂ'ong#t’t)al.fz.ﬂ'heir#ttudy#nvolved#Jse#)f#ra nsparent#plasticthnatomic#
typodonttaxillatandtinandiblefivith#syntheticteeth#ind#tainlesstteeliballstplacedib#
cuspi#ipsthndthpices,#mountedibnibirythumanitskull. fhetbility#fotompare#o#t

craniometrictineasurementstivould#llow#onfirmationbfithethccuracybfithisthewly#
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proposedimethod.fAlong#vith#tonfirmingthccuracythnd#alidity, #urther#fesearchiis#
needed#ottleveloptand#testthormativeilatathnd#hssessitlinicaltbutcomesHviththe#
diagnostictutilization#bfithisthnalysis#forjuantifyingilentalitompensationstand#naxillary#

transversettleficiencies.#

Conclusion

In#his#tudy#vettievelopedththoveliB D#nethod#orthssessingtbuccolingual#
inclinationstbfttnandibularfandfmaxillaryfnolarstand#aninestbnbBDiCartesian#
coordinate#ystem, tutilizingth#8 Dimaxillary#eferencetplane.iExcellent#eliabilityfbfithe#
method#vasttonfirmed,butitheretiveresignificantitlifferencestbetweentthisthewly#
proposedinmethodtind#thethlready#lescribed#£WRUHransversetinalysis, #httributedio#
thetisetbfilifferent#teferencetplanes.fAlthoughtaccuracyfnditliagnosticttlinical#
applicabilityfistyetotbe#tudied, #histmethodibffersthtpromisingtbtep#forwardfin#
justifyingtthetiset8 D#magingtby#ully#itilizing#the#8 DipotentialibfH-BCT#magesHvhich#
may#potentiallyftead#otimproveditliagnosistand#noreteffectivefreatmentibutcomes.H#
#

#
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Appendix

Table#8.1#-#Avizo#andmarkiDescriptions#Refertto#hapterithppendixHoritietailed#
images)#

1 Nasion#
2 Right#infraorbital#foramen#
3 Leftinfraorbital#foramen#
4 Incisive#foramen#
5 Maxillary#ight#*#nolartpalatal#oottpext
6 Maxillary#ight#l*#nolartpalataltuspitip#
7 Maxillary#teft#l “#olartpalatal#ootihpext
8 Maxillary#teft# “#nolartbalataliuspip#
9 Maxillary#ighttaninethpex#
10 Maxillary#ightitaninettusp#ip#
11 Maxillary# eftitaninethpex#
12 Maxillary# eftitaninettuspiip#
13 | Mandibular#ightf*#nolarfnesial#foottapext#
14 Ma ndibuIar#ight#&“#nolar#:entral#groove#
15 | Mandibular#ieft#  #molartmesial#foottpexti
16 Ma ndibuIar#eft#ﬂ“#nolar#:entral#groove#
17 Mandibular#ightitaninethpex#
18 Mandibular#rightitanine#usp#ip#
19 Mandibular#feftitaninethpex#
20 Mandibular#eftitaninettusp#ip#

#

#

Figure#B.1:#BD#artesianttoordinatetbystemiestablished#isingtttkeletalfandmarks,#
nasion,tbilateraltinfraorbitalforamentind#incisivefforamen.#
#



UL

A

#

. C
FiguretB.2 #rontal#A),Lateral#B),thnd#isometric#C)#iewstbfithetreferencetplane.#

Tablei8.2:#Axialviewstand#lescriptionstbfithefadditionalfandmarks#equired#otbrientth#
buccolingual#measurementtplane#forteach#tooth.#

#
Tooth Description Axial Image
Maxillary first Adjacenttbuccalitortex,# .
molar between#usp#iptnd#
(Bilateral) apex,ttentered#elative#
to#thettenteribfithe#
tooth#from#thethxial#
view.#
Maxillary Adjacenttbuccalitortex,#
canine betweeniuspiiptand#
(Bilateral) apex,tentered#elative#
to#thettenteribfthe#
tooth#from#thethxial#
view.#
Mandibular Mosttbuccaltportionibf#
first molar the#fooththt#thetfoot#
(Bilateral) trunk.#
Mandibular Adjacenttbuccalitortex,#
canine betweenfuspiiptand#
(Bilateral) apex,fitentered#elative#t
to#thettenteribfithe#
tooth#fromithethxial#
view.#
#
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Reference Line

Tooth Line "

Figure#8.3.fhetteferencetlinethnd#ooth#linetaretthown#ortthetaxillary#ightHfirstinolartalong#
thetbuccolingualiplane.fhe#eferenceflinefisttakenthsithetintersectionbfithetteferencetplane#
and#oothiplane.fhe#ooth#inefisitreatedibyextendingthftinetbetween#thetpalatal#ootthpextbnd#

palatalituspt#tipibfithettooth.#
#

#

H

Figure#8.4.fihetbuccolingual#toothiplanefrom#vhichtaingularimeasurementstverettaken.#
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FiguretB.5:#Measured#buccolingualfangletbetween#theflongtaxistofeach#toothfand#the#
referencefiplanetalong#theffestablished#buccolingualtiplane#ffortieach#tooth#A.)#Maxillary#
right#firsténmolarB.)iMaxillary#ightianinei.)#Mandibular#ight#irstimolariD.)#Mandibular#

rightttanine.#
#
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. .
Al 8. .4 HitHH

; . .
D. HE. #. H#

Figuref8.6:#{WRU#tandardized#CBCTH#mageibrientationtprocedure.f.)#nithetbagittal#
view,novetthettross#totANSIB.)#intthethxialtiew,tnovetthetredverticalfinettotbisect#
ANSIL. )#in#thetsagittalview, fnovetthetgreentvertical#finettotbisectithetvertebraetD.)#in#
thettoronal#/iew,#movetthetbluethorizontalflinetlown#otbisectthtlasiE.J#int#thethxial#iew,#
movetthet#ted#erticalftinettotbisectibdontoidtprocessiF.)Rotatetthetslicethround#

odontoid#rocesstottheted#inetbisectstANSHsHvell#
#

A) i) i) S

#

Figure#.7:#£WRU#maxillary#l*‘#molar#inclinationmeasurementA.)# ocatetthetpalatal#
root#inthxial#iewtB.)#intbagittal#iew,positiontthettoronalilicefinethlongithe#ongthxist
(mesiopalatalitusp#ipttotpalatalttoottbpex)iC.)#inttoronaltiew, tirawithetteferencetline#
tangent#ofinferiortborderibfithethasalttavitytthentmeasuretthetinclinationfthrough#the#

longthxistbfthefnolar.#
#
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A.) 8.)
#

Figurei8.8:#{WRU#maxillary#anine#inclinationfmeasurement#A.)ocatettheftaninefin#
axial#iewthnd#otatethefimagetbotthetverticalfineftepresenting#hetsagittaliblanesis#
tangent#o#fthetbuccalftorticaliplateB.)#ntbagittal#iew, dosition#hettoronal#licettine#
alongttheffongtxistbfithettoothif.)inftoronal#iew, #rawtthe#eferenceflinettangent#o#
the#inferiortbordertbfithethasalitavitythentineasure#fhetinclination#through#the#tongtxis#

oftthettanine.#
#

#
#
#

77.6 mm

A)
#

Figure#8.9:#£WRU#nandibular# *‘#molarinclination#measurementt.)# ocate#thetnolar#in#
thethxial#iewB.)#in#thetsagittal#iew,tposition#thettoronalilicefinethlongithettongthxistbf#
thettooth{mesialitusp#ip#otesialtrootthpex)iC.)inthettoronal#iew, #tirawthtteference#
linettangenti#o#thetinferiortbordertbfithetmandibletthenfmeasurethetinclination#through#
the#ongthxistbfthettooth.#

#

#
#
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78.6 mm

A.)
#
Figuref8.10:#CWRU#nandibular#aninefinclinationfmeasurement#A. ) ocatetthettaninefin#
thethxial#iewB.)#in#thetsagittal#iew,tpositionthettoronalilicefinetblongithettongthxistbf#
the#footh#cuspitipttoftootthpex)iL.)#nttheftoronaliew, Hrawth#teferencestinettangentito#t
the#inferiortbordertbfitheinandiblethenfmeasuretthe#inclination#through#the#ongthxis#
of#the#tooth.#

i)

H OH O H

Table#B.3:#Descriptivetstatistics#neasured#iniiegrees.#Mean, tandard#leviation, #nean#
errorfind#®5%#tonfidencetintervalsibfthbsolutettlifferences.tRelativetlifference#isi8D#
volumetricHHEWRU#ransversethnalysis.#  #

# Absolute# | Standard# Standard# 95%iCI#ower# | 95%I#)pper# | Relative#
Mean# Deviation# Errort Boundi# Boundi# Mean#
Difference# Difference#
URG# 7.98# 3.75# 0.48# 7.00# 8.93# 7.91#
UL6# 7.78# 4.58# 0.594# 6.59# 8.96# 7.29%
UR3# 13.93# 6.12# 0.79# 12.34# 15.51# 13.93#
UL3# 15.96# 6.80# 0.88# 14.21# 17.72# 15.90#
LR6# 2.74# 2.00# 0.26# 2.22# 3.26# 91.09#
LL6# 3.08# 2.24# 0.29# 2.50# 3.66# D.424
LR3# 5.30# 3.86# 0.50# 4.30# 6.29# 0.78#
LL3# 5.74# 4.46# 0.58# 4.594 6.90# D.91#
#
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Normal Q-Q Plot of Mahalanobis Distance

30.01

20.01

Expected Normal Value

10.01

o

-5 T T
-10 0 10 20 30 40
T
Mahalanobis Distance
A. B. Observed Value H

Figure8.11:#Boxiplot#A)tandiNiplot#B)tbfithetMahalanobistlistancetbfithethbsolutett

differencetbetweentmethods.#
#

#
#

TabletB.4:#Paired#observationstinultivariatettestitesults.#

Effect Intercept Value F Hypothesis df Error df Sig.
Pillai’sf race# .953# 132.3454 8.0004# 52.000# .000#
Wilks'#ambda# .047# 132.3454 8.0004# 52.000# .000#
Hotelling’sfllrace# 20.361# 132.3454 8.0004# 52.000# .000#
Roy’s# argestiRoot# 20.361# 132.3454 8.0004# 52.000# .000#
#
#
#

Table#8.5:H eststbftbetweenibubjectieffects, HinivariatetANOVAs.#

Dependent Type 11l Sum of df Mean F Sig.
Variable Squares Square

URGdiff#| 3806.5394 1# 3806.539# 270.6404# .000#
UL6diff#| 3629.9344 1# 3629.934# 172.756# .000#
UR3diff#| 11635.268# 1# 11635.268# 210.5934# .000#
UL3diff# 15289.1144 1# 15289.1144 331.0564# .000#
LR6diff#] 450.2114| 1# 450.211# 112.211#4 .000#
LLediff# 569.551# 1# 569.551# 113.461# .000#
LR3diff# 1682.2904# 1# 1682.2904# 113.1404 .000#
LL3diff# 1979.4124 1# 1979.4124 99.5434| .000#

#

#

#
#
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#

Table#B.6:#requencyfivithivhichithetwofmeasurementtinethods#liffered#tessithan#lO#

degrees.#
Tooth No. of cases where both Frequency
methods differed less than 10
degrees
Maxillary#ight#firstimolarf UR6)# 43/60# 71.7%#
Maxillary#eftifirsttmolarfUL6)# 38/60# 63.3%#
Maxillary#ight#anine#f UR3)# 11/60# 18.3%#
Maxillary#feftitaninefUL3)# 9/60# 15.0%#
Mandibular#ight#irstimolar#LR6)# 60/604# 100%#
Mandibular#teftffirstinolarfLL6)# 59/60# 98.3%#
Mandibular#ighti#tanine#LR3)# 52/604# 86.7%#
Mandibular#teftitanine#LL3)# 51/604# 85.0%#

Figuret8.12:#£WRU#ransversefbnalysisthormativef/alues#

CWRU’s Transverse Analysis

Maxillary Canines
104+5 Degrees

Maxillary Molars
100+4 Degrees

Mandibular Canines Mandibular Molars

97+ 3 Degrees

77 x5 Degrees
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FigureiB.13:#asefi#initialitompositetexhibitingibilateraltposteriorirossbite#
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Figure#B.14:#aseflibmonthiprogressthfterthyraxttemoval . #
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Figure#B.15.#asef2#initialftompositefexhibitingtbilateraliposteriorirossbite. #
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Figurei8.16.i#Casef2#bimonthstprogresstafterthyraxitemoval, faxillary#posterioribrackets#
wereiblacedtatitimetbfthyraxitemoval.#
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FiguretB.17:#ase#B#nitialitompositetexhibitingibilateraltposteriorirossbite#
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Figure#B.18:#aseiBibtmonthstprogresstafterthyraxttemoval#

O OH T O F ¥ O H T T T T O X
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#
#

Tablei8.7:#rethnd#ostthyraxtexpansiontbuccolingualfinclinations#ivithiboth#
measurement#echniques.#

Case#| LandmarkiName# CWRU# | Avizo# | 6mo# 6mot MEWRU# | AAvizo#
CWRU# | Avizo#

1# Max#ight#firstbnolar{UR6)# 88.50# | 96.76# | 89.1# 95.32# 0.60# 91.44#
1# Max#eftHirstinolarfUL6)# 108.00# | 105.23# | 106.8# | 107.34# 91.20# 2.11#
1# Max#ightianine{UR3)# 107.90# | 119.58# | 111.5# | 118.40# 3.60# 91.18#
1# Max#eftianine{UL3)# 124.10# | 121.98# | 111.1# | 120.78# 913.00# 91.21#
1# Mand#ight#firstémolarf{LR6)# 68.70# | 74.96# | 69# 69.81# 0.30# %.15#
1# Mand#eftHirstinolar{LL6)# 61.30# | 71.91# | 67.3# 67.85# 6.00# A.06#
1# Mand#ight#anine#{LR3)# 96.00# | 94.28# | 99.6# 100.00# 3.60# 5.72#
1# Mand#eftianine#LL3)# 96.10# | 101.394# | 88.9# 94.21# 97.20# 97.18#
2# Max#ight#firstbnolar{UR6)# 107.40# | 111.96# | 99.7# 107.72# 97.70# N.234#
2# Max#eft#firstinolarfUL6)# 99.00# | 106.90# | 98.6# 104.55# D0.40# D.36#
2# Max#ightianine{UR3)# 98.00# | 115.22# | 110.6# | 122.93# 12.60# 7.71#
2# Max#eftianinefUL3)# 86.70# | 115.62# | 98.2# 121.00# 11.50# 5.38#
2# Mand#ight#firstémolarf{LR6)# 78.50# | 78.71# | 78# 74.75# 90.50# B.o6#
2# Mand#eftHirstinolar{LL6)# 86.30# | 83.26# | 79.1# 76.19# 97.20# 97.07#
2# Mand#ight#anine#{LR3)# 99.80# | 96.64# | 97.6# 95.30# D.20# 91.34#
2# Mand#eftianine#LL3)# 92.60# | 91.89# | 92.6# 93.76# 0.00# 1.88#
3# Max#ight#firstbnolar{UR6)# 93.50# | 100.394# | 99.4# 107.21# 5.90# 6.82#
3# Max#eft#irstinolarfUL6)# 99.70# | 105.21# | 106.6# | 109.91# 6.90# 4.70#
3# Max#ightianine{UR3)# 113.40# | 126.42# | 104# 118.96# P.40# 97.46#
3# Max#eftianinefUL3)# 108.50# | 126.43# | 104.7# | 123.15# B.80# B.28#
3# Mand#ight#firstémolarf{LR6)# 73.40# | 74.22# | 68# 67.17# %.40# 97.05#
3# Mand#eftHirstinolar{LL6)# 69.40# | 74.70# | 72.1# 74.64# 2.70# 90.06#
3# Mand#ight#anine#{LR3)# 95.00# | 93.79# | 89.1# 90.14# %.90# B.65#
3# Mand#eftianine#LL3)# 95.30# | 96.41# | 88# 92.02# 97.30# A.39#
#

#

#

#

#

#

#
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General Discussion & Major Conclusions

Discussion

# This#tesearchiprojectibegan#ivithibiplanttoieveloptbthovelBDianalysisiimilario#
thetpreviouslytlescribedf£WRU#ransversethnalysis#hat#measurestbuccolingual#lental#
inclinations but#vith#thetfintentionbftbvercomingtthe#timitationstbfithistexisting#
transversetanalysis.#T hetmain#limitationstidentified#ntthe#CWRU#ransverse#inalysistare#
thettoncern#for#identifyingthftabletand#eliablet#sourcetbftreferencetfotletermine#
buccolingual#inclinations.#Also,#neasurements#vereftonducted#romi2 Dioronal#lices#
rathertthantpproachingieethiexactlytherpendicularitothetbuccolingualtplanetbfithe#

longthxistbfteach#footh.herefore#herefisthoticompleteftisetbfithethvailableBD#

information.#

#

Three#tesearchibbjectivestiveretproposedHorithisthesisths#follows:#

#

Objective)#1:))Reliability)Assessmenti
a.))To)identify)and)assess)the)repeatabilityJand)reproducibility)of)dental)and)skeletal)
landmarks)on)three-dimensional)images)that)will)be)used)to)establish)3D)reference)and)
measurement)planes)in)developing)a)novel)transverse)analysis.)

)

# Of#the#l6#lentaliand#tkeletalfandmarksthssessediisingtMPR#iews#indBD#
reconstructions,tll#lemonstratedigood#otexcellentintradxaminertand#inter®xaminer#

reliability.fThefmeanierrorsitlidthotiexceedmm, #uggestingithatithetvariability#hatfvas#
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presentibetween#timetpointsortbibingletbbservertindibetween#threettlifferent#
observers#iverethot#linicallyfelevant.#hesetfesultstsupportithatithe#fandmarks#

identified#ottleveloptburthovel#8Dtinalysisttantbethdequatelyfisualizedibn#BCTH

images.#Vith#elativelyfeasily#identifiablelandmarks#the#AlbertatbSHransversefAnalysis#
canibetteliably#tandardizedimongitlinicianstafterthppropriateftrainingthnd#
familiarizationbfthetisetbfiMPR#iewsthnd#BDisurface#tenderingsito#identifyffandmarks.#
Sincettliniciansthretbnly#equired#ofidentifyfthetpointfandmarks#vith#histhnalysistvith#
the#teferencetplanettonstructiontalong#vithibuccolingualthngulationineasurements#
beingitompletely#arriedibutdvithibitomputerthlgorithm, #ititantbetleducedithatithe#

AlbertatbS#ransversefAnalysis#thouldibefatinore#eliablethnd#eproducibletmethod#o#

identifytbuccolingual#inclinationstbffeethitompared#otmethodstivheretteferencetplane#

identificationtindtbuccolingualtineasurementsthrefgeneratedibyithetbperator.fraining#

time#to#familiarizeteachitlinician#fofisefthetboftwarethndiproperlyfidentify#the#
landmarks#vasttelativelytminimalthstandmark#tiescriptionstivereteasyfofollowtind#he#
image#anipulation#techniquestvithinthe8D#magingioftwaretmade#titelativelyieasy#
totpreciselyfidentifytthefandmarkstbeingttiescribed.#However,#hethlgorithm#vouldtheed#
totbetincorporatedfintottommercial#oftware’sttofimprovetbasetind#friendlinessibfiise#
forttlinicians.#

#

b.))Reliability)of)the)dental)and)skeletal)landmarks)will)be compared)to)the)reliability Jof)

angular)measurements)obtained)using)the)existing)CWRU )transverse)analysis.)

)
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# Of#theB#CWRU#Ngularimeasurementstassessed#from2 D#licestbfBDiEmages, tll#
demonstratediexcellenttintraexaminer#eliabilityfvith#neanterrorsttessithani2®.
Although#interSxaminer#eliability#forithe#tCWRU#ngulartmeasurements#tangedfrom#
poor%ood,#meanterrorsitlidthotiexceedh.9° whichibuggeststthistinter®observerfariation#
maythotibettlinically#ignificant.#

# ItHvastpredictedithatithetCWRU#eliability#valuestmaythotibetbsthigh#stthe#lbertaibS#
TransversefAnalysisthsthaturallythngulartmeasurementsthaveinherentfincreasedterror#
becauseBitlifferentipointstbritwosbeparatetlines,fllfvith#heirtbwn#variability, #nustibe#
identified#o#treateth#inglethngle.#Alsofidentificationibfithe#teferencetplane,fparticularly#
the#inferiortbordertbfithethasalitavity,tbecomes#airly#bubjectiveiiue#fothnatomical#
variationsfin#the#hapetbfithefinferioribordertandflifferentibbserverfinterpretationstsio#
where#thetftangent#eference#linetshould#all . H#

)

Objective)#2:)To)develop)a)novel)3D)transverse)analysis)that)identifies Jthe )buccolingual)
inclinations)of)maxillary)and)mandibular)first)molars)and)canines)using)a)oreviously)
described)3D)maxillary)reference)plane)for)angular)measurements.))

#

H Thetbasistbfilevelopingtthisthew#transversethnalysistivas#ottitilizeth#B Diartesian#
referencetystem#ottievelopthtrulyBDibasedtneasurementtinalysistbftbuccolingual#
inclinations.#The#fimitationsibftmaking2 D#neasurementstbnitoronalilicestbri
approachingtteethiparallelo#thetinidlinefforfidentifying#iransversetbribuccolingual#

dimensionsthasibeenttliscussed#hroughoutithis#hesisthstmesioAistal#iptnd#otation#

95



does#ffectithetbuccolingualtangle. #fherefore, iBD#ransversetnalysisthastthetpotential#
totbffertvisualizationtind#fidentificationfddvantages#vhiletpotentiallyimprovingfccuracy.#
Intbrder#otestablishtb#feproducible#eference#ystem#oriBD#mages,anthnatomicoxel#
based#artesianfoordinatetbystem#vastisediotthatibuccolingual#inclinationsibf#
mainIary#and#nandibuIar#nolars#bnd#tanines#touId#be#dentified.#_emiuex#t’t)al.23#
previously#lescribed#he8 D#naxillary#eferencetplanetitilized#astbeingthccuratethnd#
reproducible,fstablishediby#dentifyingti#teliabletaind#eproducible#keletal#fandmarks#
that#tantbefonsistentlyfidentified.#

# Intbrder#totineasurethetbuccolingualfanglesteffectivelyfniblgorithmivas#
produced#niMatLab#Mathworks,#nc., #Nantick,#MA #JSA).fhethlgorithm#tequiredithe#
inputibftheffourkeletalfandmarkstised#tolefine#thettoordinatetbystem, #ind#thetthree#
pointsilefining#the#focationibfthettooth#thefusp#ip,#ootiip,andtostibuccalioint).#
Thethlgorithmithen#tonstructs#thethnatomicallytbasedtblanestxyPlane,kzPlanethnd#yz9
plane).#AfoothSasediplaneststthenitonstructedtising#thetthreetpointstplacedibnithe#
tooth.#A#linefreferred#othsithe# tooth#line” )#stirawn#ivithinithattplane,tpassing#through#
the#oot#ipthnd#heftuspiip.fhetangletthe#footh#inetmakesHvith#itstprojectionibntotthe#
anatomicaliZilanetistthen#ineasured#sihetbuccolingualthngle.fhisistkeptionsistent#

between#llthetteeth#ineasured#in#histhnalysis.#

H Clinical#faliditythndthccuracybftthisthovelthnalysistivasthotthefintended#

objectivetbftthistbtudy,finstead#futurettesearchiivilltbettequired#tothssesstthistbofthatithe#t

analysisttanibetpracticallyimplemented#foritlinicaltise . #

#
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Objective)4#3:))To)compare)the)newly)developed)Alberta)DS)transverse)analysis)angular)
measurements)to)the)previously)described)CWRU )transverse)analysis Jfor)maxillary)and)
mandibular)canine)and)molar)buccolingual)inclinations.)

#

# When#ompared,#herefivasthibtatisticallyignificantilifferencetbetweenithe#
CWRU#nd#AlbertatbS#ransversetanalysistneasurements#fortallieeth.tHowever,inceth#
true#teferencefstandardforfidealtbuccolingualiposition#adiographicallyf#leterminedthas#
notibeentidentified#inthe#literature, #hetfealtlirectionibftanylifferencefistmpossibletfo#
determine.f#ifheftatisticalilifferencet#tanibesbttributed#othettlifferent#referencetplanes#
utilizedibytboth#imethodsthnd#thedlifferentthpproaches#to#thetteethivhentbuccolingual#
measurements#iveretbbtained.tHowever, bnlytaxillary#aninestiemonstrated##

clinically#ignificantilifference#setfasth#.0° differencethstlescribedtpreviouslytasibeing#

two#standard#tleviationstbfithethormativeflata).#nterestingly,Hortinandibular#eeth#
buccolingualfinclinations,#the#lbertaibSfransversetanalysisttompared#llifteethoth#
nasomaxillary#teferencetplanefivhereastheWRU#ompared#nandibular#inclinations#o#
atmandibular#teference#plane, tbuttinandibularimolarstind#aninefmeasurements#
differed#thefieastibetweentineasurementimethods.fhisttan#potentiallytbuggest#
mandibularilentaltbuccolingualtimeasurementsianibetbbtainedtisingthmaxillary#
skeletal#eferencetlanetinpatientsithattbhrethotibvertlytinandibularfasymmetric.#

# Withoutthtteferencetstandard,fitftannotibettoncludedfivhichinethodfistmorett
accuratethtithisttime.#nitialtandmark#identificationfivithithetAlbertatbSransverse#

analysistivasffound#totbetkasier, #equiringftessitimetthanfimageibrientationthndfmanually#
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drawingfanglestforithef WRU#hnalysis#niDolphintbni2 D#lices.#However,#the#lbertaiDS#
Transversethnalysist#tequiresthispecifictVIATLAB#oftwarethlgorithmi#tottletermine#
buccolingualfinclinations#fromithe#identified#fandmarks,#vhich#enerallytinakestthe#
AlbertatbS#lransversethnalysistnore#fimettonsumingtnditumbersome#to#ise. #deally,#
futurefintegrationibfithistleveloped#nalysisfintotaB Dimagingtprogramitised#for#
landmark#dentificationt#such#hat#he#eferencetplanetbndfingulationstanibetinstantly#
calculated#fterfandmarkiplacementivouldinaketusetbfithisthewlytproposed#echniquet

morettlinicallyfpplicable.#

Limitations

ReliabilityfTesting#

# Thetrinciplefinvestigatorfinihist#studythad#ignificantlyfmorefexperiencefivith#
usetbfthetCWRU1software, fivhereastthetbtherttwotbbserverstteceived#timitedthandstbn#t
training,#mostlyftearning#othavigate#ivithipreviously#ivrittenttlescriptionsfromithe#
creatorstbfthefWRU#ransversethnalysis. #All#bbserversthadprevioustexperiencefvith#
navigating#Avizo#imagingtoftware, tbuttalsottlidthot#eceivethandstbn#rainingtbri
calibration,#athertpoint#identificationfivasttarriedfbutibyflandmarkitiescriptions#
providediby#hetprinciplefinvestigator.iDifferent#evelsibfiexperience, itomfortthnd#

calibration#ivithithetboftware’sttised#touldthavethffectedtthettesultstbfinter®xaminertt

reliability#testing.#Potentially, #he#AlbertatbSfransversefAnalysistinitial#andmark#
identificationfmaytbefkasier#fotisefinthttloctoritlinical#ettingfinsteadibfithetheed#o#
orientiimages#intatstandardized#pproachtindf#irawingtubjectiveftines#ofidentify#

referencetplanesthnditheffonghaxistbfeethdvithithetCWRU#nalysis.#However, Hintil#the#
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Albertafiransverse#analysisttantbefintegrated#intofBDitommercial#magingtprogram, #
the#CWRU#istmoreitlinicallytpractical #

StabilitytbffReferencetPlanes#

# Fortboth#hnalyses,#vettannotitonfirmithe#eferencestplanestisedtbretbibtable#
sourceibftteferencetbverttimetivhich#tan#ignificantly#ffectineasurementstompared#
overithe#toursebfireatmentiluetfofgrowth.#Potentially,#isetbfthiB Dthasomaxillary#
referencedplanetestablished#fromitkeletalfandmarks#hat#ietsuperiorto#theftkeletalthnd#
dentaltnits#hatiivouldibetmostiaffectedibytreatmentindigrowthinaytbetnoretstable#

over#time.iStabilitytbfthese#teferencetplanesthind#fandmarksthastyettotbetonfirmed.#

Future Recommendations

* Evaluate#he#tabilityibfithetskeletal#fandmarkstisedoleriveithefBD#
nasomaxillary#eferencefplanetbveritime.btabilityvouldfideallytheed#otbe#
confirmed#otbethble#otpreciselytevaluatetbuccolingualithangestbver#thettourse#
offtreatment.fHowever,#thefffectibfigrowthibnithis#teferencetplanetivouldbett
difficult#fotstudyfinfintreated#ontrolsfvithoutibeingthblettofustify#thetisetbf#
CBCT#magingtinipatientsthot#receiving#treatment.#

* CreationibfthiBD#mandibular#teferencetplanitouldibetproposed,estedtind#
compared#totimandibularibuccolingualtineasurementstbbtained#ising#hB D#
nasomaxillary#eferencetplane#

* Tottonfirm#thetccuracyibfithetAlbertatbSHransversethnalysis,#herefivouldtheed#
totbethistudyHottompareithisiBD#olumetricinethod#tlirectly#tokull#

craniometrictneasurementsttotalidatetitstise.#
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Further#tesearch#istheeded#o#levelopnditestthormativettlatattotallow#his#
analysisttotbetised#atiinitialiliagnosist#totbetterienableitlinicians#toftonfidently#
identifyfivhich#ases#equirettkeletalexpansionfinsteadtbffustitientaliothchieve#
successful#esults.#
Afterilevelopmentibfthormativettlata#orithettliagnosticthpplicationtbfithis#
analysis,Hurther#fesearch#vould#llowtthethssessmentibfitlinicaltbutcomesthfter#
utilizationibfithetAlbertatbS#ransversefanalysisfor#liagnosistbftmaxillary#

transversetleficiencies.
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