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#

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.#
#

#
#
#

A.) 18.) i) #

#

Figure#8.9:#£WRU#nandibular# *‘#molarinclination#measurementt.)# ocate#thetnolar#in#
thethxial#iewB.)#intthetsagittal#iew,tposition#thettoronalilicefinethlongitheftongthxistbf#
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
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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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