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#

A.) #B.) #C.) #
#

Figure#3.8:#CWRU#maxillary#canine#inclination#measurement#A.)#Locate#the#canine#in#
axial#view#and#rotate#the#image#so#the#vertical#line#representing#the#sagittal#plane#is#
tangent#to#the#buccal#cortical#plate#B.)#In#sagittal#view,#position#the#coronal#slice#line#
along#the#long#axis#of#the#tooth#C.)#In#coronal#view,#draw#the#reference#line#tangent#to#
the#inferior#border#of#the#nasal#cavity#then#measure#the#inclination#through#the#long#axis#
of#the#canine.#
#
#
#
#

A.) #B.) #C.) #
#

Figure#3.9:#CWRU#mandibular#1st#molar#inclination#measurement#A.)#Locate#the#molar#in#
the#axial#view#B.)#In#the#sagittal#view,#position#the#coronal#slice#line#along#the#long#axis#of#
the#tooth#(mesial#cusp#tip#to#mesial#root#apex)#C.)#In#the#coronal#view,#draw#a#reference#
line#tangent#to#the#inferior#border#of#the#mandible#then#measure#the#inclination#through#
the#long#axis#of#the#tooth.#
#
#
#
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A.) #B.) #C.) #
#

Figure#3.10:#CWRU#mandibular#canine#inclination#measurement#A.)#Locate#the#canine#in#
the#axial#view#B.)#In#the#sagittal#view,#position#the#coronal#slice#line#along#the#long#axis#of#
the#tooth#(cusp#tip#to#root#apex)#C.)#In#the#coronal#view,#draw#a#reference#line#tangent#to#
the#inferior#border#of#the#mandible#then#measure#the#inclination#through#the#long#axis#
of#the#tooth.#
#
#
#
#
#

Table#3.3:#Descriptive#statistics#measured#in#degrees.##Mean,#standard#deviation,#mean#
error#and#95%#confidence#intervals#of#absolute#differences.#Relative#difference#is#3D#
volumetric#–#CWRU#transverse#analysis.# #
# Absolute#

Mean#
Difference#

Standard#
Deviation#

Standard#
Error##

95%#CI#Lower#
Bound##

95%#CI#Upper#
Bound##

Relative#
Mean#
Difference#

UR6# 7.98# 3.75# 0.48# 7.00# 8.93# 7.91#
UL6# 7.78# 4.58# 0.59# 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# 90.42#
LR3# 5.30# 3.86# 0.50# 4.30# 6.29# 0.78#
LL3# 5.74# 4.46# 0.58# 4.59# 6.90# 90.91#
#
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A. B. #

Figure#3.11:#Box#plot#(A)#and#Q9Q#plot#(B)#of#the#Mahalanobis#distance#of#the#absolute#
difference#between#methods.#
#

#

#

Table#3.4:#Paired#–observations#multivariate#test#results.#

Effect!Intercept! Value! F! Hypothesis!df! Error!df! Sig.!
Pillai’s#Trace# .953# 132.345# 8.000# 52.000# .000#

Wilks’#Lambda# .047# 132.345# 8.000# 52.000# .000#
Hotelling’s#Trace# 20.361# 132.345# 8.000# 52.000# .000#

Roy’s#Largest#Root# 20.361# 132.345# 8.000# 52.000# .000#
#

#

#

Table#3.5:#Tests#of#between#subject#effects,#univariate#ANOVAs.#

Dependent!
Variable!

Type!III!Sum!of!
Squares!

df! Mean!
Square!

F! Sig.!

UR6diff# 3806.539# 1# 3806.539# 270.640# .000#
UL6diff# 3629.934# 1# 3629.934# 172.756# .000#
UR3diff# 11635.268# 1# 11635.268# 210.593# .000#
UL3diff# 15289.114# 1# 15289.114# 331.056# .000#
LR6diff# 450.211# 1# 450.211# 112.211# .000#
LL6diff# 569.551# 1# 569.551# 113.461# .000#
LR3diff# 1682.290# 1# 1682.290# 113.140# .000#
LL3diff# 1979.412# 1# 1979.412# 99.543# .000#

#

#

#

#
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#

Table#3.6:#Frequency#with#which#the#two#measurement#methods#differed#less#than#10#
degrees.#

Tooth! No.!of!cases!where!both!
methods!differed!less!than!10!

degrees!

Frequency!

Maxillary#right#first#molar#(UR6)# 43/60# 71.7%#
Maxillary#left#first#molar#(UL6)# 38/60# 63.3%#
Maxillary#right#canine#(UR3)# 11/60# 18.3%#
Maxillary#left#canine#(UL3)# 9/60# 15.0%#

Mandibular#right#first#molar#(LR6)# 60/60# 100%#
Mandibular#left#first#molar#(LL6)# 59/60# 98.3%#
Mandibular#right#canine#(LR3)# 52/60# 86.7%#
Mandibular#left#canine#(LL3)# 51/60# 85.0%#

#

#

#

Figure#3.12:#CWRU#Transverse#analysis#normative#values#

#

#

#

#

#
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#

Figure#3.13:#Case#1#initial#composite#exhibiting#bilateral#posterior#crossbite#
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#

Figure#3.14:#Case#1#6#month#progress#after#hyrax#removal.#

#

#



! 88!

#

Figure#3.15.#Case#2#initial#composite#exhibiting#bilateral#posterior#crossbite.#
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#

Figure#3.16.#Case#2#6#months#progress#after#hyrax#removal,#maxillary#posterior#brackets#
were#placed#at#time#of#hyrax#removal.#
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#

Figure#3.17:#Case#3#initial#composite#exhibiting#bilateral#posterior#crossbite#
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#

Figure#3.18:#Case#3#6#months#progress#after#hyrax#removal#

#

#

#

#

#

#

#

#

#

#

#

#

#
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#

#

Table#3.7:#Pre#and#post#hyrax#expansion#buccolingual#inclinations#with#both#
measurement#techniques.#
Case# Landmark#Name# CWRU# Avizo# 6mo#

CWRU#
6mo#
Avizo#

Δ#CWRU# Δ#Avizo#

1# Max#right#first#molar#(UR6)## 88.50# 96.76# 89.1# 95.32# 0.60# 91.44#

1# Max#left#first#molar#(UL6)# 108.00# 105.23# 106.8# 107.34# 91.20# 2.11#

1# Max#right#canine#(UR3)# 107.90# 119.58# 111.5# 118.40# 3.60# 91.18#

1# Max#left#canine#(UL3)# 124.10# 121.98# 111.1# 120.78# 913.00# 91.21#

1# Mand#right#first#molar#(LR6)# 68.70# 74.96# 69# 69.81# 0.30# 95.15#

1# Mand#left#first#molar#(LL6)# 61.30# 71.91# 67.3# 67.85# 6.00# 94.06#

1# Mand#right#canine#(LR3)# 96.00# 94.28# 99.6# 100.00# 3.60# 5.72#

1# Mand#left#canine#(LL3)# 96.10# 101.39# 88.9# 94.21# 97.20# 97.18#

2# Max#right#first#molar#(UR6)## 107.40# 111.96# 99.7# 107.72# 97.70# 94.23#

2# Max#left#first#molar#(UL6)# 99.00# 106.90# 98.6# 104.55# 90.40# 92.36#

2# Max#right#canine#(UR3)# 98.00# 115.22# 110.6# 122.93# 12.60# 7.71#

2# Max#left#canine#(UL3)# 86.70# 115.62# 98.2# 121.00# 11.50# 5.38#

2# Mand#right#first#molar#(LR6)# 78.50# 78.71# 78# 74.75# 90.50# 93.96#

2# Mand#left#first#molar#(LL6)# 86.30# 83.26# 79.1# 76.19# 97.20# 97.07#

2# Mand#right#canine#(LR3)# 99.80# 96.64# 97.6# 95.30# 92.20# 91.34#

2# Mand#left#canine#(LL3)# 92.60# 91.89# 92.6# 93.76# 0.00# 1.88#

3# Max#right#first#molar#(UR6)## 93.50# 100.39# 99.4# 107.21# 5.90# 6.82#

3# Max#left#first#molar#(UL6)# 99.70# 105.21# 106.6# 109.91# 6.90# 4.70#

3# Max#right#canine#(UR3)# 113.40# 126.42# 104# 118.96# 99.40# 97.46#

3# Max#left#canine#(UL3)# 108.50# 126.43# 104.7# 123.15# 93.80# 93.28#

3# Mand#right#first#molar#(LR6)# 73.40# 74.22# 68# 67.17# 95.40# 97.05#

3# Mand#left#first#molar#(LL6)# 69.40# 74.70# 72.1# 74.64# 2.70# 90.06#

3# Mand#right#canine#(LR3)# 95.00# 93.79# 89.1# 90.14# 95.90# 93.65#

3# Mand#left#canine#(LL3)# 95.30# 96.41# 88# 92.02# 97.30# 94.39#

#

#

!
#

#

#

#

#
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General!Discussion!&!Major!Conclusions!
!

Discussion!
!
# This#research#project#began#with#a#plan#to#develop#a#novel#3D#analysis#similar#to#

the#previously#described#CWRU#transverse#analysis#that#measures#buccolingual#dental#

inclinations,#but#with#the#intention#of#overcoming#the#limitations#of#this#existing#

transverse#analysis.##The#main#limitations#identified#in#the#CWRU#transverse#analysis#are#

the#concern#for#identifying#a#stable#and#reliable#source#of#reference#to#determine#

buccolingual#inclinations.##Also,#measurements#were#conducted#from#2D#coronal#slices#

rather#than#approaching#teeth#exactly#perpendicular#to#the#buccolingual#plane#of#the#

long#axis#of#each#tooth.#Therefore#there#is#not#complete#use#of#the#available#3D#

information.##

#

Three#research#objectives#were#proposed#for#this#thesis#as#follows:#

#

Objective)#1:))Reliability)Assessment#

a.))To)identify)and)assess)the)repeatability)and)reproducibility)of)dental)and)skeletal)

landmarks)on)threeHdimensional)images)that)will)be)used)to)establish)3D)reference)and)

measurement)planes)in)developing)a)novel)transverse)analysis.)

)

# Of#the#16#dental#and#4#skeletal#landmarks#assessed#using#MPR#views#and#3D#

reconstructions,#all#demonstrated#good#to#excellent#intra9#examiner#and#inter9examiner#

reliability.#The#mean#errors#did#not#exceed#1mm,#suggesting#that#the#variability#that#was#



! 94!

present#between#time#points#for#a#single#observer#and#between#three#different#

observers#were#not#clinically#relevant.##These#results#support#that#the#landmarks#

identified#to#develop#our#novel#3D#analysis#can#be#adequately#visualized#on#CBCT#

images.#With#relatively#easily#identifiable#landmarks#the#Alberta#DS#Transverse#Analysis#

can#be#reliably#standardized#among#clinicians#after#appropriate#training#and#

familiarization#of#the#use#of#MPR#views#and#3D#surface#renderings#to#identify#landmarks.##

Since#clinicians#are#only#required#to#identify#the#point#landmarks#with#this#analysis#with#

the#reference#plane#construction#along#with#buccolingual#angulation#measurements#

being#completely#carried#out#with#a#computer#algorithm,#it#can#be#deduced#that#the#

Alberta#DS#Transverse#Analysis#should#be#a#more#reliable#and#reproducible#method#to#

identify#buccolingual#inclinations#of#teeth#compared#to#methods#where#reference#plane#

identification#and#buccolingual#measurements#are#generated#by#the#operator.#Training#

time#to#familiarize#each#clinician#to#use#the#software#and#properly#identify#the#

landmarks#was#relatively#minimal#as#landmark#descriptions#were#easy#to#follow#and#the#

image#manipulation#techniques#within#the#3D#imaging#software#made#it#relatively#easy#

to#precisely#identify#the#landmarks#being#described.#However,#the#algorithm#would#need#

to#be#incorporated#into#commercial#software’s#to#improve#ease#and#friendliness#of#use#

for#clinicians.#

#

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

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

)
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# Of#the#8#CWRU#angular#measurements#assessed#from#2D#slices#of#3D#images,#all#

demonstrated#excellent#intra9examiner#reliability#with#mean#errors#less#than#2°.!

Although#inter9examiner#reliability#for#the#CWRU#angular#measurements#ranged#from#

poor9good,#mean#errors#did#not#exceed#5.9°!which#suggests#this#inter9observer#variation#

may#not#be#clinically#significant.##

# It#was#predicted#that#the#CWRU#reliability#values#may#not#be#as#high#as#the#Alberta#DS#

Transverse#Analysis#as#naturally#angular#measurements#have#inherent#increased#error#

because#3#different#points#or#two#separate#lines,#all#with#their#own#variability,#must#be#

identified#to#create#a#single#angle.#Also#identification#of#the#reference#plane,#particularly#

the#inferior#border#of#the#nasal#cavity,#becomes#fairly#subjective#due#to#anatomical#

variations#in#the#shape#of#the#inferior#border#and#different#observer#interpretations#as#to#

where#the#tangent#reference#line#should#fall.###

)

Objective)#2:)To)develop)a)novel)3D)transverse)analysis)that)identifies)the)buccolingual)

inclinations)of)maxillary)and)mandibular)first)molars)and)canines)using)a)previously)

described)3D)maxillary)reference)plane)for)angular)measurements.)))

#

# The#basis#of#developing#this#new#transverse#analysis#was#to#utilize#a#3D#Cartesian#

reference#system#to#develop#a#truly#3D#based#measurement#analysis#of#buccolingual#

inclinations.##The#limitations#of#making#2D#measurements#on#coronal#slices#or#

approaching#teeth#parallel#to#the#midline#for#identifying#transverse#or#buccolingual#

dimensions#has#been#discussed#throughout#this#thesis#as#mesio9distal#tip#and#rotation#
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does#affect#the#buccolingual#angle.#Therefore,#a#3D#transverse#analysis#has#the#potential#

to#offer#visualization#and#identification#advantages#while#potentially#improving#accuracy.##

In#order#to#establish#a#reproducible#reference#system#for#3D#images,#an#anatomic#voxel#

based#Cartesian#coordinate#system#was#used#so#that#buccolingual#inclinations#of#

maxillary#and#mandibular#molars#and#canines#could#be#identified.#Lemiuex#et)al.23#

previously#described#the#3D#maxillary#reference#plane#utilized#as#being#accurate#and#

reproducible,#established#by#identifying#4#reliable#and#reproducible#skeletal#landmarks#

that#can#be#consistently#identified.##

# In#order#to#measure#the#buccolingual#angles#effectively#an#algorithm#was#

produced#in#MatLab#(Mathworks,#Inc.,#Nantick,#MA,#USA).#The#algorithm#required#the#

input#of#the#four#skeletal#landmarks#used#to#define#the#coordinate#system,#and#the#three#

points#defining#the#location#of#the#tooth#(the#cusp#tip,#root#tip,#and#most#buccal#point).#

The#algorithm#then#constructs#the#anatomically#based#planes#(xy9plane,#xz9plane#and#yz9

plane).#A#tooth9based#plane#is#then#constructed#using#the#three#points#placed#on#the#

tooth.#A#line#(referred#to#as#the#“tooth#line”)#is#drawn#within#that#plane,#passing#through#

the#root#tip#and#the#cusp#tip.#The#angle#the#tooth#line#makes#with#its#projection#onto#the#

anatomical#XZ#plane#is#then#measured#as#the#buccolingual#angle.#This#is#kept#consistent#

between#all#the#teeth#measured#in#this#analysis.#

# Clinical#validity#and#accuracy#of#this#novel#analysis#was#not#the#intended#

objective#of#this#study,#instead#future#research#will#be#required#to#assess#this#so#that#the#

analysis#can#be#practically#implemented#for#clinical#use.#

#
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Objective)#3:))To)compare)the)newly)developed)Alberta)DS)transverse)analysis)angular)

measurements)to)the)previously)described)CWRU)transverse)analysis)for)maxillary)and)

mandibular)canine)and)molar)buccolingual)inclinations.)

#

# When#compared,#there#was#a#statistically#significant#difference#between#the#

CWRU#and#Alberta#DS#transverse#analysis#measurements#for#all#teeth.#However,#since#a#

true#reference#standard#for#ideal#buccolingual#position#radiographically#determined#has#

not#been#identified#in#the#literature,#the#real#direction#of#any#difference#is#impossible#to#

determine.##The#statistical#difference#can#be#attributed#to#the#different#reference#planes#

utilized#by#both#methods#and#the#different#approaches#to#the#teeth#when#buccolingual#

measurements#were#obtained.#However,#only#maxillary#canines#demonstrated#a#

clinically#significant#difference#(set#as#a#10°!difference#as#described#previously#as#being#

two#standard#deviations#of#the#normative#data).#Interestingly,#for#mandibular#teeth#

buccolingual#inclinations,#the#Alberta#DS#Transverse#analysis#compared#all#teeth#to#a#

nasomaxillary#reference#plane#whereas#the#CWRU#compared#mandibular#inclinations#to#

a#mandibular#reference#plane,#but#mandibular#molars#and#canine#measurements#

differed#the#least#between#measurement#methods.#This#can#potentially#suggest#

mandibular#dental#buccolingual#measurements#can#be#obtained#using#a#maxillary#

skeletal#reference#plane#in#patients#that#are#not#overtly#mandibular#asymmetric.##

# Without#a#reference#standard,#it#cannot#be#concluded#which#method#is#more#

accurate#at#this#time.#Initial#landmark#identification#with#the#Alberta#DS#transverse#

analysis#was#found#to#be#easier,#requiring#less#time#than#image#orientation#and#manually#
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drawing#angles#for#the#CWRU#analysis#in#Dolphin#on#2D#slices.##However,#the#Alberta#DS#

Transverse#analysis#requires#a#specific#MATLAB#software#algorithm#to#determine#

buccolingual#inclinations#from#the#identified#landmarks,#which#generally#makes#the#

Alberta#DS#Transverse#analysis#more#time#consuming#and#cumbersome#to#use.#Ideally,#

future#integration#of#this#developed#analysis#into#a#3D#imaging#program#used#for#

landmark#identification#such#that#the#reference#plane#and#angulations#can#be#instantly#

calculated#after#landmark#placement#would#make#use#of#this#newly#proposed#technique#

more#clinically#applicable.#

Limitations!
!
Reliability#Testing#

# The#principle#investigator#in#this#study#had#significantly#more#experience#with#

use#of#the#CWRU#software,#whereas#the#other#two#observers#received#limited#hands#on#

training,#mostly#learning#to#navigate#with#previously#written#descriptions#from#the#

creators#of#the#CWRU#transverse#analysis.##All#observers#had#previous#experience#with#

navigating#Avizo#imaging#software,#but#also#did#not#receive#hands#on#training#or#

calibration,#rather#point#identification#was#carried#out#by#landmark#descriptions#

provided#by#the#principle#investigator.#Different#levels#of#experience,#comfort#and#

calibration#with#the#software’s#used#could#have#affected#the#results#of#inter9examiner#

reliability#testing.##Potentially,#the#Alberta#DS#Transverse#Analysis#initial#landmark#

identification#may#be#easier#to#use#in#a#doctor#clinical#setting#instead#of#the#need#to#

orient#images#in#a#standardized#approach#and#drawing#subjective#lines#to#identify#

reference#planes#and#the#long#axis#of#teeth#with#the#CWRU#analysis.#However,#until#the#
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Alberta#Transverse#analysis#can#be#integrated#into#a#3D#commercial#imaging#program,#

the#CWRU#is#more#clinically#practical.#

Stability#of#Reference#Planes#

# For#both#analyses,#we#cannot#confirm#the#references#planes#used#are#a#stable#

source#of#reference#over#time#which#can#significantly#effect#measurements#compared#

over#the#course#of#treatment#due#to#growth.##Potentially,#use#of#a#3D#nasomaxillary#

reference#plane#established#from#skeletal#landmarks#that#lie#superior#to#the#skeletal#and#

dental#units#that#would#be#most#affected#by#treatment#and#growth#may#be#more#stable#

over#time.#Stability#of#these#reference#planes#and#landmarks#has#yet#to#be#confirmed.##

Future!Recommendations!
!

• Evaluate#the#stability#of#the#skeletal#landmarks#used#to#derive#the#3D#

nasomaxillary#reference#plane#over#time.#Stability#would#ideally#need#to#be#

confirmed#to#be#able#to#precisely#evaluate#buccolingual#changes#over#the#course#

of#treatment.#However,#the#effect#of#growth#on#this#reference#plane#would#be#

difficult#to#study#in#untreated#controls#without#being#able#to#justify#the#use#of#

CBCT#imaging#in#patients#not#receiving#treatment.#

• Creation#of#a#3D#mandibular#reference#plan#could#be#proposed,#tested#and#

compared#to#mandibular#buccolingual#measurements#obtained#using#a#3D#

nasomaxillary#reference#plane#

• To#confirm#the#accuracy#of#the#Alberta#DS#Transverse#analysis,#there#would#need#

to#be#a#study#to#compare#this#3D#volumetric#method#directly#to#skull#

craniometric#measurements#to#validate#its#use.#
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• Further#research#is#needed#to#develop#and#test#normative#data#to#allow#this#

analysis#to#be#used#at#initial#diagnosis#to#better#enable#clinicians#to#confidently#

identify#which#cases#require#skeletal#expansion#instead#of#just#dental#to#achieve#

successful#results.#

• After#development#of#normative#data#for#the#diagnostic#application#of#this#

analysis,#further#research#would#allow#the#assessment#of#clinical#outcomes#after#

utilization#of#the#Alberta#DS#Transverse#analysis#for#diagnosis#of#maxillary#

transverse#deficiencies.##

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
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