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ABSTRACT

Title of Dissertation: CBCT Assessmentf®@ental and Skeletal Arch Changes
UsingThe Damon Vs. Conventional (MBBystem

Marjan Askari Masters of Sciete in Oral BiologyDMD, 2012
Dissertation Directed by: Robert E. Williams
Clinical Associate Professor

University of Maryland
Department of Orthodontics

Introduction: This is a pilot studwtilizing CBCT tocomparecases treatedith either
the Damon $stemor conventional mechanic3 heprimary purpose of this study was
evaluatechanges irdental and skeletal arch width and lendthe secondargurpose
was to evaluate differences between the tBET views(3D coordinate, sgional, and
volume views)Methods: ElevenPatients{18 years of age) with moderate to severe
crowdingwho hadboth pre and postreatment CBC% andwere treatedvith non
extraction either withconventional edgewise appliase® with a selligating Damon
systemwere retrospdovely selected from tweorthodontic practices hearch length,
inter-occlusal, interapical, interbuccal andnter-lingual alveolar crest arch widthand
the buccelingual angulation forcanine, premolars and finstolarsweremeasured
Different CBCTviewswere evaluated bfyrst measuring the interocclusal distances of
the respective téle in the coronal sectioend the volume viesr These measurements
were compared with those gathered previously using the 3D coordinata.s&giaired

t-test, an independetitest, and an ANOVA were used for statistical analy®esults:



Both nonextractiontreatment modalitiesesulted in interocclusal arch width expansion
in boththe maxilla andthe mandible. The overall expansioinarckes in the Damon
treated casesyasstatisti@ally greaterthanin theconventiondl treated casedlaxillary
and mandibular arch lengths were increased but not significantly in both gitgps
wereno statistically significant differensdetweerthe threedifferent CBCT views.
Conclusion: Both the Damon andooiventional systesresuledin increased arch width
and lengthbut he Damon system aaedsignificantlymore overall arch expansion
Therewas lesgipping ofthe teeth during arch expansiorthe onventional systenThe
ratio ofcrown to root movement in th@ventional systemersus Damon group the
maxilla was approximately 1:levsus 3:1 and in the mandible 3.6:1 versus@singthe
3D coordinate systems to evalu#tteinterocclusal pmtsin CBCT yieldsthe most exact
measurementsutthe volume and stional views provideccurate measuremertsarch

length and arch width
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INTRODUCTION

Anecdotal statements and case reports have ineele regarding the Damon
Systend ability to achievebiologically induced tooth movements and treatment that in
most cases does not require the extraction of permaeetht tapid palatal expansian,
distalization of molars. Thisechniquepurpors that teeth are moved physiologically
determined positionaith minimal tipping in all planesf space and the alveolar lwon
will follow. In this age of evidenebased treatment, it is imperative that the results
claimed are placed unddret scrutiny of peer reviethat either prove or refute these

statements.

Reviewof Literature

The evolution of thshape ohumandentalarch is distinct when compared to
other primate species. Hominid evolution has demonstthéédhe arch form in man is
parabolic(Berkovitz, Holland, and Moxham, 1984he size and shape of the ideal
dental arch in the profession of dentistry has been debdtadinitum,and has been
used for diagnosis and treatment of malocclusions far I8@years.In orthodontics
maintenance of the arch form has ledwo tivergingmethods otherapy.

The swinging pendulum of extraction versus{gotraction treatment is a concept
well known in orthodonticsOnceagain we enter the neaxtraction eraExtraction is
believed tchave anegative effect on profile and smile esthetit)® see statements such
as Aful l dentition yields a full smil e

supporto in advertising itboutauppodingewlerc s e e
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beyond selected case repdiamon, 2006) We see greponderance of evidence
stating the contraryfexamplesof this evidence are briefly reviewed

Bowman and Johnstd@2000)investigated the profile changes in extraction and
nonextraction patients when assessed by laypersons and dentists. It was concluded that
extraction had a positive effect on the profile of patients with some combination of
crowded and proclined teeth, whereas-patraction therapy had a detrimental effect
the profile. Erdinc etal. (2007)compared the lonterm softtissue profile changes in
patients treated withr withoutextraction offour first premolars and found ong-term
differences in the sctissue profiles of the twgroups.

Some practitners believe that extractions result in large buccal corridors that are
detrimental to the smilé. K i &t 8.a2006)compared smile esthetics of extraction and
norrextraction patients and a control group. In that study, the smiles were evaluated by
10 orthodontists, 10 plastic surgeons, 10 general dentists, 10 artists, and 10 patients. They
concluced that there was no differencesitiractiveness between extraction and-non
extraction patients, and that the extraction group actually had wider arches than-the non
extraction group. The result of this study agrees with the studies of Johnson and Smith
(1995)andGianelly (2003) who also concluded that there wasdifference in smile
esthetics when extraction and rextraction patients we@mpared

Final occlusion of patients treated with extraction versusaxdraction groups
were evaluatedsingan Objective Grading System (OGS) in a study by Farhadired.et
(2005). They found extraction of four premolars resulted in a better occluBair.
findings based on OGS show48% of norextracted and more than 70% of extracted

cases had acceptableausion.



If the current state of evidence ptsito the fact that extraction has no detrimental
effect in facial esthetics and it provides a superior occlusion texrwaction treatment
then using current state of evidence one would expect a highentsge of extraction
cases. The question becomes why a pendulum is swung to Hextnaction mode of
treatment® It is in light of lack of evidence in this era of evidesiz®sed dentistry that this
research is trying to address some unresolved cldifth.theadvent of CBCT, claims
that were hard to validate or refute can now be@thetest. SeHligating brackets with
low-force, lowfriction archwires seem to be at the cutting edge of the market with
Damon philosophy leading the pathamore norextraction mode of therapy. This study
is a small step in evaluating differences in dental and skeletal changes between

conventional versus Damon treated cases.



Damon vs. Conventional (MBT)

Thesec al | ed fAswingi ng pen doodxtentan treatmene x t r a c

that bega with the greaDeweyi Case Debates of 19(Asbell, 1990)remains
unresolved to this day. E. H. Angle initially provided extraction treatment for his patients,
but modified his approach to therapy based upon the philosophyftiiet@mplement
of teeth can benaintained by modifying the environment surrounding the dent{liee,
1999). Opposed to this neaxtraction form of therapy were Tweed and Begg, who
became dissatisfied when patients examined during the retention gennhstrated
relapse due to the lateral expansion and proclination of the dental éBctuedt and
Tweed 1967). It should be emphasized that the forces used to providextoaction
therapy duing the time of Angle were high than those used todaydaccording to
Ward, Workman, Brown, and Richmo(@006)very little work has been done with the
type of appliance and protooalirrently in use.

Resolution of crowding can be achieved by antestgpimr or transverse
movement ofhe dentition ifnon-extraction treatmenis to be performed. dveling ofthe
Curve of Spee is correlated only with plination ofthelower incisordWeinberg 1996)

Weinberg andGadowsky(1996)showedhat treatmentf Class | malocclusian
without extraction resulted igeneréized expansion of the buccal segmeateng with
advancement of the lower incisors irrespectivéhetreatment moddies used in their
study These teatmend included maxillary cervical headgeaith or without use of
Class Il elasticsa variety ofexpanderandtranspalatal aras or lip bumpes. They
found that expansion was greatest at the second premolars (1.8 mm) andheast at

canines (0.9 mm)



Other studies that have examined usa sihgle type of expansion appliance,
such as rapid paldtaxpandes, quadhelices tandem mechanicey lip bumpes, which
have shown greater mearadiyes in mandibular arch widtf\&ertz and Dreske(1977)
usingavariety of fixed expansion screpSanstrom efal. (1988)usingan Hasstype
rapid palatal expater followed by fixed appliana2Hass(1970)using Tandem
mechanicsBergersen(1972)using lip bumpestreatment; and Cetlin and Ten Hoeve
(1983)using lip bumpes).

The Damon System was first inlowoduced i
friction brackes and low forcevire technologiegDamon, 1998)The Damon System
includes the use @assive sélligating bracket, along withcontinuous low force
deflection wires thaare reported to produce a deadteeolar response that appears to be
different than onventional fixed mechanics (Damon, 2005). The general philosophy
underlying this system is to approximate biologically induced tooth moving fdroes.
system is claimed to providereliable and simple means of achieving the best possible
facial balancdor each patient through the use of light fs¢odevelop a functional
adaptatiorof the basic arch forrhased upon the philosophy of maintaining the original
archshapéor stability. According to Damon, the alteration of the arch form through this
sysem is Aphysiologically determinedod and cr
arch to reshape itself to accommodate the tzdimon, 2005).

Consistent with these beliefseatment protocols have been designed which
attempt to mirror biological and ghiologicd principles of tooth movemenroponents
of theDamonSystem believéhat light archwiressuch as copper nickétanium(Cu

NiTi), donot overpower lip musculatyrand hence the orbicularis oris and mentalis



mus cl es p rboudnupcetecioan tbief maxipary and mandibuliacisors. In this
systemteeth take the path of least resistance, which in extractios rc&sas teét
moving to the extraction sit@owever,in nonextraction caseshis produces posterior
expansion with maintenaeof ingsors anteroposterior positigPamon 1998§.

The Conventional orthodontic dictum suggests insertion of the largest possible
wire as early as possible. This approach is thought to provide the cliwithathree
di mensi onal i ¢ oynthisrmedhanistic &pprbaohrcannohtake athge
of the surrounding tissuéPamon 1998). Damon argues (1998) that assteeth appear
in their pretreatment positions, as dictated by the interplay of forces between the cheek,
tongue and periodontal foes, these same force systems can be the guiding adjuncts for
orthodontic purposes. Damon (1998) believes that in conventional systems, bracket slots
filled with large size wires (even flexible ones) generate force sgstigin enough to
overpower musculate and disrupt periodontal integrity. As a result, teeth are flared
labially. However, with lowforce, lowfriction system, not onlare thesd¢issueshought
not to be overpoweretdut they would guide teeth into physiologic positions. These
positions (lence the arch form) are determined by the balance of forces within the three
tissue systerrgingiva, PDL and bone (Damon 1998).

Damon states that the arch fopmoduceds natural and functional, and not forced
by a predetermined, mangtared formhoweve thefollowing are representative of
studies disputing these statements.

Peck(2008 statedhatwe know al most nothing about
study of 7000 photographs of great smiles thatilted in his ideal arch forra single

shape and size tohich Damon Sy&tim wires are formd.



In a study of 1% on-extractiontreatmens utilizing the Damon applianceTang et
al. (2008)foundavariety of treatment responses ranging from succegkfidubject$ to
unsuccessful8 subject$ treatmentAmongtheir findings were more forward movement
of thelower lip, adecrease ithe Z-angle(the angle betweerankforthorizontaland a
line drawn from soft tissue pogonion to the most procumbentdipg softissuechin
strain intheunsuccessful group. Theoncluded thathe Damonapplianceshould not be
used in all cases with severe crowdiagda straight soft tissue profile and upright
incisor position ar@ prerequisite for nom@xtraction teatment.

Tao et al. (2008)reviewed the records @4 non-extractionpatientswith aClass |
skeletal pattern and upper arch crowdjngaterthan 5mmireated with thdamon
appliance Theyfound a gnificantincrease in upper arch length and arch width after the
correction of crowdingTheyalsofound arch perirater is gained by the increase in both
arch length and intdsicuspid arch width.

The effects ofeveling andalignment on arch dimensions and mandibular incisor
position have been described tbe pre-adjustededgewise appliance system
(Conventional sgtem) Typical changes involve an increase in arch perimeter caused by
incisor advancement and transverse expansion. However, with the exception of some
isolated case reports describing significant arch developmenthgibamon appliance
usingdramaticdly enlarged archwes, there is little scientifipesearch into arch
dimensional changes with sdiljating systems. The pattern of arch dimensional changes
has implications for longermstability (Burke, 1998. The ideal scenario would involve
little incisor proclination and intercanine expansion, with most of the arch perimeter

increase generated by expansion actiesmolars and premolars.



N. Pandis etal. (2010)in a prospective randomized clinical trialestigated the
durationof treatmentvith self-ligating brackets compared witlormventional appliances
in cases exhibiting mandibular crowdiagd the accompanying dental effe@serall,
they showed that, Damdhbrackets are not mosdficient than conventional appliances
in terms ofthetime required taresolve severe anterior mandibular cravgdiHowever,
moderate crowding was alleviated 2.7 times faster thglbamon 2 bracketsvhich
they attributed tdhe greater free play dheselfligating appliance They also found that
both bracketypesalleviate crowding by similar mechanisms that involve mandibular
incisor proclination and mildxpansion of dental archesitérmolar width increase the
seltligating groupwas 1.5 times greater thantire onventionalappliance group
(Pandis, 207).

A systematic review dthe literature for treatment utilizing sdifjating brackets
(Chen et. al.2010) indicatedhat the mechanism to resolve anterior crowding agoear
to be the same when comparing conventional andigatfng systemsThis sysematic
review also showed thalhartened chair time and slightlgss incisor proclination
appeaedto be the only significant advantages of digiating systems over conventional
systemsassupported by the current evidence.

Ehsani(2010)evaluated deat andskeletal changes following orthodontic
treatment with Damon seligating (SL) brackets in 20 neextraction patients usin
frontal and lateral cephalonmet radiographs that were analyzed in a thil@eensional
(3D) analysis computer sefare progam. Bolton templatewere used as controls.
Ehsanifound thatbamon treatment did not result in buccal tipping of molar crowns or

maxillary base width increase. In her conclustooth alignment withthe Damon system



appeared to be accomplishthdougha combination of arch width changes and incisor

proclination and/or lingual root torque

In a studyusing ental casts and cephalogracmsnparing rapid palatal expansion
andthe Damon appliance on nesxtraction treatment, Yu .adl. (2008) found that both
RPE andhe Damon technique weseccessful in increasiragch width to correct
moderate crowding. According to Ytlhe Damon appliance protrudes the upper and
lower incisors and expands the dental arch by buccal tipping of bicuspids and molars.
TheA |-b pmper 6 ef f ect o fsnotobservenasiwyby \dajparsaete m
al. (2011) Using study models and cephalograms that were sdaam#measuregthey
found that cowdingwasalleviated throughransverse expaim andtheincisor
advancementasseen in both the conventionally treated and Damon treated groups.

Almost all the research that has been done with regard to arch expansion or
incisor proclination using conventialversus seHigating systera has been performed
usingcass or lateralcephalogramm Conventional radiographic imaging, such as
panoramior intraoralradiogaphs, hasimitations- such as magnification, distortion,
superimposition, limited perspectivendlack of resolutionlmages obtained bgone
Beam Computer TomograpliCBCT) can measure sectiondhpes in 3dimentional
spacs. Onepractical application o£BCT (Mah et al., 2010) igo offeran undisbrted
view of tooth roots and[3 spatial orientation of bos@nd teeth. Therefore, this
technology can batilized in the evaluation of the effects of treatment on the crown, root

and bone measurements of individual patients.



CBCT

Computer Tomoaphy (CT) andCBCT allows us toutilize 3D imageswhich are
increasinglyusal for planning and evaluating various dergadcedureskFor
conventionalCT imagesa thin collimated fan of radiation is geated through the
subject ands recorded on a thin linear sensor las ¥ray machine circles the subject.
The patients then advanceih the scanner and dadee recorded foa new slice. The
information on each slice is stackedalmve one another creatinga Bnage. Modern
scannes employ a helical geometry #tat a patient passes continuously through the
imaging apparatus and avoids discrete stops between slices.

Cone lram computer tomography (CBCT) uses a less highlyrmaiked cone of
x-rays, which ar@rojected orthe surface of thplanar sensor in a single passhod
emitter around the subject. Between 150 and 400 individual exposures are made in that
single passiglding a separate planar (2D) data set for eve2§ af arc. The data from
all individual exposures is reconstructed into a digital block of voxel v@adsmetric
pixels that arédenticalin all 3 dimensionslising a baclprojection algorithm similato
the ones used in conventional CT reconstruction. Each voxel has a unique gray scale
value just like thenes in conventional CT, howevéss precise informatias
produceddue toalack of collimation and increased noise. Thista can be used to
reconstruct a 3D volumetric representatiorttedimage obtainedor alternativelyit can
be cut in any flat or curved 2D plane as desired.

CBCT machines cabe grouped based on their fields of vjeesolutionand

their multi-functionality (3D image or B panorex or ceph The field of view carbe
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small justthedental area), mediunto(includeimages ofthe joints) and largedr
cephalometric imag (Scholz,2011).

There aralsodifferent resolutions between the different brand€BCT
machinesSomemachinesre capable of providingoxel sizsof 0.125 mm, which is
close to the resolution needkxl fabrication of appliance&odak 9000 3Dhow
advertises a vet size of 0.076 mmScholz 2017).

Contemporary trergin imaging, such as CBCGallow a change frona physical
datasebdf records toward girtual patientspecific model (VPSM). VPMS via the use of
CBCT provides &limersional 1:1 accurate informatighlernandezSoler, 2011).

Creed etal. (2011)found that theaccuracy ofinear measuremés obtained from
CBCT imags was comparable with those OfthoCADdigital models The accuracy of
OrthoCAD digital models in comparison to traditional plaster models have been
established in a previous study doneSty\ambarger eal. (2007).

C B CT 6 ar adcuratyehas als@én verified (Moshiri, 2007) his accuracy has
justified the use of CBCT scans f&tudying implant sites, (@n Lc, 2008) palatal
thicknesgGracco, 2008)and cephalometric valuéShien, 2009)Thus far, these studies
have been ihited to larger measurements spanning several centimeters.

Spatial resolution idefined athe minimum distanceeeded to distinguish
between twsepaateobjects and is often incorrectly assumed to be equalgocaa n 6 s
resolution or voxel size. Factasach as partial volume averaging, noise, and artifacts
make it impossible to achieve a resolution equal to the voxelForexample,n astudy
by Ballrick et al. (2008) a 0.2 mm voxel scan had an average spatial resolution of 0.4

mm.
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The twomost @mmon voxel ges used for orthodontic scan@.3 and 0.4 mm
bothhave an averagspatial resolution o®.7 mm. Aspatial resolution of 0.7 mm would
not be adequate to properly visual@eas of thin boneéSpatial resolution is also
frequently confusedith measurement accuracy. Measurements made with CBCT have
been shown to becaurate to within 0.1 to 0.2 m(Rilger, 2005. However linear
accuracy over | ong di st ditntodifferentiate betweénf er e nt
two objects in close prsomity (spatial resolution).

A voxel can display dg onegray value at a time. To account for this, the voxel
displays an average of the densities present. Simply put, if a voxel represents an area of
75% lucent soft tissue and 25% opaque cortical bbeeydxel will appear more lucent
than opaque. This process can make boundaries betleesities harder to accurately
distinguish, and results in lower spatial resolution.

Theeffectof partial volume averaging on thin bone has been well documented in
conventional conputed tomography (CT) scannékangartner, 1996)t was shown that
the angle at which the image plane intersects the bone wall can cause thin bone to appear
thicker or thinner than its (Ahlqvist, 1999) This type of partial volume averagjrtan
cause bone walls thinner than 1 noratl but disappear on CT scaiglqvist, 1998)

A few other cavda exist regarding CBG withradiation dose beintpe most
controversial. Although the radiation dosage is much smallertiiedraditional CT the
radiation dose is still a cause for concern. A further inherent consequence of using cone
beam rather than fan beam geomedrg reduction in collimatigrwhich, result in
increased scatter amoise artifacts. This results in difficuliy discerningdifferent soft

tissue densities. There are also problems detecting the boundaries between structures,

12



particularly where the bone thickness is reduced. This is referred to as segmentation
problem. There can also be major problems of information loss mbéad objects, such
as dental restorations completely block the passage ofrdnebeam between the object
and the xray detecto{Baumrind, 2011) Similarly another study showed that metallic
and nonmetallic orthodontic brackets interferéhwhe diagostic quality ofCBCT

images(Sanders, 2007).

13



Primary Purposes

Theprimarypurposs of thisresearctwereto evaluatehe changes in arch

dimensions of nomxtraction treated cases using CBCT.

1. Damon initial vs. Damon final
To evaluate thehangesn dental and skeletalrch widthand lengthn patients

treatedwith the Damon System

2. Conventional initial vs. Conventional final
To evaluate thehanges iental and skeletalrch widthand length irpatients

treatedwith the Conventional mechansc

3. Damon vs. ©nventional
To evaluate the changes in the dental and skeletal archsnadtharchength
measurementsf patients that were treated withetDamon Systermompard to

patientstreated withthe Conventional mechanics.

14



Seconday Purpose

CBCTviews
To evaluate variou€ BCT images and compare the m@@ments obtained
though the B coordinate system witthe same measuremeriisthin a volume
view (as if looking at a dental casind the coronal sectiahview of the occlusal

portion of all teeth
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Primary Hypotheses

Hypothesis1: Damon initial vs. Damon finalmeasurements

Null hypothesis: There is no significant difference betwgenand postreatment

measures of

a. Arch length,

b. Inter-occlusal ach width(IOD) of:
1 CanineqgK?9),
1 First premolarsf#M1),
1 Second premolar$(M2),
91 First molars (1)

c. First molarinter-central fossgM1-ICF),

d. Interapical dimensioflAD: K9, PM1, PM2, and M1)

Researclnypothesis: There is a greater increase fpoento posttreatmenin:
a. Arch length,
b. Arch width 10D (K9, PM1, PM2, and M1),
c. M1 ICF,

d. IAD (K9, PM1, PM2, and M1)

Hypothesis2: Conventional initial vs. Conventional finalmeasurements

Null hypothesisThere is no significant difference between-@ed postreatment

measures of
a. Archlength,

b. Arch width I0OD (K9, PM1, PM2, and M1),
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c. M1ICF,

d. IAD (K9, PM1, PM2, and M1)

Researclnypothesis: There is a greater increase fpoento posttreatmenin:
a. Arch length,
b. Arch width I0OD (K9, PM1, PM2, and M1),
c. M1ICF,

d. 1AD (K9, PM1, PM2, and M1)

Hypothesis3: Damon treatment changes vs. Conventional treatment changes
Null hypothesis: There is no signifidagifference between Damon andi@entional
treated cases imeasures of

a. Arch length,

b. Arch width I0OD (K9, PM1, PM2PMs,and M1),

c. Allteeth IOD (maxilla and mandible)

d. M1ICF

e. IAD (K9, PM1, PM2,PMs,and M1)

f. Teeth angulation (K9, PM1, PMPMs,and M1)

g. Buccal alveolar bone and lingual alveolar bone crest distance (IBACD, ILACD)

Researclinypothesis: There ig difference between Damon andr@entonaly treated
cases in:

a. Arch length,

b. Arch width 10D (K9, PM1, PM2PMsand M1),

c. All teeth IOD (maxilla and mandible)
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d. M1ICF
e. IAD (K9, PM1, PM2, and M1)
f. Teeth angulation (K9, PM1, PMPMs,and M1)

g. Buccal alveolar bone and lingual alveolar bone cresanlist (IBACD, ILACD)

Secondary Hypothesis

CBCT views
Null hypothesis: There is no significant differengenterocclusal arch widths
measurementsetween the following CBCT views:

a. 3D coordinate system,

b. coronal section,

c. volume

ResearclinypothesisMeasurements made utilizingé 3D coordinate systearemore

accurate thaeitherthe coronal secti@or the volume view.
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MATERIALS AND METHODS

Approval to conduicthis study was obtained from thieiman Research
ProtectiongDffice (HRPO)of Universityof Maryland Institutional Review Boar@010).
Patients were retapectively selecteftom two privateorthodonticpracticesThe
patiens received treatment in either the office of Baj and TySainiutilizing a
Conventional edgewise applian@dBT), orin Dr.DavidPa qu et t aliizewgao f f i c e
selfligating Damon system. d@h systems usefl.022in archwireslots.Patiens with
moderate (35) mm to severé>6 mm)crowdingas was judged by cliniciangere

utilized. Elevensubjects were selected in tisttidybased on the following

INCLUSION CRITERIA

1 Patientshaving achronologcal age of 18 years or older

1 Class | occlusion or mild class Il/lhalocclusion

1 Moderate to severe crowding (aslged bythetreating clinician)
1 Nonextraction treatment

1 Nointerproximal reduction

1 Notherapeutigntervention exclusive of archwires

1 No surgical intervention

1 Available nitial and finda CBCT

1 No missing teethexcludingsecondandthird molars
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EXCLUSION CRITERIA

1 Patiens prior to pubertal growth

1 Extraction at ay point during treatment

1 Missingteeth excludingsecondandthird molars
1 Pathology associated with head ardkarea

9 Radiation to head andcenok area

Five patientswho received treatment of both the maxillary and mandibular arches in
both treatment cag@ries, and one patient in the Damon graugh only mandibular arch
fitting the criteria were included in the study

In the group treated with ti@onventionaledgewise systenthe brackets used were
Unitek APCwith MBT prescripton (0.022" slot)Archwires werealso from Unitek
Corp.The treating orthodontisypically used he following archwire sequeneéhich
wereligated mainly with elastomeric ligation
0 Maxilla/Mandible

7 0.014 to 0.016inch NiTi

9 0.018-inch SS

7 0.0160.022inchNiTi

1 0.018 0.025inch SSor 0.019 0.025inch SS

In the group treated with tH@amon appliangeseltligating brackets (Ormco) were
utilized. The following Ormco archwires were sequentially used:

o Maxilla:
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1 0.014 to 0.016inch CWNITi
1 0.016 0.025inch CwNiTi

f 0.018 0.025-inch CWNiTi

1 0.0190.025inch SS

o Mandible:

1 0.014 to 0.016inch CWNITi
1 0.01£0.025inch CwNiTi

1 0.0180.025inch CWNiTi

1 0.0160.025inch SS

The nventiondly treated cases were scannedm-CAT machineby Imagng
Sciences. fie patients werscanned with a FOV of 1@8cm.The machine rotates one
time around the patient for 8.9 seconds and exposes the patient to 8Gei@ds.
Patiens wereexposed to radiation for 4 seconds total.

DICOM files for boththe Conventional and Damon treatedsea were obtained via
ani-CAT machinewith 0.3 voxel resolutionThe AnatomagénVivoDental 5.0software
was used for alineasurements used in this stubhW/ivoDental5.0 is avolumetric
imaging software for dental clinicianEhe ®ftware can handle DICM data generated
by Cone Beam CT machines such as {8AT®, Gendex, Kodak:WOO, Vatech,
iluma®, NewTom®, Scanora, ProMax3D, PreXion, etc.

Since, all CBCTs were obtained with patients in centric occlusion, théunational
cusps in each arcliereusel to measure the intercclusal arch widthfor better cusp tip

views. Thearch width was measured at first molar,first andsecondpremolars, and
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the cuspidsn both archesThe arch width measurements included not only the occlusal
portion oftheteeh, but also their respective buccal and lingual cortical plates. The inter
apical areas of each of the respective teeth were also meadargpwiththe

angulations of each toatArch length was measured as th&tance betweethe mid-

point oftheline connecting the mesial tife firstmolars to the contact point between the
central incisorsArch width, arch lengthand toah angulationrwveremeasured gire-

treatmen(T,) andposttreatmen{(T>).
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Measurement Protocol and Description

A clear viewof the object being measuredwas t ai ned using | nviyv
such as rotate, clipping, and zoom. Once a clear and distinct view of the arch or tooth
under study wastilized, measurements were taken and recorded. Jeff Gartyov
Elman two dental sidentswho were trained to work with the softwabeit were blind to
the studyrecorded pictureand datdor eachpatient Both dentalstudents worked
together for all measurements for all the patients and consulted with each other as to the
optimal plaement of reference points on every measurement taken as well as what
constituted the most accurate viéve followving measurements were obtairsedshown

in Tablel.
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Table 1: Measureménand abbreviations

Arch Length
Arch length Perpendicular distance from line connecting the mesial of 1™ molars to the
? contact point between central incisors
Arch width
Inter-occlusal K9: Distance between canine cusp tips
dimension Mand PM1: Distance between mandibular 1* premolars buccal cusp tips
— Mand PM2: Distance between mandibular 2" premolars lingual cusp tips
8 Max PMs: Distance between maxillary premolars buccal cusp tips
Mand M1: Distance between mandibular 1* molars’ lingual groove
Max M1: Distance between maxillary 1* molars’ buccal groove
— | Inter-central-fossa | MI: Distance between 1* molars’ central fossa
e
Inter-apical K9: Distance between canine apices
. | dimension Mand PMs: Distance between mandibular premolars’ apices
:é Max PMs: Distance between maxillary premolars’ apices
Mand M1: Distance between mandibular 1™ molars’ mesial root apices
Max M1: Distance between maxillary 1% molars’ palatal root apices
| Inter-buccal- Distance between buccal alveolar crestal bone
& | alveolar crest
% dimension
v}
_. | Inter-lingual- Distance between lingual alveolar crestal bone
; alveolar crest
O | dimension
w)
Tooth angulation
= Angulation of the | Mand Canine: angle between cusp-tip to apex to mandibular border
t= | tooth on the Max Canine: angle between cusp-tip to apex to nasal floor
g | right/left side Mand PM1: angle between buccal cusp to apex to mandibular border
U% Mand PM2: angle between lingual cusp to apex to mandibular border
Max PMs: angle between buccal cusp to palatal root apex to nasal floor
Mand 1* M: angle between central fossa to furcation to mandibular border
Max 1* M: angle between central fossa to furcation to nasal floor
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Measurements were olrtad on thdrontal section view after the image was
coordinated in the sagittal and coronal views as is seEigurel, unless otherwise
statedFor all figures, taken from images of actual patigethts red dots indicate points of
interest, blue lines show the diste between the two pointse green nonbers indicate
the actual measuremengsd the other two linggreen and orange lineje to coordinate
the views

Conventional lateral cephalograms compared to CBCT are taken with teeth in
occlusio. Thesegmentation (separation) of maxillary and manidibteeth becomes
more difficult because the cusps of antagonist teeth overlap. Teeth in occlusion scans
make it more difficult to build an accurate dental model as they reduce the visibility of
teeth surface(HernandezSoler, 2011). Since the CBCTs ddtjents in this study were
taken with patients in centric occlusion, the ffionctional cusps were chosen for

interocclusal arch width and angular measurements.

22.39 mm

-0
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Dental measurenents:

Arch width: Inter -Ocdusal (I0D) and Inter-Apical (IAD) Distances

Individual ach width measurements paired teetlweremadefrom cusp tip to
cusp tip. Since the CBCTs were measured Wigpatient in centric occlusigithe non
functional cusps @re chosenexcept for mandibular first premolaGombined 10D
differencedor caninespremolars, and alarswere also made in each arfon statistical

purposes

Cuspids:

Inter-occlusal arch widtlior cuspids wasneasured from cusp tip to cusp tip.
Inter-apical distance&vasmeasurd fromapex to apex.

Fig. 2a Fig. 2b

Figure 2:(a) Maxillary CuspidlOD/IAD and(b) Mandibular CuspidOD/IAD
measurments.
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Premolars:

Inter-occlusal arch widtlior maxillary premolarsand mandibular second
premolarsvas measied between nefunctional cusp tigFigure 3and 4aandb).
However, the inteocclusal arch width for the mandibular first premolars were measured
from the functional cusps due rudimentary lingual cusps of these te@igure 3b)
Inter-apical distane was measuredoim premolar apex to apex. When troots were
present théuccal rootapex washosenThe first and second premolars weneasured

separately anthen combined forall measurements for statistical purposes.

Fig. 3a Fig. 3b

Figure 3: (a) Maxillary PMA4OD/IAD and (b) Mandibular PM10OD/IAD
measurments.

27



33.50 mm

Fia. 4a Fia. 4b

Figure 4: (a) Maxillary PM20OD/IAD and (b) Mandibular PM20D/IAD
measurments.
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Molars:
The nterocclusal arch width was measured in two different wlyse
measurement was maftem central fossa to central fos3dis measurement Iess

affected bytipping of these teetthanif the cusp tips were chosen.

4630 mrr

Fig. 5a Fig.5b

Figure 5: (a) Maxillary MAICF and (b) Mandibular MICF measumnents
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The secondmeasurement wasadce between thaonfunctional cusp. After first
coordinating the poistin the coronal viewThe nonrfunctional cusp/groovin the frontal
view were then chosen

To measure the intapicaldistance in the mandibléhe mesial root apices were
selected § scanninghrough sectional slicaa the frontal view until the firstnolar
root apices on either side of anerevisible. For maxillaryfirst molars, thenter-apical

distanceof the palatal root was chosen.

Fig. 6a Fig. 6b

Figure 6: (a) Maxillary MAIOD/IAD and (b) Mandibular MAIOD/IAD
measurments
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Angular measurements:

The angulatiosof the maxillary teeth were alheasuredelativeto the point of
intersetion betweerthe nasal septum artie nasal flooras wasseen in the frontal view
The angulation ofhemandbular teeth wereneasuredelativeto the bwest border ofhe
mandible in the frontal viewAngulationsweremeasured gmrately on each tooth for the
right (R) and left (L)side, but the combined R and L for each tooth is reported for
statistical purposes.

Maxillary Canine angle betweenusptip to apex to nasal floor

Mandibular canineangle between cuspid cusp tip to apex to the lower border of

mandible.
PremolarsThe nonfunctional cusp tips to apex to nasal floor in maxilla tmthe
lowestborder ofthe mandibleFunctional cusps were cben for mandibular PM1f

there were two premolar roots available the buccal root was chosen.

Fig. 7a Fig. 7b

Figure 7: (a) Maxillary PM4angulation and (b) Mandibular PMahgulation
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Molars: The central fossa to furcation to nasal floor or lowest border of the mandible.

Fig.8a Fig. 8b

Figure 8: (a) Maxillary Miangulation from central fossa to furcation to nasal flo
and (b) Mandibular M&angulation from central fossa to furcation to lowest point
mandibular border
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Skeletal archwidth measurements:
The skeletal arch th measurements for each of the teeth included the distance
between thalveolar bone and thespective tooth to the same point on the rosiae of
the arch
IBACDA Buccal crest of bone to buccal crest of bone

ILACDA Lingual crest of bone to linguatest of bone

Fig. 9a Fig. 9b

Figure 9: (a) Maillary PM2-IBACD/ILACD and (b) Mandibular PM2
IBACD/ILACD measurenents
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Arch length:
Arch length was measured as feependicular distance fromline connecting
themesial ofthe firstmolars tothe contact betweethe central incisorsThe maxillary

arch lengtb weremeasured in the volume viewhereas the mandibular measurements

were done in the section view.

Fig. 10a Fig. 10b

Figure 10: (a) Maxillary arch length and (b) Mandibular arch length
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Inter -occlusal arch width measurements

The same data was also gathered for individual tooth usingBhec®rdinate
system for better visualization of individual tooth to be measur

The measuremesof theinterocclusal arch width distances were obtained using
thesection and volume viewsr all teeth as if looking at a dental cast frimocclusal.
This was done to compare the relative accuracy of these views as opposed to the
previously measured int@cclusal distances therespective teeth using the three
coordinate systemThis viewhelps identifythe most exact point of intereshceyou
have the option of manipulating the section view in the frontal, sagittal andatoro

coordinate system before the actual measurement is obtained.
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a. Maxilla
i. From cusp tip to cusp tip of canine
ii. From buccal cusp tifo buccal cusp tip of*land 2 Premolar

iii. From buccal groove to buccal groove dfrolar

Fig. 11a Fig. 11b

Figure 11: (a) Maxillary IOD Volume view and (b) Maxillary IOD Sectioaw
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b. Mandible
iv. From cusgip to cusp tip of canine
v. From lingual cusp tip to lingual cusp tip of and 2 Premolar

vi. From lingual groove to lingual gove of ' molar

Fig. 12a Fig. 12b

Figure 12: (a) Mandibular I0OD Volume view and (b) Mandibular IOD Section

Note: The mandibular first premolar measuremémusseen in Figl2b were
excluded from comparison dhe three viewsThis wasbecause, in the 3D
coordinate system, the measurements were obtained from the functional cusps
rather than the nefunctional cuspslue totherudimentory naturef the lingual

cusps.
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Assesment Methods

1) To evaluate the effecf @ach treatment separately, changes in the-otelusal
arch dimension (IOD), inteapical arch dimension (IAD), and the arch length
(AL) were compared, respectively.

2) To compare the dental and skeletal differences bettheddamon and
Conventional sysims,differences between the prnd postreatment arch width
and arch length cinges in each treatment group wareasured.

3) To evaluatehetranslation of the alveolus latergliyre pre- and postreatment
dimensional changes in buc¢dBACD) and lingial (ILACD) plateswere
compared.

4) To evaluate axial tipping of teettihe pre and posttreatmenmeasurements of
IOD andIlAD changes and the chargga angular dimensiowere compared

5) To evaluateheaccuracy othedifferent views using CBCT, reading$ inter-
occlusal arch dimnsionsverecompared amonthe three viewsthe section view
at one glance for all involved teethgvolume view with arches being handled
like dental casts, and the individumeasurements obtained via@ 8oordinate

system
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Statistical Analysis

For the assessment of erreeveral CBCTsf patients were randomly selected
and were remeasuredSystematic errors were estimated by using a paitadetit test;
no significant differences ewed48) whsausetfdr. Dah
calculation of combined method errors in locating and measuring different landmarks:
&Sd¥2n, wherel is the difference betweehetwo measurements of a pair, and n is the
number of double measurements. Since, in this study théspaiinterest were located at
different spatial orientati@and clinically some seemed harder to locate than others,
Dahl ber g6 swasparformedloraduplicated measurements with regards to their
degree of difficulty. In case aofery difficult measurements.g. maxillary teeth
angulation), 15 measurements were randgmplerformed on random cas@his method
error did not exceeBl.3 . The @ame calculations were performed for four moderately
difficult points (IBACD, ILACD) and four easy points (IQDAD). The method error in
these cases did not exceed 0.63ranud0.053nm, respectively.

To evaluate changes within each treatment category (Damon or conventional
hypothesis 1 and)2a paired-testwasused
To evaluate dental and skeletal changes detvdifferent treatment groufisypothesis
3), an independernttestwasperformed on the differences between initial and final
measurements in each treatment category.
To evaluate significant difference between different views of CR@&way ANOVA

wasused(secondary hypothesis)
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RESULTS

Hypothesis1: Damon inital vs. Damon final measurements
In order toexaminethe changes from initial to finghpairedt-test was performed

for each respective toothos |1 OD, | CF, | AD,

Maxilla: (Table2)
All inter-occlusal arch width distances for the measured teeth (K9, PM1,
PM2, and M) increased during treatmehtowever, statistically
significant differences were observed ofdythe cuspidsg=.024 t=
3.530 and thdirst ard seond premolargPM1: p=.0211=3.688;PM2:
p=.032 t=3.236. The intercentratfossadistance between thgst molars
increased to a statistically significant degrigd{ICF: p=.026 t=3.469.
However, hefirst molarsinterocclusal changevhen measured at the ron
functional cusps did not showsggnificant differencelnterapical
distanes ofall measured teeth decreaskdtthe changes were not
statistically significah The arch length increase during treatment
approachedtatisticalsignificance(p=.078 t=2.356 mean<.7mm).
Mandible (Table 3
All inter-occlusal arch width distancexreased to a statistically
significant degree(K9: p=.04 t=2.752; PM1: p=.004=5.061;PM2
p=.01 t=4.006, and M1p=.005 t=4.671J). Distance between thater
centratfossa ofthe first molars increased to a statistically significant

degregM1-ICF: p=.002 t=6.03). Theinter-apical dimension for the K9
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and PM2increasegdwhile for the PM1 and MIecreasedout none to a
statistically signifi@ant degreeArch lergth increaselao was not

statistically significan{mean=0.7mm)

Hypothesis2: Conventional initial vs. Conventional final measurements
In order todeterminghe changes from initial to finaheasurementsapairedt-

test was performed f olCFé®Dcahdarclelengtect i ve t oo

Maxilla: (Table 2)
All inter-occlusal arch widtlmeasurement&9, PM1, PM2, and M1)
increased during treatmeitowever, there were statistically significant
increases in the intarcclusal arch width gaianly for the first pemolars
(PM1: p=.017 t=3.909. The intercentratfossameasurements between
thefirst molars increased slightly during treatment, but aat significant
degreeTheinterapicalmeasuremeniscreasedlightly in all measured
teeth except for MWhich decreasedlightly, with theonly PM1
approaching a statistical significange=.06 t=2.597. Arch length
increasedmean=1.2mm) but not to a statistically significant degree.

Mandible (Table 3
All inter-occlusal arch width(K9, PM1, PM2, and M1) incread during
treatment. However, there were statistically significant chaoglgsn the
K9 (p=.045 t=2.88]) and PM2(p=.031, t=3.257), with M1 approaching
statisticalsignificance(M1: p=.075 t=2.390. Thefirst molars nter

centratfossameasurementsicreased slightlyhut not to a statistically
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significant degreelhe interapical distance of M1 and K9 both increased
however onlythe K9-IAD increase was statistically significafpt=.026
t=3.439. Both PM1 and PM2 intesipical distancedecreasedut not
significantly.Arch length increased (0.3mm), however not to a statistically

significant degree.
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Table 2: Damon and Conventional maxillary arch measurerbefdse and after
treatment: intencclusal arch dimension (IOD), firstatar intercentral fossa (ICF),
inter-apical dimension (IAD), and arch length (AL).

*Red = significant, Blue = approaching significance.
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