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ABSTRACT
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CHAPTERI NTRODUCTI ON

Biting and chewin@rethe fundamental functi@of the masticatory system. The jawvhich
is a detached bony component of 8iall, contains teeth in the middle artdrminates in
condyles on the left and right en&fessae are located at the bottoraskullandaccommodate
the condylesThe temporomandibular joints (TMJ)mprise condyledpssae cartilages and
other soft tissuesMasication is fulfilled by means othe masticatory muscleébkat originae
from the skull and insernto the jaw During biting and chewinghe jaw functions asan

articulated structure.

As a specific dent $heedsiraelylisdussdwithurespect toMdIss on 6 s
Further, relationship between the morphology structure of TM3 and dentofacial
characteristicsemains unclearAlthough numerousstudies havebeenundetaken toward
understanding thpossibleeffects ofocclusal factas in temporomandibular disorders (TMD),

only a fewof thosehaveexplordthe correlationof the morphological features of TMJs and
dentofacial characteristicand little attention has bedéncusedon not only the motion othe

mandible but alsthe potential assiation ofits motionto TMJswith the foregoingcorrelation

From a systemipoint of view, the masticatory system may reach a compromisefaitare

of avulnerable part or parts during the masticatory function, such as tooth fracture, alveolar

bone reorption, TMD and so on.

Several gneral research questionsre proposed based on the literatureist(@eechapter 2

for detailg and are describeak follows:



1. Can Mo repghersnb@dentifiedin both the maxilla and mandible with respect to
TMJs?

2. Are the morphological features of TMderhapsorrelated tasome ofthe dentofacial
characteristics?

3. If there isa correlation,how may the biomechanical mechanismccount forthis

correlation?

This thesis tot wmhys waetrt d mpthedd d we | pwe stgi speci f

antdheir scopes twerfemctiHug adef itrheed st udy

0 Objective 1To measure the radii ® o n s @Gphéresinthe maxillary and mandibular
dentitions with respect to TMJ condyles in the Chinese populatltmmeastemens
weremade on CT DICOM data.

o Objective 2 To investigate a potential correlation between specific dentofacial factors
and TMJ features, especially the condylar heigfingughanalysis of CT DICOM data.

o0 Objective 3Tostudythe biomechanical mech&m of this correlationlhis study was

restricted to speculation only; no further experirmohwas conducted.



CHAPTERBARCKGROUND AND LI TERATURE REVI EV

2. Background

Accor di ng t o AMA«(busnanh mattizafy 8ystemtiee functiond unit of the
body primarily responsible for chewing, speaking, and swallowihg. systenalso plag a
significantrole in tasting and breathing. Theasticatorysystem is made up of bones, joints,
ligaments, teeth, and muscles Tdoraponents othe madicatory systencan be further
grouped intahree major skeletal parfsaxilla, mandible and temporal bay@ndfour pairs

of muscles(masseter, temporalis, medial pterygoid and lateral pterydbid. 2.1) The
maxillary and mandibular dentitions uslyatontain 2832 permanent teethThe anterior
maxillary teeth commonly overlag part with the mandibularteeth and the overlap is
characterized by two parameters (Fig. 2aerjet (horizontal overlap) and overbite (vertical

overlap)

NSRS
//
7

temporal bone

temporomandibular

?L‘ «/’w’"

maxila e . f joints (TMJs)
mandible yoo / masseter
\ o ‘ temporalis

Fi gL P2rt of c omepsotniecnattsoroyf system



Maxillary e Y]
i ncisc

vertical overlap

_mandlb_ular ——
i nNci sc

horizontal overlap

Fi g2 T®&a types of overlap.
fiReproduced by Ao Sun from Okeson, J. P. : Manag

occlusion (6%T3h Std.i t Liz2oand)& M obddQye

Temporomandibular joint€sTMJs), one of the most sophisticated joints in humanié®are

formed by the mandibular condyles andfibgsae of the temporal bgweth thearticular disks
separating these two bones (Fig®)2TMJs can fulfill not onlya hinging movement but als®o

gliding movement so are named ginglymoarthrodial joints(Okeson, 2008) The two
projections of the condyle are called lateral and medial poles (LP and MP), and the mediolateral
angulations to th&ansveral direction(§ DMN and § DNM, Fig. 2.4) range from 15 to 33

degres (Gray & Al-Ani, 2011).



fossae of the

temporal bone _ _
articulardisc

lateral pole (LP)

medial pole (MP) mandibular condyles

Fi g3 Agicular disc,fossa andondyle @nteriorview).
fiReproducd by Ao Sunfrom Okeson, J. P.: Management aff@oromandibular disorders and
occlusion (6th edition), Page 7, St. Lou

LP LP

M N

D

Fi g4 Mzdiolateral angulation of condyle heads to trans@iane
(5§ DMN & § DNM); angulation of mediolateral axes of the twadgle heads§ MDN).



2.2 Occlusal Curves

2.2.1 Background

In early dentistry, some specific aspeaaitslentitionwere observedn 189Q F. Graf von Spee

illustrated the curve of occlusion after studying skulls with abraded tetihservatiomow

defined as th&urve of Spee (Fig2.5). According to his descriptiothe curvefib e gi ns at t
tip of the | ower <canine, foll ows the buccal
continues to the anterioqrCulbtwred erh . @dfp gtehd nma rhd
pl an€urvdeof W | somwhientboitnlat else abecacale and | i
the posterior teeth omakceadamfd® iadie i onfa gti meardye rct
l ine, which is conoweaewe iinn tthhree maandil bal &in@C wrowm
26). Basedt wamu rtvheess,e Monson propo&gudch eviheer eloyn c e |
t he mandi bul ar incisal edges, other teeth cu
on a segméeretreof( Monson, 1937y i aAgteérwhireang . t o |
4i nch equil wakomamedrbwawnghe | ines between t he
mandi bul ar centr al i nci sors and the denters
radi us éf sMohnesroen gtasst dde@Pf Ok es on, 2008) . Mor ec
Sspec ulhaatted n i dwaad sciamsielsarmudshpbhyeerteh ef omaxi I | ary

articular surfaces of the fossae (Needles, 1



Figh CArve of Spee.
iReproduced by Ao Sun from Lynch, C. D., & McCon
of the curve of Spe&@heudeupnfhathef Bpda@dGpheékDe3d dg

Fi g Curve of W |l son and Sphere of N
retrfirrowmmd. pocketdentistry. com



http://www.pocketdentistry.com/

Fi g7. Bb.nwsi ITr i(aABgChed B&n winigh AL .(

The cornceptof occlusal curvatures important in dentistryln orthodontics, Andrewgl972)
proposed thabptimal intercuspation depends anrelatively flatocclusalplane and that
leveling theCurve of Spee is a primary godheresultof levelingthe curvewasprovento be
stableby a posttreatment review (De Praeter, Dermaut, Martens & Kuigdaggman, 2002).
For prosthetic restoration, cliniciarase able taeconstruct occlusal curvatures with the help
of a flag technique (Broadrick Occlusal Plane Amaly (Lynch & McConnel, 2002), or
through use of simplified occlusal plane analyzer (SOPAat provides a 4nch radius

indicator from the condyle axis of the articulator (Dawson, 2007).

2.2.2 Measurement of Occlusal Curves

Due toimportantapplicatons in clinical routinestremendousfforts have beernundetaken
regarding the study ofcclusal curves, includin@urve of Speé, Curve of Wilsorf and
Mo n s dSphére Ré et al. (2008) dscribed thafithe mean radius of theurve [of Speg,

initially proposed by Spee himse]in reality] was much lower, G50 millimeters in adults.

1 Also called sagittal occlusal curve.
2 Also called coronal occlusal curve.



Similar values were obtained by Hitchcock: 69.1 millimeters + 12.3, and Orthlieb: 83.5

millimeters(standard deviation: 21.3, based on 470 observatimns).

Variationsofthe a di i o fSphbtewer: alsodliscovered amadiifferentethnicgroups
Studies in the literature have shown tihaheasuremesbf the models of dentitioilGaucasian
young adults haveneaverageadius ofapproximatel01 mm (Ferrariet al, 1999) by contrast
to 110.6 mm in Japanese young adults (Kagayal, 2009) and 110.89 mm in Korean young

adults (Nanet al,, 2013).

Christensen (1958) was skeptical about the correctness of the length of each side of Bonwill's
Triangle and hencalso abouthe gauge of MonsonSpherethat was based on Bonwill's

Triangle. He pointed out that the average measurement of Boriwidlisgle did nowery well

match the results he reviewddr example, only®of 300 j aws were in | ini
Triangle figures (Christensen, 1958 Moreover, the intracondylar distance of the mandible

could vay considerably betweedried mandiblesand mandibledfirst dippedin water for an

hour(Christensen, 1958)

2.2.3 Associationof Occlusal CurveOther Dentofaciahttributesand TM&
There exist some specific relationshifggween occlusal curves and dentofacial characteristics
The radius oinocclusal curvenay haveclinical significanceas well asome association with

other dentofaciadttributes

Xu, Suzuki,Muronoi and Ooya (2004) found that gender had no impact on this curve, which
was in agreement with the findings Ieérrario, Sforza and Miani (1997) akérrarioet al.

(1999). Howeversome researchers held the opposite yiasguingthat there wergende



differencesn the occlusal curvegparticularlythatthe sphere radin maleswere larger than

thosein females (Kagayat al, 2009; Nanet al, 2013;Fueki, Yoshida & Igarashi, 2013

B a y etaalk(2004) recruited 137 untreated subjects, 76 girls and 61 boys aged from 13 to 16
years, and evaluated the cephalometrical films and dental casts gfailnewho were
categorized into three groups in terms of the depth ofthree of Spee. fiey found that the
variation of theCurve of Spee had a significant impact on overjet and overbite¢hatalerjet

and overbitavere significantly larger ithedeep Spee grougs compared tthose intheother

two groupsA similar result wasbtainedby Cheonet al (2008) where overjet and overbite
increasd, the Curve of Spee beme deepe Farella, Michelotti, Eijden and Martin2002)

noted that when the condyle®resituatedfurther posteriorly to the mandibular dentitjan
whenthe sagittal psition of the mandiblewaslocated more anteriorly to the anterior cranial

base (SNB), the radius of the relati@erve of Spee increased.

Veli, Ozturk and Uys&l2015)stated hat he depth of th€urve of Spee decreased with respect
to the AngleClassiication in the following orders: Class Il Division 1, Class Il Division 2,

Class | and Class Il malocclusion groups.

Sakaguchi, Uehara, Yagi and MiyawdRD12)asserd that the masticatory bite force of the
study population increased with the growftthee radius of the occlusal sphere formed by the
mandibular premolars and molars. Fueki, Yoshida and Igarashi (2013) examined 50 young
adults to explore the association betwtdwocclusal curvature and masticatory function. They
reached the conclusiohdt a flattermandibularcurvature(a larger spherein the subjects
supported bettan food comminuting and mirg ability. In addition,while the median of the

sphere radis in themale subjects was greater than thahefemale group, the differeneeas
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not statistically significant.

Although the movement of the mandible is complex, the interactive harmony of the occlusal
curves appears to be one of the eletagntraitsof the masticatorgystem With appropriate
curvature of theCurve of Spee, ptausive contact of the incisor teetitcured without
interference from the posterior teeth (Needles, 1983)apanese adults, teirve of Spee in
mandibular dentition was significantimore squeezed thathat in maxillary dentition (Xu,

Suzuki, Muronoi& Ooya, 2004). Moreover, by analyzing 46 young adults with complete
dentition, FuekiYoshida, Okano and IgaragRi013) revealed that the masticatory movement
was significantl y Bphepeaaditseand dlflatter odelesal Miovatilses n 6 s
were suggested to be associated with faster mandible motion and codttiuieewing
efficiency; further, there wasa significant difference between the gender categories in the

sphere radii and the movement parameters.

In order to differentiate occlukaurvatures in people with and without signs and symptoms of
Temporomandibular Disorders (TMDs) (@ range of conditions affecting the
temporomandibular joints, masticatory muscles and contiguous tigdaesredini, 20D]),
Kanavakis and Mehta investigdtd00 subjects (78 female and 22 male) and found that the
Curve of Spee of subjects with TMJ sounds were more likely to be flatter than those without
TMJ soundslto et al. (1997 proposed that the curve of Spee and the curve of Wilson were
significanty different between thecraniomandibulardisorder patientsvith clicking and
locking and the healthy subjectsli et al. (2003) reported thadfter analymg 37 female
orthodontic patientsthe values othe occlusal curvatures of the specific mandibulathee
differed significantly between the deviated side and the-tewiated side in patients with

TMDs. Nevertheless, no significant association of the occlusal curvatures to mandibular
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deviation was found in the group without TMDs, so the authors propoaeduth occlusal

curvatures in patients with TMDs might result from compensation to the mandibular deviation.

To sum up, occlusal curvamay to a certain extenbe aconsequencef the chewing
performance of thenasticatorysystem, anget alsomay be assciated withother dentofacial
characteristicgthis will be discussed laterfrurther if form follows function, the margin of
diversityin some specific anatomic structures of the masticatory system mayresauilyfrom
adaptionfor satisfyng the demads of the body under certamtherconditions such as food
supply, dietary preference, gender differeacel so onHowever, once the variation of the
form exceeds the tolerance limit of the system, detrimental effeatisiay look like a fatigue

effectin engineeringnay occur in the components of the system

2.3 Associationof OcclusalFeatureandTemporomandibular Disorders

As a prevalent craniofacial muscloskeletal problEMDs affect approximatelyi5L2% of the
population (Faial Pain, n.d.). The arethreemajor groups of TMDs diagnosis: (1) muscle
diagnosis, (2) disc displacement and (3) arthritis (Zarb & Carlsson, 1999). Although
researchers belied that the etiopathogenesis of TMDRgas multifactorial (Seligman%
Pullinger, 2000; Chisnoiatal., 2015), the role of the occlusal factors is still unclear and even
controversial in relation to TMDs. Hence, a number of studies have probed into the association

between occlusal variables and TMDs.

2.3.1 Overjet
Overijet is likely to be prevalentlyorrelated to TMDs. Solber&ibb, Nordstrdn and Hansson
(1986) reportedhatexcessive ovggtwa s r el ated to TMJ di sk repl

and Panduril (2002) evalwuated 230 young mal e
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at least one syptom of TMDs while at least one sign of TMDs occurred in 45% of the subjects,
and a weak association between TMD signs and more than 5 mm overjet was drawn by the
authors.Kanh et al. (1998) investigated 82 asymptomatic volunteers and 263 symptomatic
patients, 27 and 22despectivelywith disk displacement, anmbncludedhat patients whose
overjet was no less than 4 mm might be at high risk of suffering from TMibe fature. For

those patientst was necessary to assess other signs ofamnticularTMDs (Kanhet al, 1998).
According to Pullinger, Seligman and Gornbein (1993), subjects with more than 4 mm overjet
were considered to be vulnerable to Osteoarthrosis and Myalgia [@nanother study,
Pullinger and Seligman (2000) confirmed thaigéx overjet was positively related to the
patients with osteoarthrosis. Nevertheless, stualy of 3033 subjects frontwo population

based crossectional studies, Johat al (2002)concluded that no association of overbite or

overjetwith selfreported TMDwas detead

2.3.2 Occlusal Schemes: Contacts and Guidance

Despite the weak association between unilateral temporomandibular disorders and asymmetry
in the number of occlusal contacts, Ciancaglini, Gherlone and Radaelli (2003) pointed out that
individuals with unilateral TMDs demonstrated relatively greater deviaticortacts between

sides. Bit based on Laurigt al (2014), the numbers of occlusal contacts had no impact on the
three groupshatwere categorized by the magnitude of TM.( without TMD, with mild

TMD and with moderate to severe TMD).

After examining contact patterns of the mandible laterotruside and mediotrusiveide
movements of 240 subjects during sleep, Kawagjoal (2009) noted that the intensity of
mediotrusive side t#h contacts on molar areas during sleep bruxism was suggested to be

associated with the signs of TMD, such as clicking and jaw pain. Moreover, the absence of
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canine guidance on lateral excursion was believed to contribute to the development of TMDs
(Selamenet al, 2007).However,Kanh et al. (1999) held the oppsite opinion from their

results group function guidance was more prevalent on both right and left sides in
asymptomatic volunteers with normal TMJs, whereas canine guidance was more prevalent on

the right side in the symptomatic group with TMJ disk displacement.

2.3.3 Malocclusion

Selaimenet al. (2007) stated that there was correlation between Class Il malocclusion and
TMDs through the analysis of 72 TMD patients with myofascial pain and 30idodls
without pain. Kanhet al. (1999) advocated that ClassDIvision | malocclusion was more
common in the symptomatic group in comparison with the control gByupontrastMohlin

et al.(2007)negated the significant association of specific tygferalocclusions to TMDs in

a systematic literature revieand they recommended more longitudinal studies on this issue.

2.3.4 Unilateral Posterior Crosshite

According to Pullinger, Seligman and Gornbein (1993), unilateral posterior maxillary lingual
crossbite had a 10% overall incidence in the adult subjects studied, and could contribute to the
occurrence of TMJ internal derangemeBéligman and Pullinger (2000) reported that the
condition of unilateral posterior crossbiteaidiagnostic grougomprsing124 female patients

with intracapsular TMD was significantly distinct frahmat inthe groupcomprisingd7 female
asymptomatic control subjects. Pullinger and Seligman in 2000 repeated the positive relation
between unilateral posterior crossbite aatignts with TMJ disk displacement (Pullinger &
Seligman, 2000)To the contraryhowever,Farella, Michelotti, Milani and Martiné2007)

stated thatbased orevidence from 1291 subjedtsthree schoolsTMJ disk displacemenh

young adolescents was ragsociated with unilateral posterior crossbite. Apart from unilateral
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posterior crossbite, Solbergibb, Nordstrén and Hansson (1986) related partial or total
crossbite to increased deviation in form (DIF) of all the TMJ components.

2.3.5 Loss of Postéor Teeth

The loss of posterior teeth appears to be another risk factor for TMDs (Pullinger, Seligman &
Gornbein, 1993)with risk compatibility of the TMJgossibly relativeo the number of lost
posterior teeth (Pullinger & Seligman, 2000). Tallezitd. (2002) claimed that the incidence

of missing mandibular posterior teetlashigher in the symptomatic TMD patients with disc
displacement after estimating 82 asymptomatic volunteers and 263 symptomatic TMD patients.
Wanget al (2007)concluded that #oss of posterior teeth contributed to tieeurrenceof

TMD symptoms froma study of113 patients whdnadlost posterior teeth, 64 with and 49

without TMD symptoms.

2.3.6 OtherFactors

Other factors such ascclusal interference (Clark,sukiyama, Baba &Vatanabe, 1999)
nonworkingsi de i nterferences (Celil, Jel€Crslidesmov &
(Pullinger & Seligman, 2000) were suggested toheerisk factorgor TMDs, while Kanh et
al. (1999) described that more nonworkisige contactsvere detected imn asymptomatic

volunteer group than in the symptomatic group.

Although most of théindingsseem to suppothe premisehat occlusal factors are important

risk indicators for the development of TMDs, it was emphasized that there siaspie cause

effect relationship between a single occlusal feature and signs and symptoms of TMDs (Kahn
et al, 1999), andhat the correlation of occlusal factors to TMDs was not the appropriate

determinant for the identification of patients with TMD®(Ci | , Jer ol i mov & Pa
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In addition, neither should the effect of the occlusal features for characterizing patients with
TMDs be exaggerated (Pullinger 8eligman, 2000), nashould clinicians conduct occlusal
therapy onbut a presumption of otasal cause or without controlling the TMDs symptoms
(Seligman & Pullinger, 2000). Some occlusal factors were supposed sebendaryputcome

rather tharcausative in the occurrence of TMDs, such as anterior open bite or reduced overbite

in osteoarthrds in adults (Pullinge& Seligman 2000).

2.4 Morphologic Changes of TMJs and Condylar Height

Despite the exclusion of the flattening shape of the condyle head as a determinant sign for
diagnosing TMJ osteoarthritis degenerative joint disease b ma&d , aR009; eSchi f f |
al . 2)0rodphologic analysis of the condyle has become of increasing concern to
researchers exploring the correlation of TMDs to occlusal variddtmsgini (1977) stated that
remodeling of condyles could result from a fuimnal adaptation of the joint under a new
registration of occlusignand ina specific population might antedate symptoms of a-pain
dysfunction syndromeZarb and Carlsson (1999) proposed that {omg exposure of the

TMJs to functional or parafunctionlalding might cause adaptive joint changeserahtually

even joint degeneration; moreover, the alternation from adaptive to degenerative osseous
changes with symptoms could be induced by certain factors such as genetic predispositions,
trauma, dental mphologic defects, et©n the contraryhowever,Dawson (1999) described

his perspective in a position papassertingthat lost condylar height led to spontaneous
posterior teeth weaFurther Krisjaneet al. (2012) mentioned that the changes in ocolsi

mightfollow degenerative bony alternatiohthe condyles

3 Bone remodelingAbsorption of bondissue and simultaneous deposition of new bone; in normal bone the two processes
are in dynamic equilibriumRemodeling (n.d.), Miller-Keane Encyclopedia and Dictionary of Medicine, Nursing, and
Allied Health,7th ed (2003). Retrieved April 15, 201#%om http://medicaldictionary.thefreedictionary.com/remodeling
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Ribeiroet al (2015) exhibited the TMJ shapes in four categories PRy and reported tham

their investigatiorthe rounded condylesere the most prevalent in the lateral and posterior
view; however, they found that there existed differences between the shapes of some condyles
and the relative fossae. The authors attributed the presence of articulating thiskotethat
assistccomplex movements of TMJs antakes up fothe disharmnies of the morphologic

variations between the condyles and fossae.

Fi g8 L&teral view and posterior view of shapes of condyle heads
a. rounded, b. angled, c. flattened, d. mixed
fiReproduced by Ao Sumom Ribeiro, E. C.Sanches, M. L., Alonso, L. G., Smith, R. L., RIBEIRO,
E., SANCHES, M. & SMITH, R. (2015). Shape and Symmetry of Human Condyle and Mandibular
Fossa. Int. J. Odontostomat, 9(1)] 852 . 0

By observing 96 isolated left condyles and the relative occlusal tommgli SolbergBibb,

Nordstrén and Hansson (1986) proposed that the morphologic changes were related to
malocclusion andvereinfluenced by the interaction of malocclusion and age. The subjects

with flat condyles from the coronal view showadhigher prewalence of deep overbite.
Katsavrias (2006) reported that owadf atnhde r o
shapes of 94 condyl es of 47 subj enth the wi t h

investigation of the tomograms from 189 patients (109ld3ivision 1, 47 Class Il Division
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2 and 33 Class lll), Katsavrias and Halazonetis (2005gned that differences of condylar

shape occurred between the Class Il grouptl@dthertwo Class Il groups, anithatthe fossa

shape was wider and shallawe the Class Ill groups in comparison to thos¢heClass Il
groupsKrisjaneet al (2012) explored the degenerative changes of the joint structures with the
conebeam computed tomography images of 45 Class |, 28 Class Il and 44 Class lll joints of
Caucasian patients, and they concluded that erosive changes were more common in the Class
Il and 11l populatiors, with more than 10% incidenae both Articular surface flattening was

the most prevalent feature of the joints in all three grolipey assunthat the occurrence

of articular surface flattening and osteophytes reduleitherfrom some degenerative

remodeling ofrom the adaption to functional loading.

Mongini (1980) demonstrated that the occlusal alternations could be the r&ason
degenerave changes in TMJs, artthat occlusal therapyrobably couldcontribute to the
reshaping of the condylthrough bone remodeling; moreover, flattened condyles due to
occlusal variation tended to be reshaped into rounded ones after occlusal therapyn@akaya
al. (2008)found that the incidence of bone change in the condyles of the TMD group was
higher than that in the dental group (17.¥811.6%) from an investigatioaf 570 patients

with TMDs and 970 patients without TMDs; furthermorepsth bone chages presented

differently in each group according to occlusal pattess| assi fi ed by the Ei ¢

Cevidanest al (2010) studied the thresmensional surface models of mandibular condyles
generated from conrleeam computerized tomography imagef two groups 29female
patients withosteoarthriti OA) TMJs and 36 asymptomatic female subjects. They found that
60% of the condyles of the TMJ OA group displayed diffgdegrees of surface flattening,

whereas some degree of condylar flatteninguoed in only 15% of the subjects in the other
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group. In Fig.2.9, the authors show the degenerative osseous changes of the condyles in a
progressively deteriorating way, where the condylar height redgiealually. Moreover,
compared to the control grougpecific locations of the condyles witisteoarthritigsuch as
anterior surface of the lateral paethe posterior surface of the medial palgpresented the

resorption.

Degenerative mild moderate severe

remodeling

@ Flattenlni; ; ii
Erosionsi i § t ?
Osthe@ i; E i

Fi g9. TBreedimensional morphologic distributiaf condylar shapes
fiThe 3dimensional morphologic distribution of condylar shagesociated with a possible continuum
of osteoarthritic changes. The vertical axis illustrates the progression (flattening, erosions, and
osteophytes) of degenerative changed the horizontal axis illustrates levels of sevefprinted
from Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology and Endodontology, 110(1),
Cevidanes, L. H. S., Hajati, A. K., Paniagua, B., Lim, P. F., Walker, D. G., Palconet, (QRhilli#s,
C., Quantification of condylar resorption in temporandibular joint osteoarthritis, Page 114, (2010),
with permission from Elsevigy

Recently, therdhas beera trendtoward more precise and reasonatpentification of the
changes in condyle§’he measurement of the condyle heigfter conservative orthopedic
treatments one of the criteria of the assessment of condylar remodeling. Kinzinger, Kober and
Diedrich (2007) introduced a solutiéor quantifying the morphologic changes in the colady

by usinganalysis of magnetic resonance inmgg(MRI) in order to estimate the prognositic
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conditions of condyles after fixed orthopedic appliances treatment. In their study, they
generally classifiedhreetypesof the condylar shape in every planetioé¢ axial, frontal and
sagittal planes, and they proposed that the frontal and sagittal condylars fueiglit be
measured in the corresponding plane respectively 2Eif.shows the condylar height in the
frontal plang. According to Maet al (2013), gnificant growth of condylar height was
detected aftepneyearof AndresenActivator appliance therapy in 24 Angle Class Il Division

| malocclusion teenage patients. In addition, gauging condyle h&aghalso required after

TMJ surgery (Heaet al, 2013.

Summit

Medial
Lateral Pole

Pole

Fi gl 0 Qondylar heightin frontal plane
fiadapted fronKinzinger, G., Kober, C., & Diedrich, P. (2007). Topography and morphology of the
mandibular condyle during fixed functional orthopedic treatmeatmagnetic res@mnce imaging
study. Journal of Orofacial Orthopedics, 68(2), 124"

2.5 Concluding remarks

According tloi ttehreetasruar,eema@utr vef oiff seSpert r over s
evaluati os cfphMosexaadmpegnaodn t he ,motdlkeée sawf heimtei
positiombateTMIsneolV a@ldrt i addibthiowmg,h @eeecegesi Vv«
as weaslelveasler afreess enlsiinakleldye t ©MD a csoogetdu chige € ,0

the assddrearntplonl odi sl cehawatbedgemttofradiuales
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is sel domTdhit dess setdnt tuenrmdpedrosrtraenl daati omb gt e st

MondgsSmher e tohhealB ot har yudmd maered hTMIJs asrewepkct
corretilmat e mbsett weemdy !l ar height as a asnpeci fi
dent odtatci ialbhe thdkissscr epancy of the mandi bul ar &
BonwiAhgloeer boveéeej et , the angle of meadiddleat er ¢

di sthaentcweeen t he two condyl es
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CHAPTER3 METHODS AND MATERI ALS

3.1 Materials

In order to determine the number of subjects that were needed to, repamter calculation
was performed witlG*Power 3.1.9.2 If the correlation between the variableisCondylar
Height andOverjet is 0.5 at least 42 subjects are needed Wit power over95% The
database of the CT scamGALILEOS Compact, Sirona D& Systems GmbH, Bensheim,
Ger many) a tpreviousdinicaRetgehDemtad Glinic, Shanghai, Chjnwas reviewed,
and 54 sets of DICOM data of the Chinese patiergse collected. These peoptame for
regular dentataresuch as extracti@mandorthodontic, endodonti@ndbr prosthetic treatment
and were scanned in the maximum intercuspatmsition. Thesampleincluded 43 females

and 11 malewith agesrangingfrom 11 to 49 years (Tabk1).

T a b 11.e Adge andgenderdistribution inthe subjects

Tota Meal St andda Minim Maxi m
devi at
Mal e 11 27. 15. 12 49
Femal e 4 3 28. 9. 6 11 4 6

3.2 Method

The 3D Resolution (isotropic voxel size) thie GALILEOS Compactvas set to b®.3 mm
(Sirona Dental Systems LLC, n. d.), and the exported data were loa@ddIBYM viewer
(Mango, University of Texas, USAJhethreedimensionaktoordinategin millimeters) of the

particular anatomic points and landmarks (T&bh®) weremeasuredy theauthor(Figs. 3.1

4 This is a software program from http://www.gpower.hhu.de/en.html, released on 28 March 2014.
5 There are three effect size conventions recommende(sr@dll), 0.3(mediun), 0.5 (large.
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and3.2), aswerethe counterparts of &fixed prosthetic restorationslowever few anatomical
points (L lateral pole and 3 summits of the condylar heads of three patients)aveneasured
due to the limit of the field of view dhe CT scanningthus,these werestimatedy the author

based onthe measurabl@eighboringanatomical structures

Fig. 31. Summit of left condyle
(DICOM software: Mango, University of Texas, USA)
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Figz TBp of second buccal cusp of
(DICOM software: Mango, University of Texas, USA)

Ta b | 2 A®atomic landmarks and reference points

Mi-doints of incisor edges
Cusp tips of canines

Teeth Buccal cusp tips of mandi bul a
Buccal and |l ingual cusp tips
Buccal adanca¢ulsipnguas of mol ar s
Nor mal contacts of third mol a
Summit of condyl ar head

TMJ s Mi-doint of | ateral pol e
Mi-doint of medi al pol e

Poi nmi-gS,ioft anterior border of
Craniofa Poi nMasN,on
skeleton pinmoAdncave point of anterio
Poi nmosBt, concave point on manc
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3.3 Inclusionand Exclusion Criteria

3.3.1 Inclusion Criteria

o For adults, at least oneach ofmolar, premolar and incisor in each quadrant, and no
fewerthan 10 teth in each dental arcfgr adolescents, at least one permanent molar and
one permanent incisor in each quadrant.

o Patientsverescanned with th jaws in intercuspal position.

3.3.2 Exclusion Criteria

o Patients who werthen receiing orthodontic treatment.
o Patients with 3 landmarks in one condylar hieadtedout of the field of view of the CT

scanning.

34 Ethical Issusand BicREB Approval

The patients signed consent forms befardergang the CT scanning at the dental clinic, and
as wellthe collestion of the CT data was approved by the clifioice the research (gathering
of CT data) was purely observationttiere was no treatment or procedure performed on the
patients the data collection was in line with the BREB regulationsand no persona
information could be identified throughehesearch. Additionally, the present study was
approved by the Biomedical Research Ethics Boattedf/niversity of Saskatchewan (Bio#

161 53; seeAppendixA).

25



35 Measurement dfactors

o Overjet
The avfertalwe mori zont al dpiosi tnat nsc eosf btehtew etewio t ninae
inci sor edges and the mandi bul ar incisors,
Mango.

o Overbite

The average of the ver tpiocianlt st iwosft atahcee $ | bey we
inci sor edges and the mandi bul ar incisor edcg

i n Mango.

o Bonwi |l | @sAng&®ngl e
The andguwlranteidomy the | ine between -pbensummith
mandarmudentr al i ncisors and the counterpart

of the t&GBBAE@ np &Fi).igt s

0 Angulation of themediolateral axes of the two TM{8!-Angle):

The ang(@8M®Ni am2 FAgr med by the auxiliary | i
medi ol at er al axes of the two condyl arnheads
Mango.

o Condylar height in the frontal plaii€ondylar Height)
The average height of threepgmweddamtnidiyd aanbeatscs
summit of the condyl eotiomttsheo fl itrhee hreetdwead n atnh
copwdeFri2g)lO0Ocal cul ated with the coordinates of
0 Angle ANB (ANB) (skeletal relationship)
The angulatioriormed by the two lines connecting three landmarks (N, A and B, BaBle
the value of Angle SR subtractedrom the value of Angle SN in this study. Angle SNA and
SNB were calculated with the coordinates of the points S, N, A and S, N, B respectively. The
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standard value (mean tstandard deviation) of ANB in Steiner analysise¢Adii 2013) is 2+
2°, so usudy people can be categorized into three groups with two valdesd 4, as the
demarcation: Class |, ANB €& >0° Class Il, ANB >4; and Class Ill, ANB <@ In the tables
of statistics analysis of this softhesuhjects,he v a
and t he SteirerAIN8®| e nali cates the | evels of Stei
factor.

o Ratio ofmandibularradii to maxillary radii
The rodt itohe mandti bbaitl awafxritdldeéair yt o atdo iRMEn,eé br evi
val utehmeahdi bul ar radius divi dadiddbyudeice trelradp
t hescdieparhey t wo radii of the subjects.

o Distance between the two summits of the condylar heads
The dstance between the two summits of the condiileads, abteviatedto DisCH, was
calculatedoy the coordinates of the two points in millimeters.

o Radii of tSpthere iMoarilla aml thandib{data fitting for the sphere)
With the assumption that the nmandinkdultahre icreomit
the condyles (in this study, the summit of t

are distributed on a segme@3$p hefr et tea ns bref amoa

foll ows:

(xi af+ (yi b)?+ (zi c?=FR? (3.1
where a, b, ¢ are the coordi,Ratesthhé $shleereap!
X, Y, z are the coordinates of the relative
f or muhleacalmy be transsf ormed as foll ow

Q -0 —W — O W Q _ (3.2)

Thus, z is taken as thea hscempmadigotyndh zk abhbkbe

i ndependent vari abl es. Ddtha SfPiStSt i(nvgercsamnb e
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regression,cam lhe ditevlamoed®i ng out the coef
Il n addition, the maxillary spbateul &t ke uvube

relative cooxidihategst eét hhandat he summits of

36 Dathaal ysi s

o The radi i oSphetetvere cMred abiputilidirg) the linear regression model.

o The frequency histognas and QQ plots demonstratthe frequency distribution of the
varialdes of thesubjects and normal curve.

o Pearsn Correlation was used to explotiee linear correlation of any two factors
comprisingall as wellthe variables, and whether the correlatieas positive or negative.

o0 Todetect whether thensas difference among h e Radi i Sghéregidypeaed §yo n 6 s
factors such as gender, age &tdinerANB, and whether multiple factorsarriedthe
influence or interaction on one specifrariable the univariateAnalysis of Variance
(ANOVA) of a general linear model was perfned. MANOVA was used to detect
whether the multiple variables, as a uwigreinfluenced by a/some specific fixed factor(s).

o The variableshatmight have influencen Condylar Height were udas the independent
variables in dinear regression, whei@ondylar Height acted as the dependent variable.
The insignificant variablesvere sifted out after the processev@ral other linear
relationships between two variables were confirmed and visuaklidhe linear
regression model.

o All the statistical angses were implemented with SPSS (version 19). Statistical
significance(Sig.) was determined bg valueof less than 0.05 (0.05 level); in addition,

the outcome of Pearson Correlation included t@thl 0.05 andevel 0.01.
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o The 3Dscatter diagram geneeat at www.plot.ly demonstrated the profile of the
relationship among Condylar Height aotther threedentofacial characteristi¢g®verjet,

Overbite and RMM)n further/additionadimensions.
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CHAPTER 4 RESULTS

| bhe pregdied suwbhdesttthse c(rsiseetrdi.jathe se | ef crt@end

dat abase that contained tens of Bumamperdiss ed
43 femalaegdphdmendbs 46 yeatds 9mépnanrd .aklgle daal e
frdmMl tyear9s ( m&dan 1&7060)pe Sthhye gopegohatsoed of

teenagers and 40 adults.

TablleLé#near regr®ssuWwintel tersivivianhwne PP ut of 54 s

Mo d el Summary
Mode R R Squ Adjusted St d. Error o
1 . 96 . 924 . 917 2.144109
ANOVA( b)
Mo d Sum o df Mean Sq F Si g
Squar
1 Regr e 1891. ¢ 3 630.54137. .00
Resi d 156. 3 34 4.598
Tot al 2047. ¢ 37

41 Mo n s @phére

Tabd .ell l ustrates the resul bf of hé&lnés$widinhe atrh e e
mini mvmmlRie of the population. The Sig. val uc
to 1) indicate that t hée nredddeadB) i fwiedd . ¢ &Sa rmd il raa
overview of?at hlei wytaddien d fabRbl ehé Sig. values
resut host hoefr 53 subj(@.cg.&G0Tdree melaen game us of th

of all 54 subj ect6s9 inmem 9 2n. 4t2h emnB& oedn ebr |35 s(uTbaj bel ¢
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the standard deviation of the distance bet we
the sphere (DIPECSYyheepdestnskesaetthogmoatslsb s e ac e
oft hegi mary s p:hteree ssmaslflacore atrldeofde @l BEC8n t he
closely all the identilfdoosadtoeudidntssurdfacae DU bjte
Il n the st udihed sptoapnudlaaftditodne,v D thrieEXCi®l nligae rf r om 0.
mm to 1. 8f5r @m3 8 amoh t ot Hneadhld i rorh ei)2( T avdhdi gegheds t s

t htate mandi bul ar taget Wi arod etbledcemosidlyd ensagi nar

sphere surface.

Tabl2eRedlsul t s of data fitting of sphere

Mean Mininm Ma x i mu

R’0fi neecagr es: 0.98 0.92 0.998
Maxi | | radius (m 92.4 73.38 116. 5.
Std . of DI PE 0.99 0. 62 1.85
R’°o0fi neeagr es: 0.99 0. 96 0.999
Mandi b radius (m 85.6 7DB5 101. 4
Std . of DI PE 0. 85 0. 38 1.31

R2: coefficient determination.
DIPECS:Distance between identified points to expected center of sphere.

The val ureasdioif &rod hmr oogmlal diasnd2) buandnt {&imar
seemstter ndammal maedTbel mean maximiairyy malde s
and 9In. 1% fwehmaelhee s mean mandi bul ar radius i s ¢
mm in femdl)8s T(hieabmMeean radius 94. 571 mmm iisn s e
mandi bl es of the ©tbaenla goe/r smeh .JeédnTiteebdl teer adliud ¢ si n
and 85. 6mManmdmbifrlee maxi |l |l ary radi.| arien dgihgeni f

mandimelaen / (MAX.i 42 amm, mean/ nbaligsl 8i §5. 681 men:
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[T a b4l .1g5. Regarding the influence of gender ant
hassi gni ficant i mpact only on[Tt hb4.eéma xTghllaer y4 .
whereas age has nootimpdert isthi admitlsg 7 (r TAadbiclioer df n g
Pearson Cor Mdg)l,atMaoxni | (|l TaarbgpeRaidt use smodvsr at e ¢
Overjet, Overbite and ANB, whereashk wWMaANBDbuUI
The | inear refgrtelses i max imoldady and mandarmeael ar

di sepd aysHi3g ., 45a n46 , and only Maagildrirfyi cRaandti uls
relationship withiUnOwaljevaandt ©vanali peies, wlt
bdit dependebtt evAdBiraas l gge i f i caont he ntf Waemaai i wh
are taken Sasg.ormed@Pn2i thowever, di ft bBveaexncd aorcyc t
Radi us g3toaiphdr wiyt h the uni vanlivheeoABOVA eWT at

dentofaci al characteni bédincesMdadbd® TMJ f eatur es

T a b 13.e Didtribution of radii grouped by gender
Gend N Mean ( Std. ( MinimMaxim

Maxi | | M 11 97. 25 8.74 8 .37 116.'!
Radi i F 43 91.19 8.23 73.8 105."
Toti 54 92. 42 8.61 73.8 116.'!
Mandi b M 11 88. 914 7.69 81.2 101..
Radi i F 4 3 84. 86 7.55 71.9 101.:
Tot i 54 85. 69 7.69 71.9 101..

Tablde Didst ri butgroonu poefd rbaydiage
Age N Mean ( Std . Mi nimMaxi m
<20 Maxill 14 94 .57 8.34 81.7 105.
yearMandi k 85.91 7.37 75.7 97.3
>= 2Maxill 40 91. 67 8. 6 ¢ 73.8 116.
yearMandi k 85.61 7.89 71.9 101.
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Histogram
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Histogram
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Fi gl Frequency distribution of Maxillary Radius and Mandibular Radius
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Normal QQ Plot of Maxillary Radius
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Fi g2 Q4Q Plot of Maxillary Radius and Mandibular Radius
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T a b 15.e Difference between maxillagnd mandibular radii
Tests ofSubgtewadaesn Eff ect s
Dependent Variable: Radi.

Source Type 11 df Mean S F Sig.
of Squ

Correct e 1223. 1 1223. 18.3 .00

Mo d el

I ntercefy 8565572 1 856552 12848 . 00¢C

Side 1223. 1 1223. 18.3 .00C(

Error 7066 . 106 66. 6

Tot al 864842 108

Correct e 8290. 107

Tableelnd.l uegema ecaf) ea nanx i Ird dairiy
Tests ofSubgtewdaesn Ef f ect s
DependentMaWairlilaabrlye :Radi us

Source Type |1 Df Mean S F Sig.
of Squ

Correcte 392. 3 130. 1.8 . 151
I ntercep 27444¢ 1 27444¢ 3878. .00C
Gender 301. 1 301. 4. 2 . 04/
Age 69. € 1 69. € . 9€& . 32¢
Gender * 156 1 17. E .24 .621
Error 3538. 50 70. 7

Tot al 46518E¢€ 54

Correcte 3930. 53
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Tabl7eInd .l uegea ecaf) ea n@m d i baudliar

Tests of BetweeiSubjects Effects

Dependent Variabldvlandibular Radius

Source Type Il Sum Df Mean Square F Sig.
of Squares
Corrected Model 149.267 3 49.756 .833 482
Intercept 230907.807 1 230907.807 3866.980 .000
Gender 142.510 1 142.510 2.387 129
Age 215 1 215 .004 .952
Gender * Age 3.117 1 3.117 .052 .820
Error 2985.635 50 59.713
Total 399645.531 54
Corrected Total 3134.902 53
Tabl8e MANOVA of Maxill ary Radi uSt eamNB rMaasn dfiibxue o
factor
Multivariate Tests
Effect Value F Hypothesi  Error Sig.
s df df
Intercept  Pillai's Trace 991 2750.935 2 50 .000
Wilks' Lambda .009 2750.935 2 50 .000
Hotelling's 110.037  2750.935 2 50 .000
Trace
Roy's Largest  110.037  2750.935 2 50 .000
Root
Steiner Pillai's Trace 277 4.100 4 102 .004
ANB Wilks' Lambda 724 4.382 4 100 .003
Hotelling's .380 4.654 4 98 .002
Trace
Roy's Largest 376 9.597 2 51 .000
Root
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T a b 19.e Petrson Correlation of all variables

Maxillary Mandibular
Radius Radus M-Angle B-Angle ANB
Maxillary Pearson Correlation 1 .665" -.275 .087 .586"
Radius Sig. (2tailed) .000 .044 532 .000
N 54 54 54 54 54
Mandibular ~ Pearson Correlation .665" 1 -.062 -.205 344
Radius Sig. (2tailed) .000 657 136 011
N 54 54 54 54 54
M-Angle Pearson Correlation -.275 -.062 1 -352° -377
Sig. (2tailed) 044 657 .009 .005
N 54 54 54 54 54
B-Angle Pearson Correlation .087 -.205 -.352" 1 .330
Sig. (2tailed) 532 136 .009 .015
N 54 54 54 54 54
ANB Peason Correlation .586" 344 -377 .330 1
Sig. (2tailed) .000 011 .005 015
N 54 54 54 54 54
Overjet Pearson Correlation 612" 125 -.468" 314 575"
Sig. (2tailed) .000 366 .000 021 .000
N 54 54 54 54 54
Overbite Pearson Correlation 413 -.247 -.255 .480" 457"
Sig. (2tailed) .002 072 .063 .000 .001
N 54 54 54 54 54
Condylar Pearson Correlation  -.376" -.186 487" -454°  -.40Z°
Height Sig. (2tailed) .005 178 .000 .001 .003
N 54 54 54 54 54
DisCH Pearson Correlath 226 310 -.080 443" 211
Sig. (2tailed) .100 023 564 .001 125
N 54 54 54 54 54
RMM Pearson Correlation  -.440" .376" .260 -.344 -321
Sig. (2tailed) .001 .005 .058 011 .018
N 54 54 54 54 54
cont i
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Overjet  Overbite CondylarHeight DisCH RMM
Maxillary Pearson Correlatic .612" 413 -.376" 226 -.440"
Radius Sig. (2tailed) .000 .002 .005 .100 .001
N 54 54 54 54 54
Mandibular Pearson Correlatic  .125 -.247 -.186 310 376"
Radius Sig. (2tailed) 366 072 178 .03 .005
N 54 54 54 54 54
M-Angle Pearson Correlatic  -.468" -.255 A87" -.080 .260
Sig. (2tailed) .000 .063 .000 564 .058
N 54 54 54 54 54
B-Angle Pearson Correlatic .314 480" -.454" 443" -.344
Sig. (2tailed) 021 .000 .001 .001 011
N 54 54 54 54 54
ANB Pearson Correlatic .575" 457" -.40Z" 211 -321
Sig. (2tailed) .000 .001 .003 125 .018
N 54 54 54 54 54
Overjet Pearson Correlatio 1 .640" -.343 162 -.588"
Sig. (2tailed) .000 011 241 .000
N 54 54 54 54 54
Overbite Pearson Correlatic .640" 1 -.276 .043 -.796"
Sig. (2tailed) .000 043 755 .000
N 54 54 54 54 54
Condylar Pearson Correlatic -.343 -.276 1 .059 .237
Height Sig. (2tailed) 011 043 672 .084
N 54 54 54 54 54
DisCH Pearson Coelation  .162 .043 .059 1 .102
Sig. (2tailed) 241 755 672 465
N 54 54 54 54 54
RMM Pearson Correlatioc -.588" -.796" 237 .102 1
Sig. (2tailed) .000 .000 .084 465
N 54 54 54 54 54
**  Correlation is stihgendi)f.i cant at 't he
* Correlation is stgnléedyfyant at the
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Fi g3 Li#ear regression of Maxillary Radii and Overjet
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Fi g4. Liear regression of Maxillary Radius and Overbite
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F value:31.155

F value:10.664
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Ta b l1e0 Uhivariate ANOVA of Maxillary Radius and Mandibular Radius w&teiner
ANB as fixed factor

Tests of Betweeibubjects Effects

Source Dependent Type Il df Mean F Sig.
Variable Sum of Square
Squares
Corrected  Maxillary 1046.772 2 523.386 9.256 .000
Model Radius
Mandibular 252.890 2 126.445 2.238 117
Radius
Intercept Maxillary 273397.007 1 273397.007 4835.179 .000
Radius
Mandibular 243155.232 1  243155.232 4302.869 .000
Radius
Steiner Maxillary 1046.772 2 523.386 9.256 .000
ANB Radius
Mandibular 252.890 2 126.445 2.238 117
Radius
Error Maxillary 2883.709 51 56.543
Radius
Mandibular 2882.011 51 56.510
Radius
Total Maxillary 465188.538 54
Radius
Mandibular 399645.531 54
Radius
Corrected  Maxillary 3930.480 53
Total Radius
Mandibular 3134.902 53
Radius

Tablld Overview of eight variables

N Mean Std. Minimum  Maximum
M-Angle (degree) 54 139.6 16.4 93 179
B-Angle (degree) 54 58.7 3.5 514 66.3
ANB (degree) 54 4.1 3.1 -3.2 12.5
Overjet (mm) 54 2.6 2.1 -1.4 10.2
Overbite (mm) 54 3 2 -1.2 8.2
Condylar Height (mm) 54 5.9 1.3 3.3 8.6
RMM 54 0.93 0.067 0.781 1.094
DisCH(mm) 54 100.87 4.2 92 112.39
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4.2 Ratio ofMandibularRadii to Maxillary Radii (RMM)

The resultsooft| BMBM &apet ks nbiryma |Fl2dbihsetwrsi b dhtait o
the sizes of the maariel Icalroys ea ntdo neaancdhi boutl haerr r(é
subjects of skeletal Cl ashshel Irladiwhi(lRRMM h=e 0g.1
two dentistnohbeoskeflfet alAsCweldd ,$ kelpotpaill aCli &
ex hsamotder ate difference bet weheinlreeh&t ewaoer aéd
cl assi fsisoatempacthadn nRMMsi gni feca®t 06S)LFabial
There is a strong negative rel-@tve66shiSpgbetw:
0.0004®hl,e and RMM i s moderately assosd48ated w
and9 il | usltirneetaer trhed at RMNMs inpls Ovetr wedd Olver bi

rel at iaaseisgmipfsi cant

Tablle DI st rn bouft iaavdeiriagaecdt BMIMri zed by Steiner
val ue of ANB

ANB <4° & >0° () >4° (1) <Q° (I
Number of Subjets 15 33 6
Maxillary (mm) 88 95.85 84.63
Mandibular(mm) 83.11 87.41 82.67
RMM 0.945 0.915 0.978

Tablle3 Wfl uence of Steiner ANB Classificatio
Maxillary Radius ( RMM)
Tests of Betwen-Subjects Effects
Dependent Variable: RMM

Source Type 1l Sum df Mean Square F Sig.
of Squares

Corrected Model .025 2 .012 2.971 .060
Intercept 30.521 1 30.521 7352.721 .000
SteinerANB .025 2 .012 2971 .060
Error 212 51 .004

Total 46.926 54

Corrected Total .236 53
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Frequency
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Fi g7. Frequency distribution and-Q plot of RMM.
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4.3 Distance betweeSummits of twoCondylarHeads(DisCH)

The distanceurmmittweent drhceyl ar hesbdem( DRs @Gim) t
112.39 mm (meéan:41D@mBA( T&ek eni Bfiecraenntc ed ibfet we
the groups categori ZeWdiShgi ggataidreg her mages( aakb
hawagr ewt dt h b édseuvemrint snodoyfl ¢é¢d heh&demal es and th
respectPea&id yon CotrhriaetlsCtHir @ o andt lpavBsg|l e posi ti vel

weakl y. N o r ntad n fdii rensantoilvaunt 4 @ .

Tablled d stribution of distance beDis@den summi:t

N Mean (mm)  Std. (mm) Minimum Maximum
Female 43 100.06 3.54 92 106.36
Male 11 104.01 5.23 94.79 112.39
<20 years 40 98.72 2.65 94.79 105.21
>= 20 years 14 101.62 4.4 92 112.39
Total 54 100.87 4.2 92 112.39

Ta b l1é& Idfluence of gender and age on DisC
Tests of Betweeibubjects Effects
Dependent Variable: DisCH

Source Type Il Sum of df Mean Square F Sig.
Squares

Corrected Model 285.930 3 95.310 7.338 .000
Intercept 313718.197 1 313718.197 24154.099 .000
Gender 104.862 1 104.862 8.074 .006
Age 149.077 1 149.077 11.478 .001
Gender * Age 31.799 1 31.799 2.448 124
Error 649.410 50 12.988

Total 550360.108 54

Corrected Total 935.340 53
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