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TEMPOROMANDIBULAR JOINT MORPHOLOGY IN

CHILDREN AND ADOLESCENTS

Abstract

by

DANIEL n. KRUSE DDS

Preulous studies have reported that the morphology or the artlcular

emlnence of the temporal bone Is related to uarlous dental and skeletal

parameters as well as chronological age In populations with normal

occlusions. The main objective of this study was to determine If a

structural or morphologIc relationship exists In a sample of children and

adolescents with developing malocclusions. A secondary objective was to

eualuate the relationship among Joint function as determined

axiographically, eminence morphology, and uarious clinical exam

parameters.

Fifty patients, 10 to 16 years of age, from Case Western Reserve

University's Orthodontic clinic were randomly selected for study. Dental

study models, a lateral cephalogram, and a thorough clinical e}lam were

obtained for each subject as port of routine orthodontlc records. In

addition, axiographic tracIngs of condylar movements were recorded and a

measurement of the height and angle of the posterior slope of the

artlcular emlnence derived. These parameters were statistically compared
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to population characterlstics and 36 cepholometric and dental cast

measurements. Condylar subluttation Was also determined from the

axlographic tracings, and was compared to clinical exam parameters and

emlnence morphology.

The findings of this study Indicate that the angle of the posterior

slope of the articular eminence Is not related to age or gender. The height

of the emlnence is not related to gender, but Is positively correlated with

the subject's age. Of the comparisons between eminence morphology and

the cepholometric and dental cast parameters studied, the sole

statistically significant finding was an inverse correlation between

mandlbular plane angle end the angle of the posterior slope of the

eminence (r=-.229). Therefore, It Is concluded that the emlnence and

dentofacial complex are Independent of each other deuelopmentally. In

addition, the incidence of condular subluxation as determined from the

al,lographic tracings was found to be Independent of the presence or

absence of pain upon polpation in the muscles of mastication, pain upon

palpation of the TMJ, and TMJ clicking. The incidence of condular

subluitation may be related to the height and angle of the artlcular

eminence. Further study with a larger sample is Indicated.
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The relationship between dental occlusion and the morphology and

function of the artlcular emlnence has been extensively discussed In the

dental literature. For years the preualling opinion has been that the

morphology of the artlcular eminence and temporomandlbular joint are

related to the morphology of the face and teeth. Entire tellts haue been

written on this topic. 6nathologists suggest that there Is an ideal

relationship that exists when the inclinatlon of the emlnence and the

teeth are In functional harmony (McHorris, 1979; Roth, 1981; Lucia, 19831,

and that violation of this Ideal relationship may cause excessive wear on

posterior teeth, tooth mobility, and TMJ disturbances (Kaplan, 1963;

Stallard and Stuart, 1963).

More, recently, numerous studies have attempted to dellneate this

" Ideal" relationship (Bell and Harris, 1983; McHorrls, 1979; Magllone, 1989;

Kohno and Nakano, 1987), Impliling that a developmental relationship

exists between the eminence/TMJ complex and the teeth and face. The

underlying problem with these studies Is that the subjects were pre-

selected as meeting certain 'Ideal" criteria end then the morphology of

the eminence and dentofacial structures were compared. This teleologlcal

type of el,perlmental design necessarily produces posltiue correlations.

This study was undertaken to evaluate this question on a sample

consisting of randomlu selected children and adolescents with deueloping

maloccluslons. If a biologically dependent relationship exists between the
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artlcular emlnence and facial or dental structures, then one would expect

the correlation to be Independent of sample selection criteria.

The main objectlues of this study are to compare the morphology of

the artlcular eminence to that of the dentofacial structures as well as to

several population characterlstics. R second, less central objectlue Is to

quantltatluely compare functional characteristics of the

temporomandlbular Joint to emlnence morphology and clinical ellamination

data.



Anatomg and Function of the Temnoromandibular Joint

The area of artlculation between the mandible and the base of the

cranium Is the temporomandibular Joint (TMJ). The osseous components of

the ™J consist of the mandibular condyle situated In the mandibular fossa

of the squamous portion of the temporal bone (Okeson, 1989). From an

anterlor ulew, the condule has medlel and lateral projections called poles.

The medial pole is normally more prominent than the lateral pole. The

medlolateral length or the condyle auerages 15-20 millimeters, while the

anteroposterlor width Is between 8-10 millimeters. The artlcular surface

of the condyle is slightly convex when ulewed from the 1[fteral and

strongly convell anteroposterlorally (Sicher, 1975). Directly anterlor to the

mandlbular fosse of the temporal bone (also referred to as the glenold or

artlcular fossa) Is the articular eminence or tubercle. 11 Conuell bony

projection, the emlnence is an important structure, as its morphology

directly Influences the pathway of the con(lyle in conjunction with the

muscles of mastication, the ligamentous structures of the joint, and the

disc. The Inclination of the posterior surface of the emlnence has been

shown to be highly variable (lindblom. 1960). The bong architecture of the

fossa Is thick and dense along the eminence, Indicating that it Is designed

to sustain heavy forces, whereas the posterior roof of the fosse Is thin

and not Intended to endure heavy loading (Okeson, 1989). The artlcular

surfaces of the temporomandlbular joints are auascular and composed of

dense flbrous connectiue tissue (Bell, 1983).

LITERATURE REUIEIU
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Interposed between the condyle and fossa Is the artlcular disc.

Lacklng Inneruitlon and uoscularity, the disc l: composed of dense flbrous

connectlue tissue. In the sagittal plane, the disc can be separated Into

three clearly defined zones with uarying thickness. The central portion of

the disc is the thinnest and has been termed the Intermediate zone.

Anterlor and posterior to the thin central area, the disc Is thickened, with

the posterior band usually thicker thon the anterlor band (Rees, 1954). In

an undamaged joint, the condyle articulates in the Intermediate zone.

During function, the disc IS fleHIble enough to adapt to the artlcular

surfaces, helping to maintain Joint stability.

The artlcular disc Is held in place by a complew system of

attachments. Posteriorally, the disc Is attached to an area known as the

bllamInar zone. The superior retrodiscal lamina attaches the disc to the

tympank plate of the temporal bone, while the inferior lamIna connects

the disc to the posterior aspect of the of the condular artlcular surface.

The area between these two lamina ls known as the retrodiscal tissue and

consists of highly uascularlzed loose connectlue tissue. In contrast to the

disc, this area Is also well-Inneruated. Anterlorally, the disc attaches to

the capsular Ilgament which surrounds the joint. In addition. the disc also

has a tendlnous anterlor connection to the superior head of the lateral

plerygoid muscle. The artlcular disc is connected medially and loterelly to

the capsular Ilgament, and to the poles of the condyle ula the collateral

discal Ilgaments (Choukas and Slcher, 1960). Anotomically, the disc

separates the Joint into a superior and Inferior cavity. These caultles ore

bathed In synoulal fluid which serves as a lubricant during rotational and
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translatoril mouements of the joints and as a medium for metabolic

exchange (Bell, 1983).

There are several ligamentous components of the ™J. They do not

enter actiuely Into Joint function; rather, they function passluely to limit

and restrict Joint mouement (Bell. 1983). The collateral discal ligaments

function to discourage separation of the disc and condule as It moues

anterlorally and posterlorally. However, these Ilgaments do permit

rotation of the disc on the articular surface of the condyle. The TMJ Is

completely surrounded and encapsulated by the capsular Ilgament (Slcher,

1975). Superlorally, the fibers of this structure are attached to the

temporal bone following the perlphery of the artlcular surfaces of the

glenold fossa and articular eminence. Inferlorally, the capsular Ilgament

attaches to the neck of the condyle. The function of the capsule Is to

resist forces that would tend to separate the conlyle from the articular

fosse (Okeson, 1989). The lateral portion of the capsule contains the

strong reinforcing fibers of the temporomandlbular Ilgament, which

elitends from the lateral and Inferior surface of the zygomatic arch to the

outer surface of the condular neck. A deep horizontal section of this

ligament extends from the crest of the artlcular tubercle to the lateral

pole of the condgle (Solberg and Clark. 1980). serving to resist posterior

displacement and subsequent damage to the retrodiscal tissues.

The joint recleues Its uascular supply from the deep aurlcular

branch of the Internal maxillary artery. Nerve supply Is ula a ple,{us of

fibers throughout the flbrous capsule and associated tissues. Afferent

fibers enter regional branches of the aurlculotemporal, masseterlc, deep
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tempopral, and lateral pterygold nerues and contlnue Into the sensory root

and spinal tract of the trlgeminal nerve (Solberg and Clark, 1980; Slcher,

19751.

Functionally, the temporomandibular Joint Is an el,tremely complex

system. Both joints are connected to the mandlble with a rigid endpolnt

of closure determined by the teeth and alueolar bone. The TMJ Is a

compound Joint which con be separated Into two structural and functional

systems (Bell, 1983). The lower portion of the Joint consists of the condyle

and articular dIsc. Because the disc Is tightly bound to the poles of the

condule, the only physiologic mouement that can occur In the Inferior joint

compartment Is rotation of the disc on the articular surface of the

condyle. It is this Interaction that is responsible for the hinge-like

rotational mouement in the TMJ (Okeson, 1989). The second functional

component Inuolues the articulation between the disc-condule complex

and the temporal fossa. Because the disc has no Ught connection to the

temporal bone, free-sliding, translatory mouements of the Joint occur In

the upper joint compartment (Bell,1983). Stability of the Joint and contact

of the artlcular surfaces Is maintained by constant activity In the eleuator

muscles. In addition, the contour and movements of the articular disc

permit constant contact of the artlcular surfaces of the joint, even as the

width of the Joint space changes during function (Okeson, 1989).

During the Initial phase of a typical opening mouement, the

suprohyold musculature contracts and a true rotational mouement occurs

In the lower Joint compartment. Rs opening continues. the neck of the

condule rotates posterlorally and the temporomandibular Ilgament
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becomes tout. At this point, the second phase of opening begins.

Translation occurs In the upper compartment of the Joint, between the

superior surface of the disc and the artlcular emlnence. The disc Is pushed

anterlorally and medially by the condular head as It moves forward. The

superior retrodiscal lamina is stretched, creating a force to retract the

disc during closure (Okeson, 1989). The Inferior lateral plerygold muscle,

which extends from the lateral surface ot the lateral pterygold plate to Its

insertion on the neck of the condyle, is also Important during mandibular

mouements. When the right and left lateral pterygolds contract

bllaterally, the condules are translated downward and forward along the

articular eminence and the mandlble is protruded (Bell, 1983). Unilateral

contractlon results in mediotruslue mouement of the Ipsilateral condille

and lateral mandlbular mouement toward the contralateral side.

Gnathologu and Cond'lle/Eminence Relationshlos

The temporomandlbular joint In man and Its relationship to

mandlbular mouements haue long been a topic of Inuestlgation by many

workers. Posselt (1952) reported that studies of condular mouement had

been done as early as 1748. Walker (1 B96) reported that cond,liar paths

were reproducible and different among individuals. These studies and

others led to the deuelopment of artlculators to simulate mondlbuler

mouements during the construction of uarious dental prostheses. In the

early part of this century, the pantograph was developed as e tool for

recording mandibular border movements (611$1, 1910). Chick (1953)

emphasized the Importance of recording pantographic tracings at the
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emergence of the hinge aHIS of mandlbular rotation in order to eliminate

erom end artifacts Inherent to the measurement procedures. In order to

proulde the most accurate reproduction of mandlbular movements, some

Inuestigators haue aduocated the use of pantographIc tracings of condular

movements to program fully adjustable artlculators (Isaacson, 1958;

Winstanley, 1977; Hobo and Takayama, 1988). In a study of patients with

various symptoms of TMJ dysfunction, Shields et al., (1978) reported that

the reproduclbility of pentographic tracings were negatively correlated

with ™J and muscle dysfunction. The patients In the study with no signs

of dysfunction proulded the most reproducible tracings. In o study

comparing anterlor and posterior dIscluslue angles, Pelletier and Campbell

(1990) also round that axlographic tracings provided reproducible

measurements of posterior discluslue angles (the slope of the posterior

surface of the artlcular emlnence).

The body of information on studies of condylar paths and patients

with e uariety of stomatognathlc dysfunctions has led seueral

Investigators to suggest that Improper guidance of mandlbular mouements

by the condyles and anterlor teeth may cause excessive wear on posterior

teeth, alueolar bone loss and tooth mobility due to traumatic occlusion,

and temporomandibular Joint disturbances (Kaplan, 1963; Stallard and

Stuart, 1963). Gnathologists suggest that the existence of a mutually

protected occlusion will decrease the Incidence of these problems

(McHorrls, 1979; Roth, 1981; Lucla, 1983). That Is, If the angulation of the

path of the lower Inclsors down the lingual surfaces of the maxillary

Incisors approllimates that or the mandlbular condules down the artlcular
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emlnence of the temporal bone, the posterior teeth will be discluded

rapidly, thus decreasing the chance of posterior cuspal Interferences.

Furthermore, it is reasoned that If the lingual surface of the mal,Illary

Inclsor (anterlor discluslon) Is much flatter thon the path of the condyles

down the emlnence (condular or posterior discluslon) posterior tooth

Interferences become more likely as well as any associated adverse

effects (McHorrls, 1979; Kaplan, 1963). Conversely, anterlor discluslon

much steeper than posterior discluslon could create unfavorable leverages

on the anterlor teeth or result In uncomfortable mastication. McHorris

(1979) recommends:

When there Is conflict between the cond,liar components and the
anterlor teeth components, it Is the condyles that we must seek to
satisfy. The front teeth can be mede subserulent to the condyles by
moving them orthodontlcally: changing their shapes by selective
grindIng; or by...restorations.

Several Investigators have done extensive work examlning the

relationships between anterlor and posterior discluding paths with widely

uarying results. In a two part study utilizing a combination of dry skulls

and dental students, Bell and Harris (1983) concluded that there Is a strong

correlation between the angulation of the lingual surface of the mal{Illary

central incisor and the angle of the artlcular emlnence In Indlulduals with

normal occluslons, with the former being steeper than the latter by an

auerage of 5.6 degrees when measured against the occlusal plane. They

also suggest that the angulatlon of the articular eminence to the occlusal

plane may be useful to orthodontists as a guide for establishing the

incllnation of the maltillory anterlor teeth. The data presented by Bell end

Harris Is In agreement with McHorrls (1979), who suggests that the Ideal
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relationship exists when anterlor disclusion Is greater than posterior

discluslon by approllmately 5 degrees. Howeuer, McHorrls presents no

eMperlmental euldence to substantiate this assertion. Maglione (1989), In

a study of patients with temporomandlbular disorders, and Huffer et el.,

(1972), In a study of dental students with normal occluslons, also reached

similar conclusions.

Several other investigators are In disagreement with these

assertions. Kohno and Nakano (1987), In a kineslologic study of the paths

of the condyle and lower Incisortip In protruslon, reported that the Ideal

relationship exists when the Inclination of the two paths Is equal. In a

review article, Kaplan (1963) attempted to establish that the angle of the

anterlor dlscluding pathway should be approHImately equal to the angle of

the condular path. To the contrary, Ramfjord (1966) suggested that any

relationship between the two slopes Is negligible. Unfortunately, neither

Kaplan nor Ramfjord provided any experimental evidence to support their

conclusions. Ingeruall (1972), in a cephalometrIc study of 91 children and

58 adults with normal occluslons also found no correlation between

inclination of the condular and Incisal paths. At this point, It seems clear

that the relationship between the anterlor and posterior dIscluslue paths

has not yet been fully delineated.

Seueral Inuestlgators have conducted studies eHamining the

relationshlp between the sagittal path of the mandibular condyle and the

morphology of the artlcular eminence of the temporal bone. Stallard and

Stuart (1963) proposed that "the muscles... operating the mandlble hold

the condyles against the emlnence throughout all condular operations,"
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concluding that the condyle should exactly follow the anatomical form of

the articular emlnence when the mandlble Is moued Into protruslon.

Jankelson (1962), however, feels that "the Joint allows free movement

anywhere within the limitations of the Joint space and the surrounding

capsule, ligaments, and musculature," suggesting that the condyle can

follow a protruslue path that may be different from the form of the

eminence. Ramfjord (1966) also suggests that there Is little relationship

between the condule path and emlnence form. More recently, Corbett et

al. (1971), in a study of nine patients with ideal occluslons, utilized a

cepholometric technique to dellneate the relationship between the

condular head and the artlcular eminence at selected points during

protruslon. A mathematically generated protruslue path was compared

with al,lographic recordings of condular positions during mandlbular

protruslon for each patient. The authors concluded that "In protruslon the

condular head of the mandible follows closely the anatomical form of the

artlcular eminence." These findings concur with those of another

Investigator (deFreltes, 1970) who conducted a similar study. DeFreltas

found that there was no statistically significant difference between the

path of the condule In protruslon and the slope of the emlnence

determined radlographically. He also suggested that:

An examinatlon of TMJ anatomy shows that blologically normal TMJs
posess a certain degree of functional tolerance. The posterior
border of the artlcular tubercle can be considered as the basic guide
for the condular path, while the sort tissues are modifying factors.

11Jldman (1988) conducted a study comparing the recorded angle of

the protruslue path of the cond&lie (as determined aillographlcally) wIth
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the ortlcular emlnence angle determined from cephalometric radlographs

In fifty post-orthodontic patients age 12-25. The primary finding of this

study was a uery high statistical correlation between these two

measurements. This finding lends support to the conclusions or Corbett,et

al., In 1971. In addition, Widman (1988) also uncovered an important

morphological tendency: namely that the mandlbular plane and the

occlusal plane both had an Inverse relationship to the angle of the

posterior slope or the articular emlnence. That Is, the steeper (more

vertical) the artlcular eminence angle, the more horizontal the occlusal

and mandlbular planes. He concludes that:

These results suggest that brach,cepholic facial types would tend
to haue more uertical emlnence angles. Conversely, dollchocephalic
facial types would tend to have a more flattened articular emlnence
angle.

In a multitude of studies. numerous Inuestlgators haue attempted

to quantify the posterior slope of the emlnence In an angular

measurement. In a mixed racial sample of ouer two hundred dry skulls,

Angel (1948) measured the slope of the artlcular emlnence relatlue to

Frankfort horizontal plane. He found an average angle of 28 degrees at 6-

7 years of age, 37 degrees at 15 years, and 40 degrees at 30-35 years.

Ricketts (1950} employed lamlnegraphs of the temporomendlbuler Joints In

a study of one hundred patients. He found on overall mean emlnence

angulatlon of 54 degrees to Frankfort horizontal plane and 44 degrees to
the occlusal plane. In addition, Ricketts noted that In regard to Increasing

steepness with age "a scatter diagram... failed to Indicate any striking
correlation'. Ingeruall (1972) determined cephalometrically that the
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auerage inclination of the condylar path (utilizing the occlusal plane as o
reference) in children with normal occluslons was 23 degrees et oge 7 end
26.83 degrees at age 10. The nuerage was found to be 36.33 degrees In
adults. No statistically significant differences were found between sexes.
Magllone (1989), In a study combining cepholometric and pantographic
techniques, found on average emlnence Inclination or 53.6 degrees to the
Frankfort plane.

In pantographic studies to record the angle of the eminence, It was
noted by Isaacson (1959) that 'It was necessary to relate the centers of
rotation of the mandlbular condules to a third point so that a reference
plane could be established.' Isaacson chose the Infraorbltal notch of one
of the orblts as his reference, establishing the ellis-orbital plane. He
reported an auerage emlnence Inclinatlon of 35.6 degrees to this plane.
Aull (1963) reported an average Inclination of approximately 37 degrees to
the ellis-orbital plane with e range of 15-66 degrees.

More recent

Inuestlgations (Lundeen.1979; Widmon, 1988), utilizing the lowest Palpable
point on the Inferior rim of one of the orblts as a third reference point,
reported average Incllnetions of 45 and 52.4 degrees respectluely.

Embrvologu· Growth. and Oeueloomental Changes
Embryologically, the first evidence of temporal bone deuelopment Is

seen al approwlmately the eighth gestational week (Furstmon, 1963). Rt
fourteen to fifteen weeks In utero, gradual formation of the glenoid fosse
begins ula Intramembronous osslfication (Morimoto et al, 1987). At
approximately twenty-two weeks of prenatal age, the glenold rossa and
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articular,minence are well-formed. Furstman (1963), In a study of eighty

fetal specimens, concluded that the glenold fossa and artlcular emlnence

haue established their basic morphologIc pattern long before birth. Bourne

(1970), and Scott (1955), report that at birth, a rudimentary artlcular

eminence Is present and the articular fosse faces laterally and only

slightly downward.

In the neonate, Wright and Moffett (1974) report that the ouerall

appearance of the temporal components of the temporomandibular Joint Is

one of vigorous osteogenesls, with several small areas of resorptlon seen

on the roof of the glenold fossa and the adjacent part of the artlcular

tubercle. According to Wright and Moffett, during the first six to eight

months of life, the artlcular tubercle enlarges slightly, with the height of

the tubercle as measured from the depth of the glenold fossa usually

being less than 2 mIllimeters in the siu month old Infant. Between sll{

months and two and one half years of age, the articular tubercle and

glenold fossa deuelop a more mature appearance. The height of the

tubercle Increases to approximately 4 or 5 millimeters, and the osseous

corte,1 and trabeculae increase In density. Scott (1955) reported that the

growth of the glenold fosse Is closely correlated with the growth of the

head of the mandlbular condyle. The heed of the condyle attalns Its adult

form at roughly siu years of age, and about this time the artlcular

emlnence has become a well-developed ridge. The lubercle has enlarged,

eHtending 5-6 millimeters below the roof of the fossa, and the slope of

the emlnence has steepened relative to that of the neonate. Wright and

Moffett (1974) state that: 'The basic morphologic pattern remains tile
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same throughout the period of mixed dentition and Into adolescence

ellcept that the temporal components enlarge slightly ond are reinforced

by means of osseous compaction.' These findings by Wright and Moffett

are in agreement with Scott (1955) who reported that adult-like contour

of the temporal part of the Joint Is established during the deuelopment of

the primary dentltion.

Several Inuestlgators haue reported differing results regarding

growth changes In the temporal components of the TMJ. Humphreys

(1932) estimated that the tubercle does not assume its adult configuration

until approximately twelve years of age, with the greatest growth in

height occurring between ten and eleuen years of age. Neukerl (1960)

ellamlned the growth In height of the tubercle radiographically, reflected

as an Increase In the depth of the fossa. He found a steady Increase In the

depth of the fossa from, an the average, 6 millimeters al age 6-8 years

until somewhat more than 10 millimeters at age 20-25 years. Angel (1948)

Is In agreement with Neukarl, noting an increase in fossa depth from 3.3

millimeters In the lowest age group to 6.7 millimeters In adults in a cross-

sectional study of dry skulls. Ricketts (1950), who studied the Increase In

the depth of the fosse using TMJ laminography during the growth period,

found ualues intermediate to those reported by Angel and Neukerl. He also

stated that: "The major part of the growth of the emlnence apparent'll

has occurred by the time the first motors are erupted, and there tends to

be a slow but steady increase In height until adulthood". Oberg et el.,

(1971), in post-mortem studies of 115 joints, found the Joint to Increase In
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size up to the age of twenty. During the latter part of the growth period

growth occurred mainly In the medlo-lateral direction.

As mentioned preulously, there are conflicting reports regarding

changes In the slope of the posterior surface of the ortlculor eminence

with aduancing age. Ricketts (1950) falled to uncover any solid

correlation. Ingeruall (1972) and Angel (1948) reported Increasing

Inclination with age.

In regard to functional mandlbular deuelopment, Meyers (1969)

reported that due to the limited early deuelopment of the artlcular

emlnence and glenold fossa the Infant's temporomandlbular artlculation Is

poorly defined. As discussed aboue, the temporal components of the ™J

mature concomitant with the development of the primary dentition. The

arrlual of the first Inclsor results In little change In neuromuscular

function. However, as soon as the opposing Inclsor erupts, there Is the

possibility that the Incisors ma, come Into contact during random jaw

mouements. Moyers states:

The Instant these Inclsors touch, the first step In occlusal reflew

learning has begun. One path of opening and closure Is quickly
learned which provides maximum function and minimum Inclsor
Interference.

Thus the anterior limits of jaw relationships are established first. With

continued eruptlon of the dentltion a similar interaction of occlusion and

muscular function establishes lateral Jaw mouements (Meyers, 1969).
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Materlai. Ind Mithodi

Samole Pogulation

The sample population consists of a total of 50 children and

adolescents presenting for orthodontic evaluation and treatment. Twelue

of the subjects are from the priuate practice of Dr. Mark Hans. The

remaining 38 subjects are from the orthodontic clinic at Case Western

Reserve University. Twenty-three or the subjects are females, and 27 are

males. Racially, the population consists of forty two Caucaslans and eight

individuals of African-American descent. The age range of the males is

from 7 years and 7 months to 15 years and 5 months, with an auerage age

of 11 years and 4 months. The females range In age from 6 years 11

months to 15 years 5 months, with an auerage age of 11 years and 9

months.

Axiogranhic Technlaue

The subject Is first seated In the dental chalr In an orthostatic

position with a balanced tension between the head and neck musculature.

A suitable clutch, which fixes the mandibular recording bow to the lower

dentltion, Is chosen. A stick of perlphery wax Is placed across the inclsal

and occlusal surfaces of the lower teeth and across the clutch to facilitate

Its remoual at the end of the procedure. The clutch Is partially filled with

fast setting plaster (Kerr #2 plaster, Great Lakes Orthodontics). The clutch

Is positioned In the mouth with the handle centered In the mid-sagittal

plane. In order to minimize any uertical changes In occlusal dimensions,
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the patient li Instructed to bite on the clutch until It is fully seated.

Clearance of the clutch Is checked In mandibular movements after the

plaster Is set.

The next step Is to position the cranial analyzer bow. The nasal

support h adjusted to fit the subject's nasal bridge. The two lateral arms

of the cranlal bow are adjusted so that they are In contact with the skin,

and that the posterior end or the sagittal recording flags lies just anterlor

to the tragus. The cranial bow Is stabilized with an occlpltal elastic strap

and an adjustable parietal strap. A piece or silicone putty (Cltrlcon, Kerr)

Is placed under the nasal support to proulde some relief from the pressure

of the elastic occlpital strap. Orbitale point Is located by palpatlon of the

anterlor border of the orbit and the orbltale Indicator Is adjusted to

register Its location. Along with the emergence of the hinge awls of

mandibular rotation on both sides, orbitale point will define a reference

plane used to measure the slope and height of the articular emlnence.

The mandlbular recording bow Is designed to be attached to the

mandibular teeth through the aforementioned clutch. The mandlbular bow

Is first Initialized by placing it on a flat surface and adjusting the lateral

arms to a neutral position. The mandlbularbow Is then placed on the shaft

of the clutch, and the lateral arms are positioned against the sogittal flags

with the posterior ends of the flags and recording arms colncldent. The

patient Is asked to hold the arms In place while the parallellsm of the

transuerse bar with the cranlel bow Is checked In the frontal and coronal

planes. Any remaining stresses In the Joints of the mandlbular recording
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bow are relleued by spinning the transuerse bar, and the lateral arms are

secured away from the flags at a distance predetermined by spacers.

Next, the hinge axis of mandibular rotation Is located. The subject

Is guided through minor opening and closing mouements from centric

relation position. If the stylus on the mandibular recording bow Is not on

the hinge axis, Its path will display an arc. The operator then adjusts the

lateral arms horizontally and uertically until the stylus spins on Its attls

andno longer displays an arc. When this Is achleued. the stylus Is directly

ouer the hinge a}tls, and the tracing of mandlbular mouements can begin.

Retractable pens are used to record tracIngs of mandlbular

mouements. The patient Is first guided to an unstralned centric relation

position prior to beginning each tracing. Three sets of tracings are

recorded for each condule: (1) opening/closing (traced In black), (2)

protruslon/retrusion (traced in red), (3) mediotrusion/medloretruslon

(traced In blue). The use of different colored pens permits more accurate

identlfication of the tracings during later analysis. Tracings are repeated

until two sets displaying a reproducible pattern ore obtained for each

condyle. After this has been achieved, the equipment Is remoued from the

patient with core In orded to maintain the relationships recorded by the

cranlal analyzer bow.

Finally, the ellis orbital plane marker Is clipped onto the ball of the

orbitale Indicator. The flexible arms of the plane marker are clamped to

the sagittal flags so that they blsect the points coinclding with the

emergence of the hinge axes bilaterally. The axis-orbltale reference line

Is drawn on both sets of right and left saglttal graph papers. At this point

19



the awlographIC tracing procedure I: complete and the tracings are ready

for measurement and analusls.

Cenhalometric Technioue

The lateral cephalometric films were taken as part or routine pre-

orthodontic records. Subjects from Case Western Reserve University were

exposed using a 90 KUP 15 mil S.S. White 11-ray unit in conjunction with a

Wehmer cephalostat and Kodak T-Mot-G film. Films of the remaining

subjects were ellposed using a Moss Cepholometrl,1 90 KUP 15 mn unit

and Kodak T-Mat-G film.

Clinical Ellam Techniaue

1. Palpation of the head and neck musculature. Mgofaclal pain is

evaluated by palpation of the head and neck muscles. The patient should

be seated In a comfortable orthostatic position and bilateral muscles

palpated simultaneously. The following muscle groups were palpated:

a. Temporalls-anterlor, medial and posterior

b. Masseter

c. Lateral Pterygold

d. Medial Pterygold

e. Dlgastric

f. Neck

Digital pressure should be low Initially and Increase gradually. Pain

ellclted with minimal pressure Is graded 3 or severe . Pain triggered by
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moderate pressure ls graded 2 or moderate. Minimal pain Is graded 1. No

pain ellclted under a significant amount of digital pressure Is graded zero.

2. TMJ palpation. The TMJ I; palpated In two ways. Palpation

sensitivity of the skin anterlor to the tragus reveals a potential capsulltls

of the external pole. Intrameatal pain to palpation may indicate

retrodiscal Inflammation. Both areas are palpated and graded from 0-3,

with 0 denoting no pain , and 3 signifying severe pain.

3. Auscultation of TMJ sounds. A stethoscope is used to amplify TMJ

sounds. The subject is instructed to perform all mandlbular mouements.

Clicking In opening or closing is noted and described as early,

Intermediate, or late (1,2,or 3). Upon closing, the grading Is the same.

Joint sounds In protrusion-retruslon and medlotrusion-medloretruslon are

similarly noted.

4. Range of motion. Uertical ouerblte and horizontal ouerjet are

measured with the posterior teeth In mallimum Intercuspation and

recorded. Maximum vertical opening Is determined by measuring the

opening between the Inclial edges and adding the amount of uertical

ouerblte. In a similar fashion, matilmum protruslon Is equal to horizontal

ouerjet plus mallimal protruslon. Lateral e„cursions are referenced to

the upper and lower midlines and recorded.

Al:lograohic Data

1. Data Acquisition. Approximately 20 of the axlogrophs were

recorded by Dr. George Rozencwelg In conjunction with his thesis work at

Case Western Reserve University (Rozencluelg, 1990). Because Dr.
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Rozencwelg trained the ellaminer In the techniques employed, minimal

interoperator uirlability should be elipected and the data pool may be

considered as homogenous.

2. Angle of the articular eminence. The condylarpath In protrusion

has been shown to closely follow the form of the articular emlnence

(Corbett et al., 1971). From the aillographic tracings, the slope of the

protruslue tracing Is determined as follows. First, the tracings are

enlarged three times on a photocopy machine In order to facilitate the

measurement. The point corresponding to the emergence of the hinge awls

Is digitized (IBM computer, Dentofaclal Planner software), as well as

another point on the axis-ort,ltel plane. Three points along the protruslue

tracing at 1 m111lmeter intervals are also digitized, and the slope of each

of the first three millimeters of the tracing for each condyle is computed

Indiuldually, measuring the Inside angle formed between the tracing and

ellis-orbital plane. These three measurements are then used to calculate

the auerage slope of the first three millimeters of the tracings. A

schematic of the measurement of the first mIllimeter of a typically

enlarged tracing Is seen In figure I. Any difference between the right and

left slopes Is noted ond the two measurements are aueraged. resulting In

an ouerall mean for the angle between the axis-orbital plane and the

posterior slope of the artlcular emlnence.

3. Tracing length and height. The length of the tracings In opening

and protruslon are measured to the nearest m111lmeter using n flexible

plastic ruler and recorded. The height of the artlcular emlnence Is also
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Figure 1- 111{lograohic measurement

n

C

0

Liginst

A: AHIS-orbital plane

B: Protruslue tracing

C: Height measurement

D: Angle measurement
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measured as the perpendicular distance from the axis-orbital plane to the

lowest point along the protruslue tracing (see figure I for schematic of

height measurement).

4. Interpretation of function. Functionally, the tracings are

eualuated with regard to three criteria. First, the tracings are evaluated

for any Irregularltles associated with Internal derangement of the TMJ.

Farrar (1978), and Slaulcek (1988), described the pattern of tracings in the

patient with Internal derangement and reciprocal clicking. Namely, the

tracing displays a choracteristic irregularlty as the cond,lie first reduces

onto the disc during protrusion or on opening, then sublullates off of the

disc during retruslon or closing (Bates et al., 1986; Farrar, 1978). If the

meniscus Is completely dislocated anterlorally without reduction, the

clicking noise Is not produced. The condglar path on opening Is relatluely

steep, short, and divergent when compared with the condular path In

protruslon. A second method of eualuation Inuolues the length of the

tracings. Normal tracing length is 8-10 millimeters In protrusion and 12-

14 millimeters In opening (Slaulcek, 1988). The protruslue motion typically

displays a shorter path because this mouement Is limited by the

stylomandibular Ilgament. flny significant restriction of movement Is

considered to be o sign of dysfunction. Third, the tracings ore evaluated

with regard to condylar sublullation. Tracings which show condular

translation significantly beyond the height of the artlcular eminence are

noted as euldence of condylar subluxation and recorded. Utilizing these

criteria, the tracings are Interpreted and assigned a designation of

normal, Internal derangement, or condular subluxation.
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Lateral Cenhalometric [lati

Using 0.003 Inch frosted matte acetate with a 0.5mm lead

mechanical pencil, the lateral cephalometric radlograph for each patient Is

traced. Sufficient landmarks were traced to allow Identlfication of 37

registration points for digitization (see figure ll). In all trocings bilateral

landmarks were bisected and the midpolnt taken for cephalometrIc

measurements. Digitization Lues accomplished using Dentofacial Planner

software, which orlents points on an H-,1 coordinate system. The program

was modified with the ald of Dr. Stephen Parker to calculate the desired

measurements. Landmarks used in measurement are defined as follows:

a. Mandlbular plane: connects menton and gonlon

b. Sella-nasion plane: connects center of sella turclce and nasion
point

c. Fronkfort horizontal plane: connects anatomical porlon and most
inferior point of orbit

d. Functional occlusal plane: occlusal plane constructed by
bisecting the meslobuccal cusp tips of the the first permanent
molars and the first premolars (or first declduous molars In the
milled dentltlon)

e. Palatal plane: plane from anterlor nasal spine to posterior nasal
spine

f. Maxillary Incisor: long awls of most protruslue Inplsor

g. Mandibular Inclsor long allis of most protruslue Inclsor

h. Basion-nasion plane: connects bosion and nosion point
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figure 11: Ceohalometric Landmarks
ffrom Dentofacial Planner manual. 19851
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The landmarks used In cephalometrIc digitization are defined In the

following manner.

1. Sella, the center of sella turcica

2. Nasion, junction of the frontal and nasal bones at the naso-frontal
suture

3. Orbltal rim, the mldpolnt of the lateral orbltal margin

4. Orbitale, the most Inferior point on the Infra-orbltal margin mid-planed

5. Pterygo-mallillary fissure, at the eleuen o'clock position mid-planed

6. Posterior nasal spine,tip

7. Anterlor nasal spine, tip

8. il point, the deepest point in the concauity Iftheanterlormaxllia

9. Upper Incisor apex

10. Upper Incisor tip

11. Upper molar root apew

12. Upper molar crown, the tip of the meslal cusp of the upper first molar

13. Uppermolar distal contact

14. Lower molar crown, the tip of the meslal cusp of the lower first molar

15. Lowermolar apeH

16 Lowerinclsortip

17. LowerinchoropeH

18. B point, the deepest point Inyheconcaulty of the anterior mandlble

19. Anterlor genloplasty point

20. Pogonion, the most anterlor point on the bony chin

21. Gnathlon, the most antero-Inferior point on the bony chin

22. Menton, the most Inferior point on the bony chin

23. Posterior genloplasty point
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24. Rntegonial, depth of concaulty Of antegonlal notch

25. Inferior gonion, point at a tangent to the Inferior border near gonlon

26. Gonion, midplaned point at the gonlal angle loctated by blsectIng the
posterior and Inferior borders of the mandible

27. Posterior gonlon, a midplaned point at a tangent to the posterior
border of the ramus near gonlon

28. Posterior ramus. a point approximately halfway between gonion and
artlculare

29. Artlculare, Intersection fo the posterior border of the ramus with the
Inferior surface of the cranial base

30. Condyllon, the most posterosuperlor point of the mandlbular condyle

31. Sigmold, a landmark at the depth of the concaulty of the mandlbular
sigmold notch

32. Anterlor ramus, a landmark located In the depth of the concauity of
the anterior borderof the mandlbular ramus

33. Center of rotation, a landmark in the center of the mandibular condule

34. Porlon, the most superior point of the bony ellternal auditory meatus

35. Basion, the most Inferior point on the anterlor margin of foramen
magnum

36. Cuip tip of upper first blcuspld (or first declduous molar)

37. Cusp tip of lower first blcuspld (or first declduous molar)

NOTE: All bilateral structures were bisected during landmark
determination.
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The measurements computed in order to proulde a representation

of dentofaclal morphology are presented below, followed by abbreulatlons

used In data tables:

1. Facial proportions

a. Basion-nosion plane to gnathion Imm) (Be-Na-Gn)

b. Nasion to minton (mm) (Na-Mel

c. Basion-nasion plane to posterior nasal spine (mm) (BaNa-PNS)

d. Nasion to anterlor nasal spine (mm) (Na-ANS)

e. anterlor nasal spine to menton (mm) (ANS-Me)

2. Cranial base length

a. Sella to nasion (mm) (§-Na)

3. Mallillary and mandlbular positions

a. Sella-nasion-11 point (degrees) (SNA)

b. Sella-nasion-B point (degrees) (SNB)

c. A point-nasion-B point (degrees) (ANB)

d. Sella-nosion plane to mandlbular plane (degrees) (S-N:GoMe)

e. Frankfort horizontal plane to mandlbular plane (degrees)
(FH:GoMe)

4. Mandibular morphology

a. Gonlon to posterior nosol spine (mm) (Go-PNS)

b. Articulare to B point (mm) (flr-B)

c. Rrtlculare to pogonion (mm) (Ar-Pog)

d. Gonlon to pogonion (mm) (Go-Pog)

e. Articulare to gonlon (mm) (Ar-Go)

f. Gonion to gnathion (mm) (Go-Gn)
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g. Artlculare-gonion plane to gonion-gnathlon plane (degrees)
(Ar60:Goen)

5. Inclsor relationships

a. Interincisal angle (degrees) (Inline)

b. Mandlbular Incisor to mandlbular plane (degrees) (11:GoMe)

c. Mattillary Inclsor to Fronkfort horizontal plane (degrees) (Ul:FH)

6. Occlusal and palatal plane Inclination

a. Frankfort horizontal plane to functional occlusal plane (degrees)
(OP:FH)

b. Palatal plane to Frankfort horizontal plane (degrees)

Clinical EHam Data

The Information collected In the history and clinical examination will

be categorized according to tile following criteria:

a. Joint sounds: auscultation (posltlue or negative)

b. TMJ palpation: pain (positive or negative)

c. Muscle palpation: tenderness In at least one muscle of

mastication as listed aboue (positiue or negatiue)

Dental Cast Data

Dental costs obtained as part of pre-orthodontlc records are

eualuated with regard to the following criteria:

a. Presence or absence of transuerse discrepancy (buccal crossblte
tendency)

b. Presence or absence of Inclsorcontact

c. Posterior tooth cuspal morphology- mandibular first molars

subjectiuely evaluated and classified as flat, moderate, or steep
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Statistical Comnarisons/Data flnalusis

1. Population characteristics us. axiographic date. The angle end

height of the artlcular emlnence will be examined for relationship to the

subject's sex utilizing a t-test analysis. If no significant difference is

found between males and females for these measurements, then the dota

will be further analyzed as a single sample as described below. If a

significant difference Is found between the selles, they will be

subsequently analyzed as two separate groups.

Eminence morphology will also be evaluated for relationship to race.

fl t-test wIll be performed, and If any significant difference Is uncouered

between the two racial categories, they will be considered as separate

groups. Because of the small size of the African-American sample, these

subjects may haue to be dropped from the study altogether

The relationship between emlnence morphology and age will also be

ellamlned. The statistical method employed will be the correlation

coefficient. Finally, descriptiue statistics (mean and standard depiction)

will De computed with regard to eminence morphology.

2. Emlnence morphology us. dentofaclal morphology-

cephalometrics. Cepholometric deta will be analyzed for relationship to

eminence morphology bly computing correlation coefficients comparing the

height and slope of the eminence to the cephalometric measurements

listed above. Interincisal angle will be evaluated in three separate

groups: the entire sample, those subjects with Incisal contact as

determined from cast analysis, and those subjects without Inclsal contact.
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fill other cepholometric measurements will be analyzed with respect to

the whole sample only.

3. Eminence morphology us. dentofaclal morphology- dental costs.

Emlnence morphology will be examined for relationship to posterior tooth

cusp morphology, presence or absence of transuerse discrepancy, and

presence or absence of Incisor contact. The statistical method used will be

analysis of varlance testing.

4. Joint function us. clinical exam data. The functional

Interpretation of the al:lographic tracings will be evaluated for statistical

correlation with the following clinical Information: Joint sounds , pain

upon ™J palpation, and pain upon muscle palpation. The statistical

method used to compare these two sets of categorical data will be the

Chi-square test.

El,Dianation of statistics

1. T-test. n t-test is used when comparing the means of two

groups. The null hypothesis that Is being tested is that the means of the

groups In question are equal. The formula Is as follows:

where:

t=-21 2-11 2- U= the group mean

1 912 + 212 02= the group uariance

1lp the sample size

The p ualue derlued from the t-test distribution Is then used to determine

whether or not to reject the null hypothesis. By conuention, If the p value

Is less than .05, it Is assumed that the null hypothesis Is rejected and that
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therefore the means of the two groups are *Ignificantly different from

eachother. Because the 0.05 leuel Is chosen, the rejection of the null

hypothesis is made with 95% confidence that the difference between the

two means is not due to chance alone.

2. Correlation coefficient. The correlation coefficient used In this

Inuestigation M Pearson's correlation coefficient. It is used to test the

relationship between two variables across a group of measurements. The

null hypothesis being tested Is that there is no relationship between the

twouarlables In question. The formula Is as follows:

N

Correlation Coeffficlent= I (}11 - R)( V - ¥)
i=1

IN -1) G„CY*

where:

HOV= Individual measurement

NOV= mean of measurement

N= sample size

G= standard deulation

The p ualue derlued from the correlation coefficient is then used to

determine whether or not to reject the null hypothesis. By conuentlon, If

the p value is less than 0.05, it Is assumed that the null hypothesis Is

rejected and that therefore the two variables are related. Because the

0.05 leuel Is chosen, the rejection of the null hypothesis Is made with 95%

confidence that the relationship between the two variables is not due to

chance alone.

11 modified version of this test Is the partial correlation coefficient,

which measures the strength of two uariables while controlling for the
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effect of a third uariable. This test was used In the current study in order

to control for the subject's age when height of the articular eminence was

being evaluated for correlation with other uarlables.

3. ANOUR testing. The one-way ANOUn test was used In this study

to compare dependent, numerical variables (such as angle and height of

the eminence) with independent, categorical uarlables (such as presence

or absence of incisor contact on study models). The ANOUA tests the null

hypothesis that there Is no difference among the means of the groups In

question. The formulas used In calculating the ANOUA test are as follows:

F= Between grouns mean sauBre

Within groups mean square

Mean square = limnlimm[Rs

degrees of freedom

k

surnof Squares = INI (i 4112
1-1

where:

Ri = mean of measurement In subgroup
1[= mean of measurement in total group
Ni= sample size of subgroup

The p ualue derlued from the F distribution Is then used to determine

whether or not to reject the null hypotheils. By conuentlon, If the p ualue

Is less than 0.05, It is assumed that the null hypothesis Is rejected and

that therefore the two means are significantly different. Because the

0.05 leuel Is chosen, the rejection of the null hypothesis Is made with 95%
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confidence that the difference between the two means Is not due to

chance alone.

4. Chi-square. The Pearson Chi-square test was used In this study

in order to eualuate the relationship between categorical variables. The

null hypothesis Is that the variables In question are Independent of each

other. In this study, only 2X2 tables were used as only 2 variables were

being compared at any one time. A sample 2X2 table and the formulae

used to compute the Chi-square statistic ore as follows:

2 X2 Chl-square table:

1

2

2

Oil 012

Ell E12

021 022

E21 [22

Vl.

¥2•

V•1 V•2 V••

X

22

2= I I IQU- Elil2 where Oi
1 +1 EU El

J

J

= observed ualues and

= expected values

El]= (Vi.HY.j)/V.. (V..= total # of observations)

The p ualue derlued from the Chi-square distribution is then used to

determine whether or not to reject the null hypothesis. By convention, if

the p ualue is less than 0.05, It is assumed that the null hypothesis is

rejected and that therefore the two uariables are independent of

eachother. In hope of Improulng the approwlmation In the case of a 2 X 2

table where any cell'; obserued ualue Is less than 5, Vote's correction for
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continuity Is often applied. Vote'$ correction Inuolues subtracting 0.5 from

posillue differences between obserued and ellpected frequencies and

adding 0.5 to negatlue frequencies before squaring.



The results of this study will be presented In 6 sections:

1. Descriptive statistics regarding artlcular emlnence morphology
and characteristics of the sample population.

2. Comparisons between eminence morphology and dentofaclal
morphology as reflected by cepholometric measurements.

3. Comparisons between eminence morphology and dentofacial
morphology as reflected by dental study costs.

4. Comparisons between Joint functional charesticstics and clinical
exam data.

5. R comparison between Joint functional characterlstics and
emlnence morphology.

6. Error Study

Artlcular eminence morohological characteristics

A description of the sample population Is provided in figure Ill and

table I. Descriptlue statistics for the angle and height of the articular

emlnence are presented In table Il for the entire sample as a whole. T-

tests were computed relating the angle and height of the articular

eminence to the subject's sell, the results of which are presented in

tables 111 and IU. These results Indicate that no significant differences of

means were found between female and male in either angle ( t(df=48)=-

1.66, p>.10 ) orheight C t(df-48)--1.13, p>.26 ).

REJOLLIi
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Sample size Males Females

N- 50 N=22 N-28

Age Ranqe Age mean flne std. deu.

6 urs. 11 mos.-
15 urs. 5 mos. 11.62 uears 2.01 uears

Ialllo.11

Descrintlue statistics

Uarlable Mean Std. Dev. Minimum Maximum

nnqle 45.01 4.77 35.05 56.75

Height 5.83 0.89 3.75 7.75

InhILLU

Angle of eminence us. seH

Uarlable Mean Std. Deu. Std. Error

Male N=22 43.772 4.992 1.064

Female N-28 45.986 4.434 0.838

1 Ualue df p value

-1.66 48 .104

InkILLU

ileight of eminence us. seH

Uarlable Mean Std. Deu. Std. Error

Male N-22 5.671 1.056 .225

Female N=28 5.994 0.720 .136

1 Ualue df p value

-1.13 48 .263
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T-tests were also computed relating the angle and height of the emlnence

to the subjects race, the results of which are presented In tables U and Ul.

These results Indicate that no significant differences exist between means

of the flfrican-American and Caucaslan groups for either angle of the

eminence (t(df-48)=-.86, p>.39) or height of the emlnence (t(df=48)--.16,

P>.87 £

Inhl,LU

Angle of emlnence us. race

Uoriable Mean Std. Dep. Std. Error

While N=42 44.757 4.912 .758

Black N=8 46.350 3.932 1.390

t Ualue df p ualue

-.86 48 .392

Intll•ULL

Height of eminence us. race

Uarlable Mean Std. Deu. Std. Error

11)hite N-42 5.821 .899 .139

Black N-8 5.875 .866 .306

t Ualue df p value
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In order to evaluate the relationship between chronological age and

the angle and height of the artlcular eminence, Pearson product moment

correlation coefficients were computed. The results are summarized In

table Ull. These results Indicate that age and angle or the articular

emlnence are not correlated (r--.19, p>.18 ). Howeuer, age and height of

the eminence are positluely correlated (corr. coeff.-.39, p<.01 ). Therefore

age was used asa couorlant in subsequent anall,ses.

ILILLL

Eminence morohologg us. age

Uarlable Mean Std. Deu.

Anqle 45.012 4.769

Height 5.830 .8853

nqe 11.620 2.012

Uariable Corr.Coeff. p ualue

Angle .1914 .183

Height .3876 .005**

*•-signincant ( pi.01 1

Artlcular emlnence morohologv us. dentofacial morohology- Cenhalometric
measurements

The mean and standard deulation of each of the cephalometrIc

parameters previously described Is presented In table Ulll. The

relationship of the angle of the artlcular eminence as compared to these

lateral cephalometric measurements was eualuated by computing an

Indluidual correlation coefficient for each of these parameters. The only

exception to this statistical treatment was the evaluation of Interincisel

angle, which was eualuated three separate times: once for the entire
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simple, once for onlil those subjects with inclial contact, and once for

those subjects wIthout Incisal contact. The results are summarized In

table Ulll. These results indicate that the only cephalometric

measurement with statistical correlation to the angle of the emlnence In

this study Is the angle between Frankfort horizontal plane and mandlbular

plane (gonion-menton). The two variables show negatlue correlation (r=-

.299, p-.035).

Because height of the eminence and age are statistically correlated,

partial correlation coefficients controlling for age were computed to

eHamine the relationship between emlnence height and cephalometrIc

measurements. The results are summarized in table Dill. Essentially,

there was no statistical correlation between the height of the artlcular

emlnence and the measurements from the lateral cephalometric 11-ray,

after controlling for the effectof age. Correlation coefficients between

the height of the emlnence and cephalometrIc measurements before age

correction are seen In table Ulll.
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Frontal cephalograms would provide additional Information In a

morphological study of this nature. Unfortunately, few of the subjects In

the study had a frontal cephalogram exposed as part of Initial orthodontlc

records, therefore no analysis was possible.

Artlcular eminence mornholog, us. dentofacial mornhology-
dental cast measurements

In comparing the angle of the emlnence to the data from the dental

costs, a one-way analysis of uariance test was utilized. The results are

summarized In table IH. No significant differences of means of emlnence

angle were found among the groups with and without Inclsal contact

(F-3.95, p>.05), among the groups with and without transuerse arch

discrepancy (F-1.0, p>.32), or among the three different groups classified

according to posterior tooth cusp morphology (F=.11, p}.89).

In comparing the height of the eminence to the dental costs, one

way analysis of uarlance testing was utilized with chronological age as

a couariate in the analysis. The results are summarized In table IH. No

significant differences of means of emlnence height were found between

the groups with and without Inclsal contact (F=.92, p>0.340), between the

groups with end without transuerse arch discrepancy (F-.31, p>0.58), or

among the three different groups classified according to posterior tooth

cusp morphology (F-.05, p>0.95}.
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Eminence morohology us. cast measurements

Uarlable
flngle of eminence Height of emlnence

F ratio (p value) F ratio (p ualue)
Inclsor

Contact 3.948 (.053) .917 (.343)
Transuerse

discrepancy .995 (.324) .306 (.583)

Posterior cusp

Morphologu .113(.893) .046 (.95)

Joint function us. clinical exam data

Only one joint in the sample produced tracIngs characteristic of

internal derangement; therefore no analyses regarding this trait can be

performed. This subject had an eminence angle of 42.28 degrees and an

emlnence height of 7.0 millimeters.

Ten subjects exhibited tracings characteristic of condylar

subluxation in at least one Joint. The Incidence of subluwatlon Is eualuated

for relationship to data from the clinical exam using the Pearson Chi-

square statistical analysis. Vates' continuity correction (used to correct

the Chi-square test If the value of any cell Is less than 5) was applied for

all three categories of clinical e}{am measurements. The results ore

summarized In tables H, HI, and HII. The presence of condular sublullation

and muscle paln are shown to be independent of each other (Vates'

correction for continuity=.0065, p>.94), as are subluxation and joint pain

(Vates' correction for continuity-.26, p>.60) and subluxation and Joint

clicking (Votes' correction for continuity-.00, p>.99).
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Table H: Subluwation us. muscle Daln

Peorson

Chi-square Muscle pain
+

SublUHation - 29 8

+ 11 2

Ualue P Ualue

Pearson Chi-square .2338 .62866

Vates' correction .0065 .9357

Table HI: Subluxation us. Joint Daln
Pearson

Chi-square Joint pain
+

Subluwation - 30 7

+ 12 1

Ualue p value

Pearson Chi-square .9021 .3422

Votes' correction .2602 .6011

Table HII: Subluxation Us. Joint clicking
Pearson

Chi-square Clicking

+

Sublulation - 34 3

+ 12 1

Ualue p ualue

Pearson Chi-square .0022 .9620

Vates' correction .0000 1.000
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Joint function us. eminence morohologu

The subjects with condylar subluxation on one side only were

selected In order to ellamlne the relationship between emlnence

morphology and sublullation. Out of thirteen subjects eHhiblting cond&liar

subluxation, seven subjects exhibited subluxation on one side only. For

these Indiulduals, the means of eminence angulatlon and height were

compared between left and right sides to determine If these values

influence the Incidence of subluwation. The statistical analysis used was

the t-test. Although the mean of both angle and height of the emlnence

was lower for the left Joint than for the right Joint, the differences were

not statistically significant (angle: t(df-6)--1.41, p>.21: height: t(df=61-

-.19, p>.85). These results are summarized in tables Hill and HIU.
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Subluttation us. height of eminence

Uariable Mean Std. Dev. Std. Error

11!Ilograph
height left 6.143 1.069 .404

8Hlograph
height right 6.214 .859 .325

t Ualue df p ualue

-.19 6 .853

Inhln-H-LU

SubluHation us. angle of emlnence

Variable Mean Std. Deu. Std. Error

11111ograph
slope left 44.124 5.651 2.136

Axlograph
slope right 46.862 2.469 .933

1 Unlue df p ualue

-1.41 6 .209
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In order to evaluate the error In the digitization process, 10 of the

original cepholometric tracings were redlgltlzed and the measurements of

this group were compared to the original measurements utilizing the

rellability coefficient test, which is computed by squaring the correlation

coefficient of the means of the two groups. In a similar fashion, tile

tracing error was eualuated by retracIng and redlgltizing the same 10

headfllms. The results are presented In table HU. The closer the reliability

coefficient Is to one, the more reliable the measurement. The axlographic

measurements were also repeated for 10 subjects and reliability

coefflclents computed. The results of the cepholometric reliability testing

are seen In table Ulll and the results ofthe al,lographic reliability testing

are seen In table HU.

Inkli.Hilll

Reliabllitll of Axlograohic Measurements

SIODe Heloht

Rellabilltt .7479 .9492
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The discussion of results of this study will be presented In the following

flue sections:

1. Artlcular emlnence morphology and its relationshlp to uarious
population characteristics.

2. Relationships between emlnence morphology and dentofacial
morphology as determined from cephalometric measurements
and data from dental study costs.

3. Relationships between Joint functional characteristics, clinical
ellam data, and artlcular emInence morphology.

4. Implications In TMJ function and dysfunction

5. Implications In orthodontlc therapy

Articular eminence mornhologu

In this study, the ouerall mean for the articular eminence angle was

45.01 degrees measured against the axis-orbital plane, with a range of

35.05 to 56.75 degrees. This mean is In reasonable agreement with the

findings of Lundeen (1979), who reported a mean of 45 degrees utilizing

the ellis-ort)Ital plane as a reference. The current findings also differ from

other previous studies utilizing the same reference plane. Isaacion

(1959) reported a mean Inclination of 35.6 degrees, null (1963) reported a

mean of 37 degrees, and Widman (1988) reported a mean of 52.4 degrees.

Possible explanations for this discrepancy would Include differences In

techniques used to locate and Identify landmarks, as well as actual

differences In the uarlance of the sample populations themselves.

DISCUSSION
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The results of this study show no correlation between the angle of

the emlnence Ind the subject's age. This finding Is In agreement with

Ricketts (1950), who noted that his laminography study failed to produce

any striking correlation between age and emlnence steepness. The

Indication of the data in the present study Is that the emlnence and

glenold fosse haue established their ouerall morphologic pattern early In

life. If the angle of the emlnence continued to change throughout the

growth period, one would expect a positive correlation between angle and

age. which was not the case In the current study. The exact stage of life

at which this morphogenesls is complete has been discussed in preulous

literature with some disagreement. Wright and Moffett (1974) reported

that the artlcular tubercle and glenold fosse haue deueloped a mature

appearance by age two and one half years of age, while Scott (1955)

reported that the establishment or more mature contours In the temporal

components colncldes with the development of the primary dentition.

Both authors concur on the fact that once the emlnence and fossa have

obtained their deflnltlue shape, they continue to enlarge slightly as

skeletal maturation progresses. fit ang rete, based on the present study

and previous literature it Is reasonable to conclude that the ouerall angle

of the emlnence Is well-established by the time the permanent dentitlon

has erupted, and that little change In angulation occurs during the

remainder of the growth period.

Ingeruall (1972), however, presents results indicating that the

auerage Inclination of the condylarpath increases with age. This differing

conclusion may be due to the fact that he used a different methodology
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(namell, cephalometric radiographu) in stud!,Ing this phenomena, and also

bu the fact that he used the occlusal plane as the reference from which to

measure eminence Incllnatlon. Utilization of dental landmarks to

construct a reference plane allows mandibular and lower facial growth to

potentially influence the resulting measurements. As the ramus continues

to lengthen and facial growth proceeds, the dentoalueolar comple,{ Is

displaced downward and forward relatiue to the glenold fossa and

artlcular emlnence. If the direction of growth is more vertical than

horizontal, the change In mandlbular and lower facial morphology could be

reflected In the occlusal plane and the resulting emlnence angle

referenced to It. Therefore, It Is possible that Ingeruall's results might

truly reflect growth changes In the lower face and mandlble rather than

true changesin eminence Inclination.

No significant difference In eminence Inclination between the selles

was uncouered during In this study. This finding concurs with Ingeruall

(1972), who reported the same conclusion. In addition, this study failed to

find any significant difference In emlnence Inclination between

caucaslans and African-Americans. African-Americans exhibit blmallillary

dentoalueolar protruslon, with a more procllned position of both mallillary

end mandlbuler Incisors. If emlnence deuelopment were related to dental

deuelopment In a gnathologlcal sense, It would be expected that African-

Americans would el,hibit a flatter emlnence angle which would correspond

with a more acute interlnclsal angle and flatter Incisal guidance In

discluslon. The fact that this is not the case In the current study

contradicts the concept of any deuelopmental connection between the
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emlnence and occlusal relationships. Howeuer, this conclusion should be

regarded as tentatlue, because the number of African-nmericans in the

sample was small (eight out of the total sample size of fifty). Further

study with a larger sample of subjects of flfrican-American descent would

be required In order to eualuate the relationship between racial variation

and eminence morphology.

Another possible explanation Is that the African-Americans In the

current study might not haue exhibited characteristic African-American

dentoraclal morphology, but rather posessed characteristics resembling

the Caucaslan subjects In the study. In other words, the lack of ethnic

uarlation mall be a product of the fact that the sample of African-

American subjects In the current study are not representatlue of the

Rfelcan-flmerican population as a whole. The onlg way to truly eualuate

racial uarlations would be to repeat the study with larger samples

selected for facial morphology representallue of the "average"

morphological characteristics of the ethnic groups In question.

With regard to emlnence height, the mean value In this study was

found to be 5.83 millimeters, with a range of 3.75 to 7.75 millimeters. The

height of the emlnence showed positive statistical correlation with age, a

finding In agreement with Neukarl (1960), who found a steady increase In

the depth of the glenold fossa from 6 millimeters at age 6-8 years to more

than 10 millimeters at age 20-25. Other preulous studies by Wright and

Moffett (1974), Angel (1948), Ricketts (1950), and Oberg (1971) reported

similar conclusions regarding changes In emlnence height with age. The

fact that the eminence continues to Increase In height should come as no
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surprise. 11; skeletal maturation continues until after puberty, It would be

remarkable If the height of the emlnence did not show a concurrent

enlargement. No significant differences In emlnence height were revealed

between subjects of different Sell or race in the current study.

Relationshins between articular eminence and dentofacial mornhologu

It has been suggested by seueral Inuestlgators that "Improper"

guidance of mandlbular movements by the condyles and anterlor teeth

may cause a variety of stomatognathic dysfunctions such as occlusal

wear, perlodontal breakdown, tooth trauma, and ™J disorders (Kaplan,

1963; Stallard and Stuart, 1963). Gnathologists suggest that the existence

of a mutually protected occlusion where anterlor and posterior discluslue

angles fit certain criteria will decrease the likelihood of these problems

(McHorrls, 1979; Roth, 1981; Lucia, 1983). Numerous investigators haue

presented studies purporting an ideal relationship between the angle of

the posterior slope of the ortlcular emlnence and uarlous measures of

Inclsor position and guidance, with little inter-Inuestlgator agreement on

exactly what constitutes this "Ideal" situation. Bell and Harris (1983)

reported that the angle of the emlnence should be 5.6 degrees greater

than the lingual surfaces of the mal,Illaril Incisors as measured against the

occlusal plane. McHorris (1979) stated almost exactly the opposite; his

suggestion for the Ideal relationship is when anterlor dIscluslon Is greater

than posterior discluslon by 5 degrees. Maglione (1989), and Huffer el al.,

(1972) reported similar conclusions. Kohno and Nakano (1987), reported

thot the Ideal relationship exists when the Inclinatlon of condular and
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Inclial paths i, approillmately equal. flithough the majority of these

studies haue evaluated subjects deemed to possess normal occluslons

according to the criteria of the investigator, the underlying Implication is

that the morphology of the artlcular eminence and dentofacial structures

are somehow deuelopmentally or structurally related. The findings In the

present study do not support this assumption. The only dentofacial

parameter to show any statistical correlation to the angle of the artlcular

emlnence was the angle between the mandibular plane and Frankfort

horizontal plane. The two showed an Inuerse relationship that was

significant at the 0.05 level. This finding is in agreement with Widman

(1988), who also found an Inuerse relationship between the angle of the

emlnence and the Inclination of the occlusal plane. Undman concludes that

his results suggest that brachucephalic facial types would tend to haue a

more uertical emlnence morphology, while the conuerse would be true for

those with a dolichocephalic facial morphology. In the present study,

howeuer, the finding of a correlation between mandlbular plane/Frankfort

horizontal and the articular emlnence angle Is contradicted by the fact

that no statistical correlation exists when the mandibular plane is

measured against sella-neslon plane, although the p ualue of 0.07

suggests that a larger sample might show statistical significance. There

are two possible el,planations for this disagreement. One Is that the

difference may reflect variations In cranial base morphology. Any

differences In cranlal base morphology between subjects in the study

could directly Influence the value for the measurement of mandlbular

plane to sella-nasion plane. For example, differences In flexure between
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the middle and posterior cranial fossae would alter the location of the

glenold fosse and mandible relatlue to sella-naslon, resulting In an

alteration In mandibular plane angle as well. Also, any difference in the

location or the middle cranial fossa In the uertlcal plane would change the

absolute Inclination of sella-nasion plane, again resulting In a change in

the ualue of the angle between mandibular plane and sella-nasion.

A second possible explanation for the difference between sella

nasion and Frankfort horizontal to mandibular plane measurements Is that

because of the number of statistical correlations made In this study the

significance of Frankfort horizontal plane Is spurious. In either case, If

the morphology of the emlnence and dentofacial morphology were

blologically related, one would expect to find significant correlations

between other representatiue parameters. In the present study this Is

clearly not the case. None of the remaining 22 cephalometric end 3 dental

cast measurements showed anti relationship to the angle of the articular

emlnence. In addition, the height of the orticular emlnence bore no

significant correlation to any of the dentofacial parameters when

chronological age was used as a couarlant in the statistical analyses.

A couariant Is defined as o uariable whose ualue Is linearly related

to another variable In question In the studu. Thus, the couarlant must be

accounted for In further analyses to determine If statistical significance

Is due to the uarlable In question with the couarlant held constant. For

example, In this study the value of some of the cephalometric parameters

Increases as the subject matures. When age Is not considered, it appears

as though the height of the emlnence Is correlated with seueral of the
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cephalometric measurements. However, when the statistics are adjusted
with regard to the subject's age, no such correlations are seen.

These findings are In agreement with Romflord (1966) , who
suggested that any relationship between anterlor and posterior discluslue
pathways Is negligible, and Ingeruall (1972), who also found no corrlation
between the Inclination of the condylar and incisal paths.

Seperal Investigators haue proulded euldence that some of the
cepholometric parameters ellamined in the current study uary as the
Indluidual matures. In a cepholometric study utilizing metallic Implants
and following twenty-one subjects for a six year period around puberty,
BJork and Skeltler (1972) reported that general trends of growth Indicated
that mandlbular and occlusal planes both rotate forward, essentially
decreasing their angular measurements to other reference planes as the
subject matures. Lande (19521 reported similar findings In a serial
cephalometric study. Broadbent et al.,(1975) reported that there was no
indication of a change In the Inclinetion or Frankfort horizontal as an
indluldual develops. Anolusis of the growth templates developed from this
study Indicates o relative rotation of sella-nosion plane downward
anterlorally when compared to the cranial bose, probably due to en
Increase In size of the frontal slnuses and relative downward
displacement of neslon point. Il Is unlikely that these trends would
Influence the results of the current study, due to the fact that the sample
1* randoml, distributed across a fairly wide age range. In addition, only
the height of the articuler eminence showed correlation to chronological
age, and when the age effect was controlled, the height of the emlnence
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wes not correlated with any of the other dentofaclal parameters In the

study.

The morphology of the orticular emlnence was also compared to

three characteristics as determined from the subjects' dental casts:

presence or absence of Incisor contact, presence or absence of transuerse

discrepancy, and posterior tooth cusp morphology. These parameters

were chosen because the dental literature suggests that they might play a

role In the development of the emlnence. Gnathological concepts dictate

that Inclsal guidance should be related to condylar guidance. Therefore

one would expect to see a difference in emlnence morphology between a

group with and a group without Incisor contact. No such difference was

uncovered in the present study. Also, the concepts of gnathology hold

that steeper condular guidance should exist when posterior cusp

morphology is steeper in order to rapidly dIsclude these teeth and avoid

occlusal Interferences. Again, If the emlnence and teeth are related

deuelopmentally, one would expect to see a difference In emlnence

morphology among groups selected according to the steepness of the cusp

morphology. This reletionship was not detected In the present study.

Similarly, one might ellpect that a constrIcted dental arch would result In a

deuelopmental change In eminence form If the teeth and eminence are

Interrelated deuelopmentally. There was no difference in emlnence

morphology between groups sorted according to this characteristic In the

present study. The ouerall conclusion to be drawn from the study of

dental cast parameters is that the teeth and the articuler emlnence

deuelop Independently.
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Relationshins between Joint functional characteristics. clinical ®Ham

data. and articular eminence mornhologu

The Incidence of condylar subluwation was compared to three

clinical exam findings: (1) presence or absence of muscle pain, (2)

presence or absence of Joint pain, and (3) presence or absence of Joint

clicking. It would be of interest if any of these parameters were

dependent upon each other because this Information could help Identify

the etiology of some types of TMJ dysfunction. The findings of this study

lead to the conclusion that the parameters In question are Independent of

each other. Therefore, the presence of condular subluHation mall be more

accurately characterlzed as a non-pathologic parlation of condular

movement. Thirteen of the fifty subjects studied exhibited subluwation

and no correlation to other Indicators of Joint dysfunction could be

established. This Indicates that joint subluxation in and of Itself Is non-

pathologic. It may, howeuer, reflect a lal{Ity in the supporting structures

of the Joint (i.e. Joint capsule, ligaments) that might predispose these

subjects to further Joint dusfunctlon later In life. For example, these

subjects may experience Increased Incidence of disc displacement If the

"looseness" of the Joint Is permanent and not subject to change as the

subject matures.

nnother question that arose during this study was whether or not

the height or angle of the artlcular eminence had any relationship to the

Incidence of condylar subluxation. To test this relationship, subjects with

sublutiation on one side were selected and the means of the angle and

height of the artlcular eminence would be compared between the affected
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and unaffected sides. Unfortunately, only seuen subjects In the sample fit

this criteria. The results of the statistical analysis were not significant.

Howeuer, a trend ellisted for the subluitatlon to occur on the side with the

flatter eminence. Further study with a larger sample Is Indicated. If

subluxation early In life Is an Indication that further ™J dusfunction will

occur, then artlcular emlnence angle may become a useful predictor of

future TMJ health. This Information would be of considerable interest to

orthodontists. because they tend to treat a large number of teenage

Elinicallg__n_onal patients with clinically normal TMJ:. Because

epldemlologic studies indicate that one-third of all orthodontic patients

Will deuelop ™J symptoms later In life, predictions of later™J health or

disease haue considerable ualue.

Unfortunately, tile number of subjects In the sample exhibiting

characteristics of Internal derangement was too small to allow any

statistical analysis. Of Interest, howeuer Is the fact that although only

one Joint el,hibited tracings characteristic of Joint clicking, clicking was

obserued In four subjects during the clinical exam. There are two possible

ellplanations for this discrepancy. First, the subjects might haue an

Intermittent click that was not present during the al{lography. This Is

unlikely, due to the fact that the clinical exam and al,lography were

performed at the same appointment for all subjects in the study. A

second possible explanation for the discrepancy Is that the clicking

occurred early in the opening mouement, and that It was not obserued

during the axlography due to the fact that the mandibular clutch of the

al,lograph opened the subjects' vertical dimension beyond the point at
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which the click occurred. This discrepancy might have been avoided by the
use of a custom made functional clutch for each subject which would be
constructed at the subject's occlusal vertical dimension. The drawback of

such a clutch Is that it allows the posterior teeth to Interdlgitate. It wes
felt by the examiner that this would complicate Instruction of the subjects

In the mandlbular mouements desired, a task already difficult In children
who often lack good coordination euen when the posterior teeth are

discluded. For this reason. the Possible loss In accuracy of the tracings
was deemed an acceptable compromise In order to assure that the overall

tracing quality was acceptable.

[mnllcations In TMJ function and dvsfunctlon

Clinical symptoms of mandlbular dysfunction affect more than

three-fourths of a population of young adults in the United States (Solberg
et al., 1979). However, the Incidence of such problems Is not nearly as
common In children. The present study may shed some light on this
difference. As has already been discussed, the height of the articuler
emlnence Increases wIth age. Because the eminence Is not as well-
deueloped In children , It Is possible that this morphological cherecterlstic
increases the •billtil of the Joint to withstand traumatic Insults. In a
child, when the emlnence has not reached its full adult height, there Is a
certain amount of »play" In the temporomandlbular artlculation. A
traumatic insuit could thus be spread out ouer a greater area since the
conddle has less restriction to mouement. As the emlnence Increases In

height towards adulthood (and the glenold fossa Is effectluely deepened),
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the condille Is, In effect, confined to a smaller functional area, and any

traumatic Insult would be more focused. Of course, this Is speculatiue,

and the etiology of ™J dysfunction is probably multlfactorial. However, It

does seem possible that the change In emlnence height with age could

play a role In the increasing Incident of TMJ dysfunction In adulthood.

The functional significance of the human ortlcular eminence and the

increase In height of the eminence with age Is not clear. Ellamination of

skull material from other primate species reveals that some posess a

well-defined artlcular eminence and glenold fossa while others do not.

This difference in morphology would tend to Indicate that there are

different functional demands on this area between species. One possible

ellplanation Is that as euolutionary trends tended towards a more upright

posture, the dentofacial complex assumed a more posterior and Inferior

position relatlue to the cranial base than was present In longer snouted

mammals. Correspondingly, the dominant vectors of pull of the eleuator

muscles during mandibular function and mastication beceme anterlor and

superior as opposed to a more uertlcal direction of pull In snouted

mammals. Although extremely speculative, this scenario could account for

the existence of the articular emlnence and glenold fosse as a functional

necessity In order to keep the anterlor displacement of the mandlble

during mastication to a minimum. Without some restriction, the mandlble

would be free to translate anterlorally under the effects of the eleuetor

muscles, and the functional efficiency of the entire masticatory system

would be compromised. Similarly, the finding of an Increase In emlnence

height with age In the current study could be explained by heauier
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functional demands concomlttant with an Increase In muscular size and

strength as the Indluldual matures, with a deeper fossa/higher emlnence

required In order to achieve the some amount or control of mandlbular

position during mastlcation.

Imnlications In orthodontic therang

Ils discussed aboue, the results of this study and previous literature

Indicate that the ouerall angle of the articular emlnence Is well-

established early In life, at least big the time the permanent dentition

erupts. Further change In emlnence morphology seems to be limited to

general enlargement only. In this author's opinion, the functional

relationship referred to in gnathological concepts as posterior discluslon Is

also established at this early age. Condylar guidance or posterior

discluslon Is determined by the angle of the emlnence because the

posterior teeth usually disclude In the first few millImeters of mandlbular

mouement. This Is long before the condule has reached the height of the

emlnence. Therefore, It seems reasonable to assume that the pattern of

mandibular movement (as guided by the ortlcular emlnence) matures

concurrentl, with the emlnence. This occurs prior to the eruption of the

permanent dentltlon and maturation of the dentofaclal complel{. If (as

gnathological concepts Indicate) the emlnence and dentofacial structures

are deuelopmentally related, one would expect the permanent dentltlon to

erupt into positions that would complement eminence function and that

facial development would also follow accordingly. The resulting occlusion

and facial morphology would be Intlmately "matched" to the emlnence,
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and different eminence morphologles should result In characteristic

dentofacial morphologles. This scenario does not exist in the current

study. Therefore. the results of this study strongly suggest that no

deuelopmental relationship exists between the artlcular emlnence and the

dentofaclal complett. Howeuer, the sample In the current study consisted

entirely of subjects with malocclusion, both skeletal and dental In nature.

By definition, these children and adoloscents display facial growth and

Occlusal deuelopment that Is far from ideal; It is for exactly this reason

that they presented seeking orthodontic treatment In the first place.

Thus, the results of this study do not preclude harmony between anterlor

and posterior disclusion as a treatment goal In orthodontics. Fortunately,

most orthodontic therapy takes place after the age of six or seuen years.

If harmony between condular and Incisal guidance Is a treatment goal, at

least the results of this study Indicate that the angle of the emlnence is no

longer changing by this age.

The question that arises in eualuating the results under discussion Is

whether or not these results would be any different If the sample

population consisted of a group of adolescents that would be considered

to haue an Ideal, normal occlusion and facial profile. Current thinking In

orthodontics dictates that "normal' occlusion exists when the posterior

teeth elthlblt good Interdlgltation and the anterlor teeth are In contact

when the patient closes Into maximum Intercuspation with ouerjet and

ouerblte measuring approximately two millimeters. Functionally, a

'normal' occlusion Is one free of Interferences to uarlous mouements

during function while prouidIng the contacts necessary for mastication. R
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"normal" facial pronle would be considered to be an esthetically pleasing

face In which there Is skeletal balance between the mallilla and mandlble

and the rest or the facial structures, with no one facial component overly

protruslue or retruslue. Selecting a sample based on these criteria could

result In a group of subjects with similar cranlofacial choracteristics in

general, and relationships within the group would not be applicable to a

population not pre-selected in the same manner. This teleological type of

experimental design necessarily produces positive correlations.

Another finding of this study that has potentially important

Implications to the practice of orthodontics Is the relationship between

the angle of the articular emlnence and mandlbular plane angle. It Is a

commonly held belief among orthodontists that patients with low

mandibular plane angle should be finished with increased torque in upper

and lower Incisors. This results In a more acute Interincisal angle and

flatter incisal guidance. The finding In the current inuestigation of an

inuerse correlation between eminence angle and mandlbular plane angle

leads one to the exactly opposite conclusion. If reasonable agreement

between anterlor and posterior discluslon Is a goal of orthodontlc

treatment, then low angle, brachucephalic Individuals (with

correspondingly steeper eminence angle) should actually be finished with

less Inclsor torque. This would result In a more obtuse Interlnclsal angle

and steeper Inclsal guidance. The conuerse situation would apply to

dolichocephalic induiduals with their characterlstic higher mandlbular

plane angle.
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M final noteworthy point Inuolues the actual ualues of emlnence

Incllnation of subjects In the study. In this author's opinion, It Is

Important to emphasize that the data shows considerable uariation In the

angle of the artlcular emlnence among the sample population (mean=45.01

degrees, range-35.05 to 56.75 degrees). These findings underscore the

need to treat each orthodontic patient as an Indluldual. They Indicate that

treating all patients to standardized, normal cephalometric ualues Is

probably not In the best interest of the patient. Rather, decisions on how

to finish a patient's occlusion should be multlfactorial, based upon the

complex Interplay between esthetics, morphology, and function.
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iUMMIInv IND CONCLUSIONS

The purpose of this Investigation was to examine the relationship, If

any, that exists between the morphology of the artlcular emlnence of the

temporal bone and the morphology of the dentofaclal complex. Fifty

children and adolescents presenting for orthodontic treatment were

studied. The following sets of data were gathered on each subject: (1)

axlographic tracings of mandlbular border mouements, (2) lateral

cepholometric radiograph, (3) dental study costs, and (4) clinical

examination data. The angle and height of the articular emlnence were

compared to the cephalometric and dental cast data to evaluate

morphological tendencies, and to the clinical exam data to compare

eminence morphology to functional characteristics of the TMJ. The results

of this present study may be summarized as follows:

Regarding children and adolescents with deuelopIng maloccluslons:

1. The angle of the posterior slope of the articular emlnence of the
temporal bone Is not related to age or gender.

2. The height of the artlcular emlnence Is not related to gender, but
shows poiltlue correlation with chronological age.

3. Mandlbular plane angle was Inuersely correlated with the angle
of the artlcular eminence.

4. The Incidence of condular subIUHatlon Is Independent of the
presence or absence of pain upon palpation In the muscles of
mastication, pain upon palpation of the TMJ, and TMJ clicking.

5. The Incidence of condular subluttation may be related to the
height and angle of the articular eminence. Further study with a
larger sample Is Indicated.
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The results of this study Indicate that the artlcular emlnence and

dentofaclal comple,1 are Independent of each other deuelopmentally. This

study utilized a random sample of subjects with maloccluslon seeking

orthodontlc treatment. This distinguishes this study from preulous

gnathological studies where the sample was selected based on outcome

criteria. Outcome biased experimental designs necessarily produce

posltlue correlations.

Aillography is a ualuable research tool to examine longltudinal

changes In TMJ function. Further application of this methodology to the

areas of growth and deuelopment Is clearly indicated. Options for further

axlographic study of the TMJ would Include: (1 ) ellamining the

relation ships between head form and Joint morphology and (2) a

prospective longitudinal study on condylar sublullation. The relationship

between emlnence morphology and sublullation needs to be examined.

The presence of unilateral or bilateral sublullation as an indicator of future

TMJ health could also be studied with a prospectiue longitudinal

e},perimental design.
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Nb last first m/f Origin BIrthdate EHam date

103 Reagan M m Case 6/7/81 12/13/89

104 Bootwick R f C 2/15/81 12/6/89

105 Cohen R m c 9/1/78 11/10/89

109 Hobe n f c 5/27/79 11/16/89

112 Unsolkl B f c 7/24/79 11/28/89

113 Cunningham C m c 8/14/77 9/7/89

117 Clepluch K f c 4/21/82 11/21/89

118 Minich L f Hans 12/12/78 2/26/90

119 Bostwick E f c 1/18/78 12/6/89

120 Hutchinson B m c 9/11/79 11/30/89

122 liler R fc 12/1/77 2/9/89

135 Glowe R f c 9/18/78 11/22/89

136 Burke D. m c 11/24/78 12/14/89

139 Wlersma J. f c 6/2/76 10/6/89

142 Reagan B. f c 12/20/79 12/13/89

145 Rodriguez R. m C 10/26/74 11/8/89

151 Legg K. f h 9/25/79 4/27/90

152 Smith J. m h 1 2/26/76 4/27/90

153 Price K. f h 10/10/75 3/23/90

155 Timko T. f h 5/28/79 3/23/90

156 Lewis H. f c 8/23/78 8/22/90

159 Dillon D. f c 6/1/79 5/30/90

169 Ouuersloot J. m c 2/16/75 5/2/90

170 Morris T. m c 8/11/79 7/10/90

171 Dotson M mc 4/25/80 6/22/90

172 Croston S. f c 9/11/75 6/19/90

174 Sechler m c 3/15/80 9/18/90

176 Stouffer M. m c 9/24/76 9/11/90

177 Traylor J. m c 3/21/79 1/1/91

178 Korle J. f c 8/5/81 1/17/91

179 Batts C. f c 11/15/80 1/16/91

180 Shaw L. m c 12/26/79 11/9/90

181 Murton E. f h 7/30/79 1/11/91

182 Baugher M. f h 2/15/83 1/11/91

183 Bosch E. f h 9/21/79 1/10/91

184 Chinauong J. f h 3/6/80 1/10/91

185 Rosborll C. f c 8/13/77 1/22/91

186 11111llams D mc 8/19/77 1/30/91
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187 Patterson D im c 8/10/75 1/30/91

188 Puening E Im h 12/19/79 2/2/91

189 Kreuzer S f h 12/15/77 2/2/91

190 Mantz M m h 6/30/82 2/2/91

191 Hudak D f c 10/23/77 2/6/91

192 0'Braza n m c 4/3/79 2/6/91

193 Fletcher R mc 8/19/78 2/13/91

194 Norek C f c 3/23/78 2/13/91

195 Sherman L f c 10/3/78 2/13/91

196 Barulncak K f c 1/1/80 2/20/91

197 Ohlrogge D mc 9/28/80 2/27/91

198 Alexander T 1 t 12/14/79 2/28/91
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AJO ABSTRACT

Comparison Between Dentofacial and Temporomandibular
Joint Morphology-Children and Adolescents. D. KRUSE.
Case Western Reserve University, Cleveland, Ohio.

Previous studies have reported that the morphology of the
articular eminence of the temporal bone is related to various
dental and skeletal parameters as well as chronological age in
populations selected with 'normal' occlusions. The purpose of
this study was to determine if any such relationship exists in a
sample of children and adolescents with developing malocclusions.

Fifty patients, 10 to 16 years of age, from Case Western Reserve
University's Orthodontic clinic were randomly selected for study.
Dental study models and a lateral cephalogram were obtained for
each subject as part of routine orthodontic records. In addition,
axiographic tracings of condylar movements were recorded and a
measurement of the height and angle of the posterior slope of the
articular eminence derived. These parameters were statistically
compared to population characteristics and representative
cephalometric and dental cast measurements. The findings of this
itudy demonstrate that the angle of the posterior slope of the
articular eminence is not related to age or gender. The height of
the eminence is not related to gender. but is positively correlated
with the subject's aae (r=.388. p<.01 ). Of the 62 comparisons
between eminence morphology and the cephalometric and dental
cast parameters studied. only mandibular plane angle was weekly-
correlated with the anale of the posterior slope of the eminence
(r=- .229). These results indicate that morphology of the
temporomandibular joint is not related to facial morpholoay or
occlusion of the teeth.
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The purpose of this study was to determine it a relationship exists between the morphology of the
articular eminence of the temporal bone and various dental, skeletal, and population
characteristics in a sample of children and adolescents with developing matocclusions. Fifty
patients, 10 to 16 years of age, from Case Western Reserve University's Orthodontic clinic were
randomly selected for study. Dental study models and a lateral cephalogram were obtained for
each subject as part of routine orthodontic records. In addition, axiographic tracings of condylar
movements were recorded and a measurement of the height and angle of the posterior slope 01
the articular eminence derived. These parameters were statistically compared to population
characteristics and representative cephalometric and dental cast measurements. The findings of
this study demonstrate that the angle of the posterior slope of the articular eminence is not related
to age or gender. The height of the eminence is not related to gender, but is positively correlated
with the subject's age (r=.388, p<.01 ). Of the 62 comparisons between eminence morphology
and the cephalometric and dental cast parameters studied, only mandibular plane angle was
weakly correlated with the angle of the posterior slope of the eminence (r=-.229, P<.035). These
results indicate that morphology of the temporomandibular joint is not related to facial morphology
or occlusion of the teeth.

INTRODUCTION

Previous studies have reported that the morphology of the articular eminence of the

temporal bone is related to various dentofacial and population characteristics.
1-5

The most

notable area of focus in these investigations has been an attempt to delineate a relationship

between anterior disclusion (incisor positions) and posterior disclusion (condylar path down the

articular eminence). These studies commonly conclude by reporting the "ideal" relationship

uncovered, implying a developmental connection between the teeth and face and the TMJ

components in question. However, the population samples in these investigations were

selected for having met the authors' criteria 01 normal occlusion.

This study was designed to evaluate the relationship between articular eminence and

dentofacial morphology in a randomly selected sample of children and adolescents with

developing malocclusions. In addition, the relationship of eminence morphology to age, gender,

and race was also examined.
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MATERIALS AND METHODS

The sample population consisted of fifty children and adolescents presenting for

orthodontic treatment, age 7 years 7 months to 15 years 5 months. The mean age was 11 years 4

months. Twenty-three of the subjects were females and twenty-seven were males. Racially, the

population consisted of forty-two Caucasians and 8 individuals of African-American descent.

Dental casts and a lateral cephalometric radiograph were obtained for each subject in

conjunction with routine orthodontt pre-treatment records. From these, the following data was

collected:

A. Cast Data

1. Presence or absence of incisor contact.

2. Presence or absence of transverse discrepancy (buccal
crossbite tendency).

3. Posterior cusp/lossa morphology: mandibular first molars
subjectively evaluated and dassified as flat, moderate, or steep.

B. Lateral Cephalometric Measurements

1. Facial proportions

a. Baslon-nasion plane to gnattlion (mm)
b. Nasion to menton (mrn)
c. Basion-nasion plane to posterior nasal spine (min)
d. Nasion to anterior nasal spine (mm)
e. Anterlor nasal spine to menton (mm)

2. Cranial base length
a Sella to nasion (mm)

3. Maxillary and mandbular positions
a. Sella-nasion-A point (degrees)
b. Sella-nasion-B point (degrees)
c. A point-nasion-B point (degrees)
d. Sella-nasion plane to mandibular plane (degrees)
e. Franktort horizontal plane to mandibular plane (degrees)

4. Mandibular morphology
a. Gonion to posterior nasal spine (mm)
b. Artlculare to B point (mm)
c. Articulare to pogonion (mm)
d. Gonlon to pogonion (mrn)
e. Articulare to gonlon (mrn)
1. Gonlon to gnathion (min)
g. Articulare-gonion plane to gonion-gnathion plane (degrees)



5. Incisor relationships
a. Interincisal angle (degrees)
b. Mandbular incisor to mandibular plane (degrees)
c. Maxillary incisorto Franldon horizontal plane Wegrees)

6. Ooclusal and palatal plane inclination
a. Frankfort horizontal plane to functional occlusal plane

(degrees)
b. Palatal plane to Franklort horizontal plane (degrees)

In addition, axiographic tracings of both joints were recorded for each subject. Utilizing

the axis-orbital plane as a reference, the slope of the first 3 millimeters of the protrusive tracing was

measured and an average for both joints computed. An estimate of the height of the eminence

was determined by measuring the from the lowest point on the protrusive tracing to the axis-orbital

pland perpindlcularly, and an average of both joints computed (see figure I). The following

statistical comparisons were made:

1. Articular eminence morphology vs. gender utilizing t-test statistical analysis

2. Articular eminence morphology vs. age utilizing correlation coefficient analysis

3. Articular eminence morphology vs. race utilizing t-test statistical analysis

4. Articular eminence morphology vs. dentolacial morphology as determined

cephalometrically utilizing correlation coetticient analysis

5. Articular eminence morphology vs. dentofacial morphology as determined from dental

casts utilizing one-way analysis of variance testing



Figure I Axiographic measurements
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The overall values for height and angle of the articular eminence as determined from the

axiographic tracings are presented in table I.

InbE

Variable Mean Std. Dev. Minimum Maximum

Angle 45.01 4.77 35.05 56.75

Height 5.83 0.89 3.75 7.75

No significant mean differences were found between groups separated according to gender in

angle (t=-1.66, p>.104) or height (t=-1.13, p>.263) of the articular eminence. No interracial

differences in mean of angle (t=:86, p>.39) or height (t=-.16, p>.87) of the eminence were

revealed.

The results also indicated no correlation between the subjects' age and the angle of the

articular eminence (r=-.19, p>.18). However, chronological age and the height 01 the articular

eminence were positively correlated (r=.39, p<.01). Therefore, age was considered as a covariant

in other statistical comparisons involving the height of the eminence.

Cephalometrically, the only statistically significant finding with regard to the angle of the

articular eminence was a weak inverse correlation with mandibular plane angle (r=-.229, p<.035).

No significant correlations were uncovered in comparing the cephalometric measurements to the

height of the articular eminence (see table 11).

In comparing the angle and height of the anicular eminence to the dental cast

parameters, one-way analysis of variance testing was utilized. No significant differences of means

of eminence angle were found among the groups with and without incisal contact (F=3.95,

p>.05), among the groups with and without transverse arch discrepancy (F=1.0, p>.32), or among

the three different groups classified according to posterior tooth cusp morphology (F=.11,
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p>.89). No significant differences of means of eminence height were found between the groups

with and without inclsal contact (F=.92. p>0.340), between the groups with and without

transverse arch discrepancy (F=.31, p>0.58), and among the three different groups classified

according to posterior tooth cusp morphology (F=.05, p>0.95) (see table Ill).



r : Height of
Standard r: Angle of r: Height of eminence- age Reliability Reliability

Mean Devlation eminence eminence corrected (digitizing) (tracing)
94.55 6.48 -.0522 .1861 -.0935 .9966 .9785

113.87 7.24 -.2234 .0905 ..1749 .9988 .9422

70.40 3.81 .0505 .2199 .1148 .9932 .9378
23.79 2.95 -.0571 .2763 .1111 .9922 .7997

50.24 4.35 ..1400 .1586 -.0077 .9986 .7715

66.95 5.54 -.2115 -.0171 -.1866 .9976 .9034
82.98 3.47 -.0292 .1546 .1272 .9828 .8421

77.50 3.48 .1314 .1387 .0673 .9886 .7656

5.47 2.09 -.2715 .0215 .0950 .9922 .9314

5.43 2.96 -.0459 -.0818 -.0731 .9962 .7416

38.78 3.51 .0311 .2359 .0465 .9914 .5896

93.70 6.32 .0857 .2497 .0367 .9954 .9662
101.31 6.52 .0638 .2596 .0165 .9970 .9801

35.60 4.80 -.2250 -.2129 ..1729 .9914 .8834

24.80 3.64 *-.2290 -.2120 -.1750 .9692 .8211

42.61 4.07 .0945 .2006 -.0154 .9978 .6146
72.56 5.36 .0983 *.3130 .1182 .9950 .8244

126.53 4.90 -.2114 -.2557 -.1999 .9944 .7880

89.25 10.01 -.0465 **-.3727 ..2648 .9743 .7027

114.23 8.12 -.0254 .0376 -.0192 .9980 .9549

-7.09 3.39 .2134 *.2881 .1199 .9615 .8785

72.27 5.26 .0948 *.3250 .1388 .9970 .8003

127.05 12.39 -.0555 -.1775 -.1161 .9980 .7027

127.80 14.48 -.4126 -.2706 -.2326 NA NA

126.69 11.48 .1659 -.1175 ..0519 NA NA

Table 11 - Data Summary



Eminence momhology vs. cast measurements

Variable
Angle of eminence Height of eminence

F ratio (p vallie) F ratio (p value)
Incisor

Contact 3.948 (.053) .917 (.343)
Transverse

discrepancy .995 (.324) .306 (.583)
Posterior cusp

Morphology .113 (.893) .046 (.95)

DISQUESIQN

In contrast to previous studies, the current study failed to elucidate any significant

relationship between the morphology of the articular eminence and that of the face and teeth. Of

the 62 comparisons between eminence morphology and the cephalometric and dental cast

parameters studied, only mandibular plane angle was weakly correlated with the angle of the

posterior slope of the eminence (r=-.229, P<.035). These results indicate that morphology of the

temporomandibular joint is not related to facial morphology or occlusion of the teeth.
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