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Abstract

TEMPOROMANDIBULAR JOINT RELATIONS OF BONE AND LATERAL

PTERYGOID MUSCLE: A COMPUTERIZED TOMOGRAPHY STUDY

Duane K. Yamash i ro

This study uti l ized the imaging technique of computerized tomo

graphy (CT). Scans taken with a GE CT/N 8800 scanner of an adult

cadaver and a 12-patient group were obtained through the Loma Linda

University School of Dentistry, TMJ Department, and Loma Linda Univer

sity Medical Center, Department of Neuroradiology.

The lateral scout image and a lateral cephalogram of the cadaver

were compared using six angular measurements for facial type from

Ricketts' Cephalometric Analysis. The six measurements. Maxi llary

Depth, Facial Depth, Mandibular Arc, Mandibular Plane, Lower Face Height

and Facial Axis, were found to be similar. This allowed the investiga

tor to rely exclusively on CT scans to determine facial type and to image

the hard and soft tissues of the TMJ.

Axial, coronal and sagittal images were used to measure axial

condylar angle, transverse condylar head dimension, antero-posterior

condylar head dimension, sagittal joint interval, central and medial

coronal joint interval and the lateral pterygoid muscle angle and length.

The mean values for these measurements were compared with respect to

facial type. Although the smal l sample precluded statistical analysis.



a trend toward a decreased lateral pterygoid muscle angle in an axial

plane was noted in the dol ichofacial group.

This appl ication of CT was l imited to studies of condylar position

and lateral pterygoid muscle relations in different facial types. The

relative non-invasiveness of the technique lends itself to other areas

of concern to orthodontists. These include condylar and muscle responses

to orthodontic treatment such as functional appl iances and orthopedic

mechanics. Longitudinal studies of growth and development of the lateral

pterygoid muscle and other hard and soft tissues which are not imaged

satisfactorily with conventional radiography are now possible.
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CHAPTER 1

Introduction

Condylar position in the glenoid fossa is an everyday concern of

the orthodontist. One of the traditional ways to evaluate position is

by use of a laminagraphic radiograph. Research has shown that there

2-c Q 1 -3 1 c 24-26 T2
can be a large variation in condylar position. ' ' ' ' '

increased accuracy in determining position would make diagnosis of

condylar position more useful to the cl inician.

Orthodontic cl inicians have come to appreciate the differences in

skeletal morphology by treatment response of the different facial types,

Facial types have been categorized broadly in brachyfacial , mesofacial

and dol ichofacial patterns. There has been some indication in the

251 iteration that condylar morphology and facial type are related.

The purpose of this study, therefore, is to find a more accurate

way to perform measurements and find relationships between condylar

position and facial type. This would give the cl inical orthodontist

a more accurate way to individual ize treatment of a patient based on

condylar position.



CHAPTER 2

Literature Review

The first study of the morphology and relation of the TMJ util izing

a cephalometric 1 aminagraphic technique was publ ished by Ricketts in

1950. In this article and subsequently in 1952, he showed that the use

of laminagraphy gave reproducible results. Subdividing the sample into

normal, Class I , Class I I and Class I I I malocclusions, he studied the

TMJ to see if it reflected changes in occlusal relations. The resting

position of the condyle was determined in 55 subjects where three rela

tions between the mandibular condyle, glenoid fossa and the articular

eminence of the temporal bone were measured. The first measurement was

the space between the posterior slope of the articular eminence to the

anterior border of the mandibular condyle. The second was from the

superior tip of the mandibular condyle to the roof of the glenoid fossa.

The third measurement was referenced to a l ine perpendicular to the Frank

fort Horizontal Plane (PHP), a plane which passes from the superior rim

of the external auditory meatus to the inferior rim of the orbit. The

perpendicular l ine was drawn through the center of the external auditory

meatus and the distance from this l ine to the posterior border of the

mandibular condyle was recorded.

Ricketts' conclusions in regard to condylar and occlusal relations

are summarized below.

1. In Class I and Class I I malocclusions the relation of the



mandibular condyle to the slope of the articular eminence of the tem

poral bone remained constant with the teeth in occlusion.

2. In Class I I malocclus ions the resting position of the condyle

was downward and forward when compared to the normal control group.

3. Wide variation between patients was evidenced in the normal

laminagraphic measurements.

k. The standards for laminagraphic analysis of the TMJ's condyle-

fossa relations for fully occluded teeth were for condy1e-articular

eminence space, ranging from 0.5mm to 3.0mm with a mean of 1.5mm and

a standard deviation of 0.5mm. The distance between the superior tip

of the condyle to the roof of the fossa had a mean of 2.5mm, a standard

26
deviation of 1.0mm and a range from 0.5mm to 5.5mm.

Other reports of simi lar radiographic measurement studies of TMJ

relations have been made. Blascke (l98l) studied corrected lateral

tomograms and measured the area of the joint space anterior and posterior

to the mandibular condyle. In 25 normal subjects in centric occlusion,

the condyles were centered, exhibited a large variation anteriorly and

posteriorly and have a low correlation between the left and right con-

3 ̂
dylar relation with the temporal bone. ' The subjects were not sub

divided according to occlusal relations or facial types.

Dumas (1983) studied 30 subjects with normal TMJs and Class I

occlusal relationships. Steiner, Downs and Tweed's analyses showed

the subjects to be all within the normal range for facial classifica

tion. TMJ tomograms, corrected for condylar angulation by using a

submental vertex radiograph, were taken. Linear measurements of the



joint space were made with the teeth in centric relation. Anterior,

superior and posterior joint spaces were measured and a combined left

and right side mean of 2,37mm for the anterior space, B.'+Trnm for the

superior space and 2.72mm for the posterior space were obtained.

The cited independent studies by Ricketts, Blascke and Dumas

util ized the radiographic technique of tomography. Klein, Blattenfein

and Migl ino (1970) dissected the TMJ on 200 cadavers and performed radio-

graphic TMJ studies on 100 cadavers. Their conclusion was that although

the images are not as sharp as those of conventional radiographs, tomo

graphy provides three-dimensional information regarding the contours of

the condyle, glenoid fossa and their relationships.

Eckerdal (1973) studied TMJs which were sectioned tomographically

and histological ly. Under favorable circumstances the central two-

thirds of the joint was accessible for clear reproduction. Both the

lateral and medial portions of the joint were blurred as a result of

extra-articular anatomical and geometric-morphological factors within

it. The medial portions of the joint were less accessible largely due

to superimposition of the base of the skul l. Joints which were narrow

medio-1ateral1y tended to be less clear than joints which provided a

wider more central portion. V/einberg (2973) attached wires to outl ine

bony landmarks on a lateral TMJ radiograph. The image was essentially a

profile or cross-sectional view of the lateral third of the glenoid

fossa and condyle.

Radiographs of the TMJ were used by Wilkie (197^) to compare

condy1e-fossa relationships with different maxi 11o-manidbular regis

trations. When intercuspation, or centric occlusion methods were used.



the condyles were centered in the fossa. The centric relation method

tended to position the condyles sl ightly posteriorly in the glenoid

fossa. Condylar position of normal subjects with Class I occlusal

relations in centric relation and centric occlusion using transcranial

22
lateral obl ique radiographs has also been studied. In centric rela

tion, the condyles were positioned more posteriorly and superiorly than

in centric occlusion. V/hen the subjects were positioned in centric

occlusion the condyles were symmetrical antero-posteriorly in their

fossae, that is the anterior joint space was equal to the posterior

.  . „ 27
joint space.

Three groups of anatomic structures essential to any evaluation of

the TMJ have been identified. First is the joint itself, second is the

teeth and their supporting structures, and third, the muscles and ten

dons. Compl icating factors in TMJ radiography are the anatomic dif

ferences among patients, the distortions caused by geometric projections

of the technique and the difficulty in reorienting the patient in the

13
same position for serial radiographs. These factors must be taken

into account when examining the TMJ.

Berret (1983) stated that the TMJ is the most difficult part of

the body to visual ize clearly by means of x-ray fi lms due to supei—

imposed anatomic structures on the joint. He also summarized the

various tomographic techniques used to study the joint. Linear tomo

graphy isolates a selected section for study by obscuring anatomic

structures above and below the level of interest. It is considered

crude by diagnostic radiologists and has largely been abandoned.



Panoramic tomography is a convenient method for screening patients with

suspected fractures and deformities. The inherent distortion in this

technique precludes it for detailed visual ization of the TMJ. He feels

it is impossible to visual ize the TMJ adequately with any other method

with the possible exception of CT.

CT is synonymous with computerized transverse axial tomography

(CTAT), computer-assisted tomography or computerized axial tomography

(cat) and computerized transaxial transmission reconstructive tomo

graphy (CTT). Computed tomography is the accepted term by Radiology

2.8and American Journal of Roentgenology. CT was described by Seerum

(1982) as a cross-sectional tomographic imaging which el iminates all

unwanted planes or anatomic layers using mathematical techniques.

Radiation that has passed through a body from multiple angles is

detected and the transmission values are stored in the computer.

A cross sect ion of absorption values for that body section is then com

puted. The computer reconstructs an image from these data and displays

it on a television screen for viewing and photographic recording.

McCullough (1975) noted that radiography and tomography fail to

demonsrrate sl ight differences In contrast characteristics of soft

tissues. CT images tissue constrast with excellent discrimination.

This is in agreement with Marshall who stated that a radiograph "does

not distinguish between a homogeneous object of non-uniform thickness

and a uniformly thick object of varying composition."^^

Since the first CT brain scanner was installed in the United

States only 10 years ago, it is not surprising that there is only



one publ ished CT study of the TMJ. CT-assisted arthrography is use

ful in patients who show cl inical evidence of internal derangement and

12normal radiographic findings. Wilkinson and Maryniuk (1983), using

eight cadaver joints, compared CT images against sequentially dissected

soft tissue sl ices of the same cadavers. They reported that CT was

valuable in imaging the morphology of the TMJ without the invasiveness

of arthrography. The image gave excellent bone definition, permitted

visual ization of the contour and amount of cortical bone and the

condylar position within the glenoid fossa.



CHAPTER 3

Materials and Methods

A 47-year-old dentulous female cadaver was obtained through the

TMJ Department of Loma Linda University School of Dentistry. Prior to

rigor mortis the mandible was manipulated into a position where the

teeth were fully occluded. The maxil la and mandible were wired together

in the fully occluded relation. After the head was sectioned from the

body at spinal level C-3 it was drained, shaved and stored frozen for

later radiographic and CT studies.

A lateral cephalogram was taken of the frozen head and an acetate

tracing made of the cephalogram. This was analyzed using six of

Ricketts' cephalometric measurements for facial type (Figure l). The

head was then scanned using a GE CT/N 88OO scanner. A lateral scout

image (Figure 2), a lateral head projection simi lar in appearance to a

lateral radiograph of the head, was magnified 1.75 times and analyzed

using the same angular measurements as the lateral cephalogram. This

procedure concluded the cadaver portion of the study.

The patient group consisted of 12 dentulous non-growing adults,

8 females and 4 males, ranging in age from 20 to 82 years (both females).

The subjects were selected from the computer tape records of the Depart

ment of Neuroradiology, Loma Linda University Medical Center, based on

scans through the TMJ. The tape files contained 27 patients who had

been scanned through the TMJ. Of these, two were edentulous and not



LATERAL CEPHALOMETRIC TRACING OF FROZEN HEAD

The six angular measurements used to determine
facial type were Maxi llary Depth (MD), Facial
Depth (FD), Mandibular Plane (MP), Mandibular
Arc (ma), Lower Face Height (LFH) and Facial
Axis (fa).
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included in the study. A four-year-old, because of age, and 12 patients

whose lateral scout images were incomplete, were also excluded, leaving

only 12 subjects.

The study group had been scanned using either an internal auditory

canal (lAC) or a temporal bone examination. The lAC examination, usually

indicated to rule out acoustic neuromas, is taken in the axial plane at

1.5mm intervals through the entire temporal bone. When coronal examina

tion is not possible, axial images are reformatted for a coronal recon

struction. The usual indications for this examination are facial nerve,

ossicles and other structures in the temporal region. in both of these

examinations the head is positioned so the CT cut is parallel to the FHP

and perpendicular to the midsagittal plane.

The lateral scout of each patient was analyzed for facial type

using the six angular measurements of Ricketts. Using axial, coronal,

sagittal (Figure 3) and coronal reformatted images, relations of the TMJ

were recorded in relation to an X-Y grid superimposed on the head with

the X axis corresponding to the FHP (Figure A). All axial sections

measured were taken from a scan passing through the tip of the articular

eminence in the axial plane. Sagittal and coronal scans were taken

through this reference to achieve reproducible values. One operator

performed al l measurements to preclude interoperator error. Each

measurement was recorded to the outermost edge or between l ines best

describing a long axis at a magnification of 1.2.

The axial images of the right and left TMJ were examined for hard

and soft tissue relations. An axis was drawn through the observed long



SAG TTAL

CORONAL

FIGURE 3. THREE PLANES IN TOMOGRAPHY

The axial plane Is oriented from the superior rim
of the external auditory meatus to the inferior rim
of the orbit. The sagittal and coronal planes are
then oriented at right angles to this basel ine.
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AXIAL SCAN THROUGH CONDYLES AND TEMPORAL BONE WITH
SUPERIMPOSED GRID

Each division on an axis represents l .Ocm. Angular
measurements such as the angle of lateral pterygoid
muscle (L) were in relation to the X-axis.



axis of the right and left condyle and the angle measured against the

X-axis (Figure 5). The transverse dimension of the right and left con-

dylar head was measured as the distance from medial to lateral poles.

The antero-posterior dimension was recorded as the greatest distance

from anterior to posterior edges on the axial view of the condyle

(Figure 6). The long axis of the lateral pterygoid was measured as an

angle to the X-axis and their length measured from the lateral surface

of the lateral pterygoid plate to the anterior of the mandibular condyle

(Figure 7).

Sagittal images were studied to measure the interval between the

outermost bone surfaces of the mandibular condyle and the posterior

slope of the articular eminence of the temporal bone at their closest

distance. This measurement was noted for right and left sides (Figure

The interval between the outermost bone surfaces of the right and

left mandibular condyle and temporal bone was obtained from coronal

images of the TMJ. This interval was divided into the central joint

interval , at the center of the coronal section, and the medial joint

interval, measured from the medial pole of the mandibular condyle

(Figures 9 and 10).
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CORONAL SCAN THROUGH GLENOID FOSSA AND CONOYLE

Central coronal joint interval (CC) between the
condyle (C) and roof of the glenoid fossa of the
temporal bone (IB) on a coronal CT scan.



CORONAL SCAN THROUGH GLENOID FOSSA AND CONDYLEFigure 10.

Medial coronal joint interval (M) from the media]
pole of the condyle (C) to the medial surface of
the glenoid fossa (IB) of the temporal bone.



CHAPTER h

Results

Values obtained from the analysis of the lateral cephalogram of

the frozen head were compared to those of the lateral scout. Five of

the six angeles were the same. The value for Mandibular Arc on the

tracing from the cephalogram was 36 degrees compared to 32 degrees from

the lateral scout (Table I).

The mesofacial group had a mean condylar angle of 2^f.8±12.0

degrees for the right and 21.8 ±7*7 degrees for the left side (Table

2). Transverse condylar head values showed l ittle left-right differ

ences; the mean values for both sides of 2.1cm had a standard deviation

of 0.3 for the left and 0.5 for the right side (Table 3)- There was no

difference between sides in the A-P condylar head dimension and sagittal

joint interval. These values were 0.7 ±0.2cm and 0.2 ±0.1cm respectively

(Tables k and 5). The mean left-right values were 0.2± 0.13cm and 0.2±

0.07cm for the central coronal joint interval (Table 6). Left-right

differences of the medial joint interval were very sl ight. Values of

0.4 ±0. 12cm and 0.4±0.13cm for left and right show l ittle difference

(Table 7). Left-right differences were greater in lateral pterygoid

muscle angle. The left was 39.5 ±1.2 degrees compared to 37.0 ±8.7

degrees on the right (Table 8). The muscle length showed less varia

bi l ity with values of 3.B±0.59cm and 3.7±0.42cm (Table 9).
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The brachyfacial group had a condylar angle mean value of 21.8 ±

7.7 degrees on the left and 2^.8 ±12 degrees on the right (Table 2).

Transverse condylar head means were 2.1cm for both sides with a standard

deviat ion of 0.5 and O.3 right and left (Table 3). The right A-P con

dylar dimension was 0.7±0.2cm and the left 0.8 ±0.2cm (Table k).

Sagittal joint interval left-right values were 0.2 ±0.01 cm and 0.2 ±0.1cm

respectively (Table 5). Central and medial coronal joint intervals showed

l ittle left-right differences (Tables 6 and 7). Mean central interval was

0.2cm with a left-right standard deviation of 0.2 and 0.21. Right medial

value was 0.5 ±0.12cm and left was 0.5 ±0.01cm. The lateral pterygoid

muscle angles were AO.2 ±9.8 degrees and 39.3-A.29 degrees, right and

left (Table 8). Muscle lengths showed no side differences in mean values

and a left value of 0.37 and right of O.3I for standard deviation (Table

In the dol ichofacial group the left-right condylar angle values

were 22.1 ±18.8 degrees and 21.7-19.6 degrees (Table 2). Transverse

condylar head mean values were 1.9 ±-.5cm for the right and 1.8 ±0.5cm

on the left (Table 3)- The A-P condylar head mean values of 0.8cm showed

no difference for sides and a standard deviation of 0.1 on the left and

0.3 on the right (Table A). Mean left and right values for sagittal joint

interval were 0.2cm with a standard deviation on the left of 0.05 and 0.1

on the right (Table 5). The left-right coronal and medial joint intervals

were 0.2 ±0.08cm and 0.2 ±O.OAcm for the coronal and O.A ±0.23cm and

0.3 ±0.20cm for the medial (Tables 6 and 7)• Lateral pterygoid muscle



angles were 33*6 -10.45 degrees on the left and 34.0 ±9.1 degrees on the

right (Table 8). The muscle lengths were 3-5 ±0.53cm and 3.7-0.6lcm,

left and right (Table 9).



Table 2

Condylar Angle
(degrees)

Right

Facial Type N X s X s

Brachyfaci al 3 21.4 4.3 20.8 6.2

Mesofac i al 5 24.8 12.0 21.8 7.7

Dol ichofacial k 21.7 19.6 22.1 18.8

Table 3

Transverse Condylar Head
(cm)

Facial Type

Brachyfacial

Mesofac i al

Del ichofacial

Ri ght



Facial Type

Brachyfac ial

Mesofacial

Dol i chofac ial

Table h

A-P Condylar Head
(cm)

Right

Table 5

Sagittal Joint Interval
(cm)

Right

Facial Type N X s X s

Brachyfacial 3 0.2 0.01 0.2 0.1

Mesofacial 5 0.2 0. 1 0.2 0.1

Dol i chofacial 4 0.2 0.1 0.2 0.05



Facial Type

Brachyfacial

Mesofacial

Dol ichofacial

Table 6

Central Coronal Joint Interval

(cm)

Ri qht

Table 7

Medial Coronal Joint Interval

(cm)

Right

Facial Type

Brachyfacial

Mesofacial

Dol i chofacial



Facial Type

Brachyfacial

Mesofacial

Do!Ichofac i al

Table 8

Lateral Pterygoid Muscle Angle
(degrees)

Right

Table 9

Lateral Pterygoid Muscle Length
(cm)

Right

Facial Type

Brachyfaci al

Mesofacial

Dol i chofac i al



CHAPTER 5

Di scuss i on

The practical ity of uti l izing CT scans in studying hard and soft

tissue relations of the TMJ and its relation to facial type is depend

ent on its adaptabi l ity to an existing orthodontic analytical method

for determining facial type. The Ricketts' Analysis, based on cephalo-

metric radiographs, provides measurements necessary to determine the

facial type. When angular measurements of the lateral cephalogram and

lateral scout are compared, only Mandibular Arc varies. This can be

explained by the change in magnification factor which would affect

l inear, but not angular measurements as evidenced in the five angles

that matched. The 2-degree difference between cephalogram and lateral

scout was due to the poor visibi l ity on lateral head images of the

anterior border of the ramus and coronoid notch, both essential land

marks in locating Xi (Figure l). The close correlation of angular

measurements enabled the investigator to rely on CT images alone to

determine the facial type.

Unl ike conventional radiography, CT is not affected by overlying

anatomic structures and geometric morphologic factors. Thus is pro

vides a more accurate image of the position of the condyle in the

glenoid fossa. Another advantage is CT's abil ity to image soft tissue.

This allows the determination of the lateral pterygoid relationship.



CT values for bone relations tended to be in agreement with Dumas

(1983). Conventional tomographic values of 2.46lmm for the right

sagittal anterior joint space and 2.288mm for the left and left-right

condylar angulations of 20.31 degrees and 21.66 degrees were simi lar

to those of CT (Table 2). The observation of an extremely low angle

in patient 31-12-7^ with otherwise normal measurements is unexplainable

25
(Appendix 1.4). Ricketts reported an anterior Joint space of 1.5mm

in a control group of Class I, I I and IN mal occl us ion. The radio-

graphic material was from a sagittal view uncorrected for condylar

angulation so the superimposition of medial and lateral poles probably

accounts for the different value noted by Dumas.

The transverse width of the mandibular condyle based on 10 skul ls

and 10 patients without regard to facial type, was found to be from

1.5cm to 2.0cm.^^ Results of our CT values for al l three facial types

l ie within this range (Table 3)•

The close agreement between these three hard tissue measurements

using conventional radiographic imaging and CT values suggests that

hard tissued measurements previously unreported may be useful in

describing the joint. Measurements of the antero-posterior condylar

head and the coronal joint intervals support the observation that mean

bone relations noted in this study are not determinant variables for

facial type.

Initially the human subject portion of the study was designed as

prospective. The daily schedules for CT studies that would pass

through the TMJ were to be reviewed for potential subjects, screened



to insure that their condyles were seated in the glenoid fossa and that

they had normal occlusion. After two months it was determined that

this design would necessitate a longer time period than currently avai l

able in a Master's degree program in Orthodontics. Two subjects were

scanned through the TMJ and had intact lateral scout images. Two

months of interviewing and examining occlusions of potential subjects at

Loma Linda University Medical Center, Department of Neuroradiology, and

reviewing CT images, revealed the need for a protracted period of time

to complete a prospective study. The study design was modified and an

addendum approved by the Human Studies Committee. The change allowed a

retrospective evaluation of patient records on the computer tape files

of the Neuroradiology Department. This provided access to patients

scanned over the period covering 1982 to the Spring of 1984.

In consultation with a biostatisticlan, it was determined that

discriminant variance would be necessary to show statistically val id

relationships between facial type and the variables. This meant that

statistical ly meaningful results using this method would necessitate

having 20 subjects per variable. Sixteen variables with a subject to

variable ratio of 20:1 amounts to a minimum of 320 subjects, a number

far exceeding the scope of this study. Trends, however, were noted and

29
have been reported as such.

The findings of a decreased pterygoid muscle angle may have

cl inical significance in predicting the immediate side shift potential

in mandibular lateral excursions of dol ichofacial patients. The treat

ment goals would have to be modified to harmonize with the underlying

anatomy to insure adequate anterior guidance.



CHAPTER 6

S umma ry

This study presents CT data from a cadaver and a patient group.

The TMJ was examined from axial, coronal and sagittal images. In addi

tion to bone and lateral pterygoid measurements of the TMJ, the facial

type of each subject was determined by applying Ricketts' Cephalometric

Analysis to a CT image. The advantages of this appl ication are several-

fold:

1. Access to the Neuroradiology CT computer tape fi les can supply

the data for future studies of hard and soft tissue variations in

facial types.

2. A single imaging technique suffices in the determination of

facial type as well as soft and hard tissue imaging.

3. A lateral scout image of the head, used to determine facial

type, is already part of the protocol for the temporal bone and internal

auditory canal examinations.

A. Soft tissue images are possible with a relatively non-invasive

techn ique.

5. CT allows the possibil ity of longitudinal soft tissue growth

and development studies, especial ly muscle relationships in the head

and neck structures.

The trend noted in condylar position suggests that there is l ittle

difference among mesofacial, brachyfacial and dol ichofacia1 types. The



trend for lateral pterygold muscle suggests that in the dol ichofaclal

group there exists a decreased muscle angle when measured in the axial

plane. The cl inical significance of this proposed trend must be further

evaluated in l ight of these questions.

1. Wil l discriminant variance support the proposed trend in an

adequate study group?

2. Can the proposed trend in a decreased lateral pterygold muscle

angle be a factor in facial type determination?

3. Is there any influence on growth and development of the

mandibular condyle by the lateral pterygold muscles?

One area for future investigation is to develop protocols for

evaluating relations of other muscles in the TMJ and the face. To

accompl ish this it would be necessary to establ ish an ongoing relation

ship between the TMJ Department and Neuroradiology Department to insure

continued access to CT files of the present study group. The present

scanning protocol must be modified to meet the requirements for

statistical analysis. The alternative would be to wait for 300 months

given the present rate of acceptable patients, to get an adequate sample

size. The only modification recommended is to include all of the

mandible in the lateral scout images for temporal bone and internal

auditory canal examinations.

A non-invasive method of studying condylar position, muscle

orientation and facial type is valuable in orthodontic diagnosis and

treatment planning. Information provided by such a method can provide



answers to mandibular responses in patients during growth and treatment,

Treatment planned to harmonize with the underlying anatomy would be

highly desirable and beneficial to the patient.
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