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LINEAR AND ANGULAR MEASUREMENTS FROM PLAIN FILM

CEPHALOMETRY, 3DCEPH AND CBCT

Abstract

by

GABRIELLE CHE LING CHAN

The advent of cone beam computed tomography (CBCT)

in orthodontics raises the question of how it compares

with existing diagnostic tools in providing useful quan-

titative measures. This study compared linear and angular

measurements from craniometry (Cranio), plain film cepha-

lometry (Ceph), three-dimensional cephalometry (3DCeph),

and CBCT.

Sixteen linear and fourteen angular measurements

were taken using Cranio, Ceph, 3DCeph, and CBCT in 6", 9",

and 12" field of views (FOV) from five dry skulls. Cranio

values defined the "gold standard" for linear measure-

ments, and Ceph values the angular. Paired t-tests and

correlations were used for comparison.

For linear measurements, Ceph had the most signifi-

cant differences, followed by 3DCeph and CBCT. All had
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high (r > 0.75) correlations. Average discrepancies were

4.18 mm for Ceph, 1.32 mm for 3DCeph, and less than 1 mm

for CBCT in all three FOVs. For angular measurements,

CBCT(9) and CBCT(6) were not considered due to incom-

pleteness. Cranio had 6 significant differences, CBCT had

5, and 3DCeph had 2. Cranio and CBCT had low correlations

for FMA and FMIA. Average discrepancies were 2.7°· for

Cranio, 2.1° for CBCT, and 1.8° for 3DCeph. CBCT compared

favorably with craniometry for linear measurements, but

not with traditional cephalometrics for angular.
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You are in my prayers.

1V



TABLE OF CONTENTS

Page

ABSTRACT ..............................................ii

DEDICATION ............................................ iv

TABLE OF CONTENTS ......................................V

LIST OF FIGURES ...................................... vii

LIST OF TABLES ...................................... Vili

INTRODUCTION ....................,.,..,.......,....,.... 1

REVIEW OF THE LITERATURE ...............................3

Digital Radiography ............................... 3

Cephalometry ...................................... 7

Three-dimensional Cephalometry ................... 12

Three-dimensional Imaging ........................ 16

Cone Beam Computed Tomography .................... 20

STATEMENT OF PURPOSE ..................................31

MANUSCRIPT ............................................ 32

I. Raw Data ...........................·-........ 62

II. Cranio Intraoperator Intraclass

Correlation Coefficient ......................74

V



III. Ceph Intraoperator Intraclass

Correlation Coefficient ......................78

IV. 3DCeph Intraoperator Intraclass

Correlation Coefficient ...................... 82

V. CBCT(12) Intraoperator Intraclass

Correlation Coefficient ......................86

VI. CBCT(9) Intraoperator Intraclass

Correlation Coefficient ......................90

VII. CBCT(6) Intraoperator Intraclass

Correlation Coefficient ......................94

REFERENCES ...............,,...............,........... 96

V1



LIST OF FIGURES

Figure Page

1. Lateral and frontal views of landmarks: menton

(Me), pogonion (Pg), B point (B), infradentale
(Id), mandibular incisor tip (Ll) maxillary
incisor tip (Ul), supradentale (Sd), A point
(A), anterior nasal spine (ANS), posterior
nasal spine (PNS), sella (S), nasion (N),

mesiobuccal cusp of left maxillary molar (L_U6),
left orbitale (L_Or), left coronoid (L_C), left
condylion (L_Co), left porion (L-po), left

gonion (L Go), mesiobuccal cusp of right

maxillary molar (R_U6), right orbitale (R_Or),
right coronoid (R_C), right condylion (R_Co),
right porion (R_Po), and right gonion (R_Go). .... 52

2. Landmark identification screen in 3dCEPH where
coordinates from both the lateral and the

frontal films are collected to generate a

single three-dimensional location. ............... 53

3. Collection of Cartesian coordinates in CBWorks™

viewing software from axial, coronal and

sagittal slices. ............................ ..... 54

4. Experimental design of the study showing Cranio
as the "gold standard" for linear measurements,
and Ceph for the angular. ........................ 55

Vii



LIST OF TABLES

Table Page

1. Intra-operator Error of Linear and Angular

Measurements for Cranio, Ceph, 3DCeph, CBCT(12),
CBCT(9) and CBCT(6) ..............................56

2. Means, Standard Deviations and Frequencies Each
Method Overestimated Linear Measurements

Compared to Cranio. .................. ............ 57

3. Means of Paired Absolute Differences, Standard
Deviations and Correlations of Linear

Measurements for Each Method Compared to Cranio.
58

4. Means, Standard Deviations and Frequencies Each
Method Overestimated Angular Measurements

Compared to Ceph. .........,.,.................... 59

5. Means of Paired Absolute Differences, Standard
Deviations and Correlations of Angular

Measurements for Each Method Compared to Ceph. ... 60

6. Raw Data of Cranio Measurements. ................. 62

7. Raw Data of Ceph Measurements. ................... 64

8. Raw Data of 3DCeph Measurements. ................. 66

9. Raw Data of CBCT(12) Measurements. ............... 68

10. Raw Data of CBCT(9) Measurements. ................ 70

11. Raw Data of CBCT(6) Measurements. ................ 72

V111



INTRODUCTION

There is a great deal of excitement whenever new

technology makes its first appearance. Computed tomogra-

phy has been become a staple in medicine, but now it is

starting to enter the dental field. Since Broadbent in-

vented the cephalometer in 1931, cephalometrics has be-

come a fundamental tool for formulating orthodontic

treatment plans. At present the orthodontic records con-

sist of the panoramic and cephalometric radiographs, the

facial photographs and the dental casts. Out of all of

these, only the plaster casts are three-dimensional. Or-

thodontists are making diagnoses and treatment plans from

two dimensional images. With the advent of cone beam com-

puted tomography, orthodontists have the potential to

take records in three dimensions. In one scan, cone beam

computed tomography can capture the teeth, the supporting

bony structures and the soft tissue. It has the potential

to replace conventional records. With lower cost and ra-

diation exposure, cone beam computed tomography is a vi-
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able alternative to the conventional medical computed to-

mography.

The question arises: How does cone beam imaging com-

pare with present diagnostic tools in providing the or-

thodontist with useful information? Which of the present

radiographic tools -- the cephalogram or the cone beam

computed tomographic scan -- does a better job of repre-

senting the patient?



REVIEW OF THE LITERATURE

Digital Radiography

With the increased use of computers in orthodontic

practices, digital imaging has become a viable option and

in some ways a superior alternative to conventional film

imaging. The traditional radiographic film consists of

silver halide crystals attached to an acetate base. When

exposed to radiation, the crystals are ionized and are

reduced to black metallic silver in the developing proc-

ess (Brennan 2002)·.

With digital imaging, picture elements (pixels) re-

place the silver halide crystals as the smallest compo-

nents of the image. In contrast to the haphazard distri-

bution of silver halide crystals in a film, pixels are

organized in rectangular arrays. Every pixel has informa-

tion encoded about its size, color, intensity value and

position within an image. In general, radiographic images

are displayed with grey color and intensity values range

from 8 to 12 bits. An image with 8 bits possesses 256 (or

28) shades of grey, where 0 corresponds to black and 256
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to white. Spatial resolution depends on the size of the

pixel (pixel/mm) and contrast resolution depends on the

number of grey levels. The three-dimensional equivalent

for the pixel is the volume element (voxel), where each

voxel also has a height width and thickness. A voxel vol-

ume may be considered a collection of layered bitmapped

images (Hatcher and Aboudara 2004).

A digital image can be acquired directly or indi-

rectly. With digital imaging, the image display and ra-

diation detector are separate, unlike traditional radiog-

raphy where the film is both. For both direct and indi-

rect digital imaging, the computer monitor is the image

display. But in direct digital imaging, the radiation

sensor is usually a charge coupled device (CCD). The CCD

sensor uses a network of silicon crystals to convert

light energy into an electronic signal. The signal feeds

directly to the computer and an image is projected on the

monitor. In indirect digital imaging there is a step be-

tween ·acquiring the image with the detector and display-

ing it on the computer screen. Scanning the traditional

radiograph into the computer with a flatbed scanner fit-

ted with a transparency adaptor is the most "low tech"

method of generating a digital image. Another method uses
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a phosphor storage plate (PSP). Upon exposure to radia-

tion, the PSP stores an image as energy. When scanned

with a laser, the PSP emits light and the latent image

can be transferred to the computer. Even though PSPs sup-

posedly store energy for days, they should be scanned

soon after exposure since they begin to lose information

within minutes (Brennan 2002).

Advantages of digital imaging over conventional film

radiography include speed, environmental friendliness,

reduced radiation exposure, image manipulation, storage

and communication. Reduction in working time is espe-

cially noticeable with CeD systems where the image is

displayed at the chair side within 1 or 2 minutes of ex-

posure (Wenzel and Gotfredsen 2002). PSP systems take

longer due to the additional step of scanning the plate

which takes approximately 3 minutes. But this processing

time is still faster than conventional dark room film de-

velopment (Brennan 2002).

Processing chemicals and the dark room become super-

fluous with digital imaging. Both CCD sensors and the PSP

plates are reusable and may be exposed repeatedly. In ad-

dition, developing errors are avoided (Wenzel and Got-

fredsen 2002).
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Radiation dose may be lowered with CCD systems be-

cause the sensors are more sensitive to x-rays than film.

However there is no consensus for PSP systems. Most manu-

facturers of PSP systems recommend using the same expo-

sure settings as with film (Wenzel and Gotfredsen 2002).

With the software programs available, orthodontists

can focus on the areas of greatest diagnostic importance

and ignore the rest. Adjustment of brightness and con-

trast can improve overexposed or underexposed images. The

airspace around the face can be filtered to define the

soft tissue profile more clearly. Software programs can

also help the clinician to determine and analyze cepha-

lometric measurements. With fears of tampering with medi-

cal records, many software companies have implemented

"audit trails" so that the original image may be re-

trieved (Brennan 2002).

With the prevalence of DVDs and CD-ROMs, images can

be saved economically and indefinitely. A digital cepha-

logram taken at 150 dots per inch resolution will have

approximately 1,000,000 pixels. Assuming a memory re-

quirement of 1 byte per pixel, the cephalogram would use

1 megabyte of memory space -- a tiny amount by present

standards (Halazonetis 2005).
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Digital images may be compressed and electronically

transmitted to colleagues for evaluation. Many companies

in the USA allow the submission of digital images for in-

surance claims (Brennan 2002). Recently, a standard de-

veloped for Digital Imaging and Communication in Medicine

(DICOM) has also entered dentistry. The DICOM standard

was first devised to allow computers with different view-

ing software to read images taken with various imaging

devices. Conventions for the communication, formatting

and exchange of digital images and other visual informa-

tion are part of the DICOM standard. In dentistry, the

DICOM standard would apply for radiographs and photo-

graphs (Farman 2005).

Cephalometry

Since Broadbent first developed the cephalometer in

1931, cephalometrics has become an integral part of or-

thodontics. Orthodontists use it for diagnosis, treatment

planning and evaluating growth. At the time, cephalomet-

rics offered distinct advantages over previous methods of

measuring the face and head. Cephalometrics enabled or-

thodontists to visualize the bony structures beneath the

soft tissues covering of the face. Previously, bony meas-

urements could only be performed on a dead skull with a
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craniostat. In addition, growth and development was dif-

ficult to study since adolescent skulls usually do not

come from normal, healthy children. The invention of the

cephalometer allowed orthodontists to observe the living.

from the growing child through to the mature adult.

Cephalometrics offered a way to relate changes in the

jaws and teeth to the rest of the head (Broadbent 1931).

However, cephalometrics does have its limitations.

Baumrind and Frantz (1971a) showed that a large source of

error in cephalometrics comes from identifying landmarks.

They studied sixteen conventional landmarks from repeated

tracings of twenty cephalometric films. The amount of er-

ror observed varied from landmark to landmark, and each

landmark had a distinctive and frequently noncircular en-

velope of error. The ability to find landmarks depends on

how sharply the skull surface curves in the area of in-

terest and the contrast of the bony surface with the sur-

rounding image. Greater experience also helps the opera-

tor to filter the confounding noise of overlapping struc-

tures.

In a follow-up study, Baumrind and Frantz (1971b)

evaluated the reliability of angular and linear measure-

ments from cephalometric films. They wanted to see how
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errors in locating landmarks contributed to the errors of

linear and angular measurements. Again they found that

the errors in angular and linear measurements were con-

siderable. They showed that measurem@nt errors depended

on errors in locating the landmarks, the distances sepa-

rating landmarks, and the direction of spread for the en-

velopes of error.

As recently as 2000, Perillo and associates found

that errors in locating landmarks still posed a problem.

Five examiners (three orthodontists, a dental radiologist

and a second-year orthodontic resident) evaluated lateral

cephalograms taken from 34 adult subjects. The landmarks

right and left condyle, sella, nasion point A, infraden-

tale, pogonion and menton were identified on each film

and subjectively scored as identifiable, non-identifiable

or interpreted. In addition, linear measurements between

select landmarks were determined. The investigators found

that right condyle, nasion and point A were scored as

non-identifiable most frequently. Pogonion and menton

were considered most easily identifiable. However, less

variability was found for determining linear distances

than for identifying the landmarks themselves. Their

findings seem to indicate that researchers rather than
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clinicians need to worry about precision in locating

landmarks.

With the increased prevalence of computers in the

office, many orthodontists have turned to digital radiog-

raphy. However, Chen and coworkers (2000) showed that the

conversion from film to digital images does not corre-

spond to an improvement in landmark identification. They

compared the locations of nineteen landmarks from origi-

nal cephalograms and their scanned digital counterparts.

Horizontal and vertical displacements were calculated for

each landmark on the digital images. Statistically sig-

nificant displacements in the horizontal direction were

found for the landmarks Me, Gn, ANS, PNS and LIA. Land-

marks with significant vertical displacements included Po,

Or and Gn. However, only the landmarks Or, Me, PNS and

LIA had displacements greater than 1 mm. Reliability in

locating landmarks was poorer in general for the digital

images, but only Po, Ar, ANS, and UM had statistically

significant differences. The authors concluded that or-

thodontists need to inspect these four landmarks more

closely when using digital cephalometry.

Bruntz (2004) also demonstrated that distortion oc-

curs in digitally scanned and printed duplicates of tra-
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ditional cephalograms. Initial and final cephalograms of

thirty subjects were evaluated. In the process of scan-

ning original films into digital images, the digital ra-

diograph stretched 0.8 mm in the vertical direction and

compressed 0.4 mm in the horizontal. The printing of the

digital image to paper added a 0.3 mm and 0.8 mm enlarge-

ment in both the vertical and the horizontal dimensions.

Sb the duplication of films with the computer produced a

net maximum distortion of 1.1 mm in either direction.

Cephalometric measurements using Po or Or were signifi-

cantly different in both the scanned image and the

printed cephalogram from the original film. However, su-

perimpositions were not affected.

In contrast, Schulze and associates (2002) found

that landmark recording from direct digital and conven-

tional film cephalograms to be comparable. Six landmarks

were traced from the monitor display of three direct

digital and three film cephalograms. Landmark identifica-

tion was repeated twice. The investigators found that the

direct digital images were enlarged 11.5% in the vertical

direction and 12.8% in the horizontal when compared to

the corresponding film. The landmarks nasion, posterior

nasal spine, sella, supraspinale, and orbitale all had
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significant differences in position, but the average dif-

ferences were all less than 1 mm. there was no difference

between direct digital and film imaging for interobserver

and intraobserver reproducibility.

Three-dimensional Cephalometry

Although it is possible to extract three-dimensional

information from a pair of frontal and lateral cephalo-

grams, most orthodontists tend to use each film sepa-

rately. Grayson and colleagues (1988) developed the

Broadbent-Bolton "Orientator" further to show how the 10-

cation of the same landmark identified on both the lat-

eral and frontal cephalogram can be combined into a sin-

gle three-dimensional point. The method takes advantage

of the layout of the cephalostat to coordinate the lat-

eral and frontal films. After both films are aligned on a

common Frankfort Horizontal plane, landmarks are identi-

fied on both films with the aid of a set of diverging

rays intersecting at approximately 90°. The diverging

rays represent the spread of the x-ray beams from the two

sources of the cephalostat. Unfortunately, this technique

cannot represent curved structures.
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In 1991, Bookstein and fellow investigators used the

technique developed by Grayson and colleagues to compare

the location of landmarks derived with three-dimensional

cephalometry to those from dry skulls. Six mandibular

landmarks were located on ten dry skulls. Landmark loca-

tions on the skull were calculated from the distances be-

tween a given landmark and its fellows. Both the dry

skull and three-dimensional cephalometric methods of 10-

eating landmarks had similar standard errors and preci-

sion. However, the investigators found the dry skull 10-

cation for condylion was 10 mm medial and slightly for-

ward from the three-dimensional cephalometric position.

The dry skull position for gonion was an average of 1.6

mm behind the reconstructed cephalometric point. Both dry

skull menton and lower incial edge were forward by ap-

proximately 1.4 mm. Landmarks with the lowest discrepan-

cies were the ones that could be seen most clearly on the

cephalometric films.

Dean and co-investigators (1998) tested the reli-

ability and accuracy of locating landmarks with three-

dimensional cephalometry. Four operators located fifty

landmarks on the frontal and lateral cephalograms of

three dry human skulls. Then metallic markers were at-
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tached to the actual anatomic landmarks on the same

skulls and one operator collected a new set of three-

dimensional landmarks with the marked skulls. The loca-

tions of the metallic markers served as the -gold stan-

dard" for accuracy. The average interoperator variability

for all operators, landmarks, and skulls was within 3.33

mm. The landmarks with the least variability were B point,

lower incisal edge and anterior nasal spine. Accuracy was

on average within 5.03 mm for all the operators, land-

marks and skulls. The landmarks with the identified with

the highest accuracy included B point, upper incisal edge

and lower incisal edge. Each of these landmarks was iden-

tified within 2 mm of the metallic marker. In general,

landmarks with well defined geometry exhibited the lowest

variability and highest accuracy.

Adams and colleagues (2004) compared the accuracy of

two-dimensional and three-dimensional cephalometry. Thir-

teen landmarks on nine dry skulls were used to determine

craniometric, traditional two-dimensional cephalometric

and three-dimensional cephalometric measurements. A cali-

bration framework was placed on each skull just prior to

taking three films: a frontal, a lateral and a 45°

oblique. The calibration framework was used to coordinate
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the three films and to generate three-dimensional coordi-

nates. Craniometric measurements were taken with a digi-

tal caliper. The investigators found that measurements

from the traditional two-dimensional cepalometric films

deviated significantly from craniometric ones. Differ-

ences ranged from a -17.68 mm underestimation of Gn-Zyg R

to a +15.52 mm overestimation of Zyg L-Zyg R. The three-

dimensional cephalometric measurements were within ap-

proximately 1 mm of the craniometric ones.

Until recently, three-dimensional imaging of a pa-

tient could only be achieved by merging three sources of

information since different physical media were needed to

capture the teeth, the bony supporting structures and the

facial surface. Data on the teeth were best captured with

study casts, the bony structures with two-dimensional

lateral and frontal cephalograms, and the facial surface

features with two-dimensional facial photographs (Baum-

rind et al. 2003). Methods of capturing the outer surface

of the face include stereophotogrammetry and the struc-

tured light technique. In stereophotogrammetry, two im-

ages are acquired of the subject. Corresponding points

from both images are triangulated to produce three-

dimensional coordinates for the subject (Hajeer et al.
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2004). With the structured light technique, a light pat-

tern is projected on the subject and only one image is

taken. By comparing the light pattern in the captured im-

age to that in the projection plane, three-dimensional

coordinates are calculated (Nguyen et al. 2000). Combin-

ing the three-dimensional data from the photographs and

the radiographs is possible with the photogrammetric -tie

point" method, but the process is time-consuming and

painstaking. Now volumetric scans can image the teeth,

bones and face in a single registration, dispense with

the merging process and capture more information than

conventional records can (Baumrind et al. 2003).

Three-dimensional Imaging

The goal of imaging in medicine and dentistry is to

create a faithful representation of the patient's anatomy.

Although three-dimensional cephalometrics provides three-

dimensional information about the subject, it is not a

truly three-dimensional approach. It relies on locating

the same landmarks on flat two-dimensional radiographs

and mathematically calculating three-dimensional posi-

tions. Accuracy depends on locating landmarks on both the

frontal and lateral cephalograms correctly and only

points visible on both films can be used. Errors from co-
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ordinating the films and head position remain. The fron-

tal and lateral cephalograms are still two-dimensional

images. In contrast, computed tomography (CT) and mag-

netic resonance imaging (MRI) provide genuine three-

dimensional images. Gone are the problems of merging

films and rotated heads, and any point - whether or not

it is visible on the frontal or lateral cephalogram - is

useable (Halazonetis 2005).

At present, plaster study casts are the only source

of truly three-dimensional information that orthodontists

use regularly. But merging the information from these

casts and other diagnostic records is inaccurate (Harrell

et al. 2002). Unfortunately, CT does not have enough

resolution to capture detailed images of teeth and inter-

ferences from metal and other materials create artifacts.

Accurate digital three-dimensional dental models are

available through destructive scanning of plaster casts,

laser scanning of impressions or direct imaging of the

teeth. But these models only show the dental crowns and

lack root and skeletal information. Researchers are de-

veloping ways of incorporating accurate digital dental

crown images with CT scans (Enciso et al. 2003).
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Visualizing the teeth and surrounding bone in three-

dimensions is effortless with volumetric scans. The me-

siodistal length and buccolingual width of the alveolar

ridge become evident. Software tools let the clinician

strip away tissue layers to reveal hidden anatomy. The

clinician can verify the amount of cancellous bone avail-

able for retracting incisors or distalizing molars to

avoid hitting the cortical plate. The position of super-

numerary teeth and the nearness of dental roots to bony

voids like the maxillary sinus or alveolar clefts in pa-

tients with craniofacial anomalies are also visible

(Hatcher and Aboudara 2004). CT images can elucidate the

location, long axis and root condition of impacted teeth

more clearly than plain film radiography. Anatomy like

the temporomandibular joint that is usually unclear in

conventional films is discernible (Nakajima et al 2005).

At present, CT machines do not have enough resolution to

sense the early stages of root resorption, but they have

the potential to do so in the future. In addition to the

soft tissue profile, cheek thickness, cheek prominence,

tongue size and posture may be assessed. The upper respi-

ratory tract from the nasal passages to the pharynx is

visible (Halazonetis 2005). By manipulating individual
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anatomic parts, predictions of mandibular growth and sur-

gical simulations are possible (Maki et al. 2003). We can

already use the digital three-dimensional model of the

head to simulate mandibular movement (Enciso et al. 2003).

The principal advantage of moving towards volumetric

imaging is that diagnostic information typically seat-

tered amongst conventional records is collected together.

Instead of analyzing the cephalograms, the panoramic ra-

diograph, the photographs and dental casts separately,

having a single volume that includes all the same infor-

mation allows a better appreciation of how structures re-

late to each other. But switching to three-dimensions

does not force us to discard conventional cephalometric

measurements. Volumetric scan information can be refor-

matted into a two-dimensional image similar to a cephalo-

gram, or landmarks may be located simply in three-

dimensions. The computer would be able to calculate the

midpoint of bilateral landmarks (Halazonetis 2005). This

backwards compatibility is useful since there is a lack

of longitudinal data. It will take at least a decade to

accumulate longitudinal volumetric data for studying

treatment progress and outcomes in three-dimensions

(Baumrind et al. 2003).
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Cone Beam Computed Tomography

The usefulness and convenience of computed tomogra-

phy in medicine has propelled its growth at an annual

rate of 15-20%. Since its beginning, computed tomography

was intended for craniofacial imaging, but it did not

catch on until scanners with high resolution of 2 mm

slice thickness were developed (Vannier 2003). Computer

processor speeds and memory requirements for three-

dimensional data have also impeded the clinical use of

volumetric imaging. Assuming each voxel requires 1 byte,

a volume of 10003 voxels would use 1 gigabyte of memory.

Until recently, only computers dedicated for CT use would

have possessed the computing power needed to handle volu-

metric data. For now, CT scanners usually deliver volumes

with 2563 or 5123 voxels (Halazonetis 2005).

Once Hounsfield developed computed tomography in the

early 1970s, diagnostic imaging could be done in three

dimensions (Hounsfield 1973). Radon had proposed the con-

cept for computed tomography earlier in 1917, stating

that an infinite series of two-dimensional images taken

from different positions can recreate a three-dimensional

object (Helgason 1980). Both the x-ray source and the de-

tector rotate around the subject in CT scanners. The
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first generation of CT scanners was intended to image the

head. The first "pencil beam" scanners captured a narrow

beam of x-rays on a single detector. At a given position,

the detector and x-ray source would translate horizon-

tally to image the subject line by line before rotating

1° to the next position. In a single rotation, the CT ma-

chine could only capture one cross-sectional slice. The

second "hybrid" generation had more than one detector and

substituted a small fan beam for the pencil beam. But the

scanners still needed to translate and rotate to capture

a single slice. These scanners were still primarily used

for the head since full body imaging was poor due to pa-

tient motion. The third "fan beam" generation of scanners

increased the size of the fan beam and upgraded the de-

tector to a large arc-shaped one. These scanners do not

need to translate, but can image an entire slice by

merely rotating. The fourth generation of scanners uses a

ring of fixed detectors and a circling x-ray source to

image the subject. But these fourth generation scanners

are costly, yet experience more scatter, so at present

the CT scanners of choice remain third generation. Modern
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scanners have 16 rows of detectors and can capture multi-

ple cross-sectional slices concurrently (Sukovic 2003).

Cone beam computed tomography (CBCT) was first de-

veloped to image the cardiopulmonary system. Motion arti-

facts marred conventional CT images of moving systems be-

cause it took too long to capture a volume. So the first

CBCT scanner was designed to image an entire three-

dimensional volume swiftly (Robb et al. 1983). The first

dedicated craniofacial CBCT scanner was developed in the

late 1990s (Mozzo et al. 1998) and by 2001 the Food and

Drug Administration approved its sale in the United

States (Vannier 2003).

There are differences between conventional CT and

cone beam CT. Conventional CT scanners image a patient in

a sequence of layered slices or an uninterrupted spiral,

but cone beam CT uses a pyramidal beam and a two-

dimensional detector to capture an entire volume in a

single rotation. The volume captured in a single session

contains information about both the maxilla and mandible

and can be reformatted into the traditional cephalometric,

panoramic and occlusal views. The x-ray beams with CBCT

are almost parallel so the images should not suffer from

the distortion of projection errors that plague tradi-
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tional two-dimensional dental radiography. In addition,

the computer software should factor out any magnification

(Mah and Hatcher 2004). CBCT machines provide three-

dimensional images from equipment that is small and cheap

enough for orthodontists, oral surgeons and general prac-

titioners to use in private practice (Vannier 2003).

Radiation

Patients have a lower absorbed dose with CBCT than

with conventional CT because the cone shaped beam in CBCT

uses x-ray emissions more efficiently than a fan shaped

one. The majority of the emitted beam is wasted with the

conventional fan beam since only a few thousandths of the

beam is used for imaging (Mozzo et al. 1998).

In 2002, Cohnen and fellow investigators showed that

the effective dose from CBCT was between those of conven-

tional CT and panoramic radiography. Head phantoms with

thermoluminescent dosimeters placed at thirteen anatomi-

cal sites were used to assess radiation exposure and

noise. Noise was evaluated as the standard deviation of

grey values, and was only used to compare CBCT and con-

ventional CT. Effective doses for conventional CT were an

average of five times higher than for CBCT. This result

is similar to an earlier report which stated that the ra-
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diation dose from CBCT was one sixth of spiral CT (Mozzo

et al. 1998). But when using a low-dose protocol, conven-

tional CT was only 35% higher than CBCT. Panoramic radi-

ography had the lowest dose, being one tenth of CBCT and

one thirteenth of low-dose CT. There was no difference

between CBCT and conventional CT for image noise, but as-

sessment of the soft tissue was only possible with con-

ventional CT.

Another study found limited CBCT to have superior

image quality yet lower skin dose when compared to con-

ventional multirow CT for examining hard tissues. An Al-

derson Rando head phantom was used to evaluate image

quality at the right maxillary central incisor and the

left mandibular first molar. Skin dose was measured with

a thermoluminescent dosimeter. Five operators subjec-

tively compared printed images of the teeth at equal mag-

nification and in 300 DPI full color mode. The operators

used a five point scale to rate images twice for overall

impression and for showing cortical bone, cancellous bone,

enamel, dentin, pulp cavities, periodontal ligament

spaces, and lamina dura. The limited CBCT images consis-

tently rated higher than the multirow CT images in qual-

ity. Mean skin dose for limited CBCT was also much lower
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at 1.19 mSv when compared to 458 mSv for multirow CT

(Hashimoto et al. 2003).

Comparing doses for each imaging technique directly

is not meaningful, since each method provides different

information. Conventional records for a patient consider-

ing implant surgery in both arches would include pano-

ramic and separate maxillary and mandibular CT radio-

graphs. The combined dose from the three examinations

(2.9-9.6 11Sv for the panoramic, 17.6-656.9 pSv for the

maxillary CT, and 124.9-250.3 2Sv for the mandibular CT)

amounts to 145.4-916.8 PSv (Mah and Hatcher 2004).

The areas of the head and neck receiving radiation

might also be a factor to consider. Conventional radiog-

raphy of the midface includes panoramic, orbital, modi-

fied Waters and submentovertex projections. Unlike the

radiographs needed to plan for dental implants, these

projections expose sensitive anatomy like the lens of the

eye to radiation. Schulze and associates (2004) compared

the dose and areas exposed to radiation in 4- and 16-

slice CT, CBCT and conventional radiography of the mid-

face. Thermoluminescent dosimeters were placed in an Al-

derson Rando head phantom at fifteen anatomic locations,

including the thyroid and the lens of the eye. A pos-
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teroanterior projection was substituted for the submen-

tovertex view in conventional radiography, since imaging

the phantom axially was impractical. Both 4-slice and 16-

slice CT had almost the same dose when using modified

protocols. CT had the highest dose and conventional radi-

ography had the lowest. CBCT had 2-3 times the dose of

conventional radiography. The highest dose for CT was re-

corded at the vitreous body of the eye. The mandibular

corpus or the pterygoid muscles had the highest exposure

with CBCT and the parotid area with conventional radiog-

raphy.

Accuracy

Few studies have evaluated the accuracy of CBCT im-

ages. Araki and colleagues (2004) assessed the Hitachi CB

MercuRay™ for resolving power, distortion of images, and

noise. Distortion was measured with circularity values

from the comparison of CBCT images of circular phantoms

to computer generated circles of the same pixel dimen-

sions. Noise was evaluated from the standard deviation of

Hounsfield units for water. The investigators found the

resolution of the 9" mode was 1.3 lp/mm, the 6" mode was

1.6 lp/mm, and the 4.5" mode was 2.3 lp/mm. Distortion

was less than 99.0% in the 9" mode, 98.0% in the 6" mode,
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and 96.8% in the 4.5" mode. Noise was higher in CBCT im-

ages than in conventional CT, but the investigators still

felt it was within acceptable limits. An earlier study

had found a similar spatial resolution at 2.0 lp/mm and a

similar level of distortion at less than 94.53%. It also

found the resolution of three-dimensional images to be

1.25 lp/mm (Yamamoto et al. 2003).

Mozzo and associates (1998) evaluated the geometric

accuracy of CBCT images. A geometric phantom with circu-

lar inserts of known dimensions was scanned horizontally

and at a 30° tilt. CBCT images were measured three times

and from three different angles. Results showed width and

height measurements to be within 0.8-1% and 2.2% of the

actual dimensions, respectively.

In a separate study, Marmulla and co-investigators

(2005) scanned a cubical phantom with cylindrical bores

perforating each face to evaluate geometric accuracy. The

scanned image of the cubical phantom was rotated to its

vertex and measurements were taken from slices in this

new position. The distances measured between the cylin-

drical bores on the image slices were compared to ex-

pected dimensions. Since the measured distances were
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within 0.3 mm of the expected values, the investigators

concluded that CBCT images were geometrically accurate.

Kobayashi and co-workers (2004) demonstrated that

limited CBCT was more accurate than spiral CT. Distances

from the alveolar crest to reference holes placed in five

cadaver mandibles were measured with spiral CT, limited

CBCT and digital calipers. Discrepancies from caliper

measurements ranged from 0-1.11 mm for spiral CT, and

from 0.01-0.65 mm for limited CBCT. Measurement error was

2.2% for spiral CT, but only 1.4% for limited CBCT.

Lascala and colleagues (2004) evaluated the accuracy

of CBCT linear measurements and found them to be consis-

tently smaller than the actual object. Nineteen landmarks

were used to determine thirteen linear distances on eight

dry skulls. Distances were measured with digital calipers

on the dry skulls and from two sections of the CBCT scan.

CBCT measurements were taken from an axial section in ad-

dition to a sagittal or coronal view. The investigators

found that caliper measurements were always larger than

CBCT ones, but significant differences only existed for

internal skull sites.

Hilgers and co-investigators (2005) also examined

the accuracy of CBCT images. They compared linear meas-
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urements of the temporomandibular joint from dry skulls,

digital cephalograms, and CBCT scans. The investigators

measured ten linear distances on 25 dry mandibles three

times. Cephalometric measurements were determined from

frontal, lateral and submentovertex views, while CBCT

measurements were taken from custom reformatted projec-

tions. An analysis showed that most cephalometric meas-

urements, regardless of the projection, and despite cor-

recting for magnification, were statistically larger than

dry skull measurements by 7.0-25.9%. In contrast, there

was no statistical difference between CBCT and dry skull

measurements. CBCT measurements also had the highest re-

liability, while cephalometric measurements had the low-

est.

A more recent study also showed that limited CBCT

was more accurate than conventional two-dimensional radi-

ography for measuring caries depth. This study used lim-

ited CBCT, a PSP digital radiographic system, and plain

film radiography to measure the depths bf carious lesions

from thirty unrestored human teeth. Actual depths were

later measured from serial sections of the teeth. Results

showed that interoperator correlation was high for all

methods, but measurements from PSP and plain film radio-
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graphs were significantly different from the histological

sections. Since the limited CBCT measurements were not,

the researchers concluded that limited CBCT could be use-

ful for monitoring caries (Akdeniz et al. 2006).



STATEMENT OF PURPOSE

Cone beam computed tomography is becoming popular in

the orthodontic community. The question arises of how

does cone beam imaging compare with accepted radiographic

tools in providing the orthodontist with useful quantita-

tive measures?

The first objective of the present study is to com-

pare linear measurements from craniometry to plain film

cephalometry, three-dimensional cephalometry and cone

beam computed tomography. The second objective is to com-

pare angular measurements from traditional lateral cepha-

lometry to three-dimensional cephalometry, cone beam com-

puted tomography, and craniometry.

The null hypothesis is that there is no difference

between any of the methods for linear and angular meas-

ures.
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ABSTRACT

The advent of cone beam computed tomography (CBCT) in orthodontics raises the

question of how it compares with existing diagnostic tools in providing useful quanti-

tative measures. This study compared linear and angular measurements from era-

niometry (Cranio), plain film cephalometry (Ceph), three-dimensional cephalometry

(3DCeph), and CBCT. Methods: Sixteen linear and fourteen angular measurements

were taken using Cranio, Ceph, 3DCeph, and CBCT in 6", 9", and 12" field of views

(FOV) from five dry skulls. Cranio values defined the "gold standard" for linear

measurements, and Ceph values the angular. Paired t-tests and correlations were used

for comparison. Results: For linear measurements, Ceph had the most significant dill

ferences, followed by 3DCeph and CBCT. All had high (r>0.75) correlations. Aver-

age discrepancies were 4.18 mm for Ceph, 1.32 mm for 3DCeph, and less than 1 mm

for CBCT in all three FOVs. For angular measurements, CBCT(9) and CBCT(6) were

not considered due to incompleteness. Cranio had 6 significant differences, CBCT

had 5, and 3DCeph had 2. Cranio and CBCT had low correlations for FMA and

FMIA. Average discrepancies were 2.7° for Cranio, 2.1° for CBCT, and 1.8° for

3DCeph. Conclusions: CBCT compared favorably with craniometry for linear meas-

urements, but not with traditional cephalometrics for angular.
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INTRODUCTION

With the increased use of computers in orthodontic practices, digital imaging

has become a viable option and in some ways a superior alternative to conventional

film imaging. Advantages of digital imaging over conventional film radiography in-

clude speed, environmental friendliness, reduced radiation exposure, image manipula-

tion, ease of storage and communication 1-5.

Since Broadbent first developed the cephalometer in 1931, cephalometrics has

become an integral part of orthodontics 6. Cephalometrics allows orthodontists to

evaluate bony structures beneath the soft tissues of the face. It plays a role in diagno-

sis, treatment planning and evaluating treatment progress. However, cephalometrics

does have its limitations. A large source of error comes from landmark identification

7-9

. These errors persist in digital cephalometrics and errors in landmark location re-

main comparable between plain film and digital cephalograms 10, Distortion and

magnification are other factors to consider. 11,12

Three-dimensional cephalometrics has been proposed as a way to represent

patients more accurately. Studies have shown that corresponding landmarks from lat-

eral and frontal cephalograms can be combined into a three-dimensional point 13-16

However, most orthodontists still tend to use each film separately.

Once Hounsfield developed computed tomography in the early 1970s, diag-

nostic imaging could be done in three dimensions 17. New cone beam computed to-

mography (CBCT) scanners can capture an entire volume in a single rotation 18 The

first dedicated craniofacial CBCT machine was developed in the late 1990s 18 and by
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2001 the FDA had approved their sale in the United States 19. Software tools allow

the clinician to separate tissue layers and view hidden anatomy 20, The volumetric na-

ture of CBCT scans lends itself to creating three-dimensional models of patients 21-23.

Impacted teeth, temporomandibular joints and other structures that are ordinarily dif-

ficult to visualize with conventional film radiography are revealed with CBCT imag-

ing 22. By manipulating individual anatomic parts, predictions of mandibular growth

and surgical simulations are possible 23.

However, few studies have evaluated the accuracy CBCT images. A couple of

24.25
studies examined resolution, distortion and noise ' . Others have examined geomet-

ric accuracy 18,26 . In 2004, Kobayashi and co-workers 27 showed that distances meas-

ured with limited CBCT were within 0.65 mm of actual ones and measurement error

was 1.4%. Lascala and colleagues 2 found that CBCT measurements were always

smaller than real ones, but these differences were only significant for the internal

skull base. More recent studies have shown CBCT to be accurate for linear temporo-

mandibular joint measurements 29 and for measuring the depth of caries 30

So the question is, "How does CBCT compare with accepted radiographic

tools used in orthodontics?" The first objective of this study was to compare era-

niometric linear measurements to cephalometric, three-dimensional cephalometric

and CBCT measurements. The second objective was to compare traditional angular

cephalometric measures to three-dimensional cephalometrics, CBCT and craniometry.

Cephalometrics was chosen as the standard for angular measures because the angular

measurements we actually use in orthodontics originated from cephalometrics.
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MATERIALS AND METHODS

A sample of five dry skulls was taken from the Bolton-Brush collection. Se-

leetion of skulls was based on the following inclusion criteria: 1) intact human adult

skull; 2) sufficient dentition e 14 teeth) to allow stable occlusion; and 3) maxillary

first molars, a maxillary central and mandibular central incisor present. Twenty four

landmarks (Figure 1) were identified with 1.5 mm metallic spheres and used to de-

termine thirty measurements. Sixteen linear measurements were taken from the three

planes of space (transverse, sagittal and vertical), and fourteen angular measurements

taken from common cephalometric analyses (Downs, Steiner, Tweed and Reidel).

Measurements involving bilateral structures were averaged to make a single one. Data

was collected with six different methods: craniometric (Cranio), plain film cepha-

lometric (Ceph), three-dimensional cephalometric (3DCeph), and three subgroups of

CBCT for the different modes in the Hitachi CB MercuRayTM (Hitachi Medical Sys-

tems America, Inc., Twinsburg, OH).

Three-dimensional Cartesian coordinates were collected for all the methods,

except Ceph. Use of these coordinates ensured that unobstructed measurements were

obtained. In addition, measurements taken from a single slice may not account for the

thickness of the cut, and measurement tools in viewing software may not always al-

low the operator to choose the exact pixel or voxel desired. Linear distances between

landmarks were calculated with the Pythagorean Theorem:
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where l is the linear distance, and x, y, and z are the landmark coordinates. Angular

measurements were calculated with the Cosine Law:

a2 =b24-2-2bccosA

where a, b, and c are the lengths for each side of a triangle and A is the angle opposite

side a. For angular measurements, lines connecting landmarks can be used to form a

triangle. Given the lengths for all three sides of a triangle, any angle within that trian-

gle can be calculated.

Craniometric (Cranio)

Cranio data were determined with digital calipers and a craniostat from the

Orthodontic Department, Case Western Reserve School of Dental Medicine. Rubber

bands held the mandibles in centric occlusion while mounted in the craniostat to col-

lect three-dimensional landmark coordinates. Linear measurements were taken with

the calipers to the nearest 1/1008 of a millimeter and angular measurements were cal-

culated from landmark coordinates. All measurements were adjusted to account for

the size ofthe markers.

Plain Film Cephalometric (Ceph)

Lateral and frontal cephalograms were taken for each skull with the Bolton

cephalometer located in Orthodontic Department at Case Western Reserve School of

Dental Medicine. Again, the mandibles were held in centric occlusion while taking

each film. ML and P+ values were recorded for each radiograph and used to calculate
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magnification. The ten cephalograms were traced manually with a 0.5 mm lead pencil

on acetate tracing paper and a standard light-box in a darkened room. Linear meas-

urements were taken with a digital caliper to the nearest 1/100th of a millimeter, and

angular measurements with a 3M Unitek protractor (3M Unitek Dental Products,

Monrovia, CA) to the nearest 0.5°.

Three-Dimensional Cephalometric (3DCeph)

The 3DCeph group used the same cephalograms taken for the Ceph group.

Using a template described by Baumrind and Miller 31, four fiducials were punched

into the corners of each film to control for enlargement and distortion while scanning

the films. The films were scanned into the computer with Adobe Photoshop CS2

(Adobe Systems Inc., San Jose, CA) at the following settings: 1) Document Source:

TPU for positive film; 2) Image Type: 24 bit color and 3) Resolution: 150 DPI. Scan-

ning was performed with an EU-35 transparency unit adapter fitted on an Epson®

Expression® 1600 scanner (Epson America Inc., Long Beach, CA). Images were

saved as TIFF files and analyzed with the 3dCEPH program developed by Subra-

manyan and Dean 32. The 3dCEPH program uses the Broadbent-Bolton "Orientator"

method to generate three-dimensional coordinates for landmarks identified on both

the lateral and frontal films (Figure 2). Linear and angular measurements were calcu-

Iated from landmark coordinates.

Cone-Beam Computed Tomographic (CBCT)

CBCT scans were taken with the Hitachi CB MercuRayTM located in the Cra-

niofacial Imaging Center, Case Western Reserve School of Dental Medicine. Scans
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were taken at 10 mA and 120 kV. The CBCT group was subdivided into CBCT(6),

CBCT(9) and CBCT(12) for each of the 3 field of view sizes in the Hitachi CB Mer-

cuRay™. Voxel sizes increase from 0.18 mm to 0.28 mm to 0.38 mm when going

from 6" to 9" to 12" field of views. Figure 3 shows how Cartesian coordinates for

each landmark were collected with the CBWorks™ viewing software (Cybermed Inc,

Seoul, Korea). Again, both linear and angular measurements were calculated from

landmark coordinates.

Method of Error

Landmark identification and measurements were repeated six times for all

skulls and all methods. All procedures were performed by a single operator (GC).

Measurements were recorded and saved in a Microsoft® Excel 2003 (Microsoft,

Redmond, WA) spreadsheet for statistical analysis.

Statistics

Cranio and Ceph values were taken as the "gold standards" for linear and an-

gular measurements, respectively (Figure 4). Means, standard deviations and frequen-

cies of overestimation were calculated for each method. Frequencies of overestima-

tion were determined by counting the number of times a given method was larger

than the "gold standard" for equivalent measurements on the same skull and for the

same repetition. Correlations and paired Student t-tests were also used to compare

each method to the standards. Statistical significance was set at p < 0.05 and r < 0.75

was considered weak correlation. Intraclass correlations were calculated in SPSS 14.0

for Windows (SPSS Inc., Chicago, IL) to evaluate intraoperator reliability.
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RESULTS

Table I shows the reliability of each method. All the methods had high intra-

class correlation coefficients for the linear measurements, but Cranio had low correla-

tion for the angular measurements Ll/NB, IMPA and FMIA, 3DCeph also had low

repeatability for FMIA.

Table II compares the actual linear measurements of each method to the linear

"gold standard", Cranio. Means, standard deviations and frequencies each method

overestimated Cranio are shown. Ceph tended to overestimate 4/16 possible meas-

urements, 3DCeph overestimated 11/16, and CBCT(12) 5/16. But neither CBCT(9)

nor CBCT(6) were able to capture all 16 measurements. CBCT(9) overestimated 5/15

captured measurements and CBCT(6) overestimated 4/11.

Table III also deals with linear measurements, but this table uses the paired

absolute differences of each method compared to the linear "gold standard", Cranio.

Means and standard deviations of the paired absolute differences, and correlations

comparing each method to Cranio are shown. After Bonferroni correction, Ceph had

the most measurements (11) significantly different from Cranio. 3DCeph and

CBCT(12) both had 10. CBCT(9) had 6 and CBCT(6) had 3. However, all methods

had high correlations.

Ceph had the highest average discrepancy (4.18 mm) and mean differences

ranged from 0.38 mm to 15.10 mm. Bicondylar width, Bigonial width, Maxillary

length, Mandibular height and Interincisal distance all had mean differences of less
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than 1 mm. But Mandibular length had a difference of over 15 mm, and Mandibular

corpus length had a difference close to 14 mm.

3DCeph had the next highest average discrepancy (1.32 mm). Mean differ-

ences for Mandibular length and Mandibular corpus length decreased when compared

to Ceph, but increased for Biporionic width, Bicondylar width, Upper facial height

and Mandibular height.

Average discrepancies for CBCT were less than 1 mm in all three FOVs.

CBCT(12) had an average discrepancy of 0.80 mm, CBCT(9) dropped to 0.70 min,

but CBCT(6) rose again to 0.76 mm. Mean differences for Palatal width progressively

decreased from 0.41 mm to 0.28 mm when going from CBCT(12) through to

CBCT(6). But for Biporionic width, differences increased from 0.51 mm to 0.78 mm

when going from CBCT(12) to CBCT(9). This measurement was too large to capture

with CBCT(6). Bicoronoidal width also showed progressive increases from CBCT(12)

through to CBCT(6).

Table IV compares the actual angular measurements of each method to the

angular "gold standard", Ceph. Means, standard deviations and frequencies each

method overestimated Ceph are shown. None of the methods showed a strong ten-

dency to over- or underestimate Ceph values.

Table V deals with angular measurements too, but uses the paired absolute

differences to compare each method to the angular "gold standard", Ceph. Means and

standard deviations of the paired absolute differences, and correlations comparing

each method to Ceph are shown. Note that CBCT(6) captured just 4 measurements
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and CBCT(9) had two incomplete cephalometric analyses. So we will just consider

CBCT(12) for the CBCT measurements. After Bonferroni correction, Cranio had 6

measurements significantly different from Ceph. 3DCeph had 2, and CBCT(12) had 5.

After excluding measurements previously shown to have low repeatability, the meas-

urements with low correlations included FMA in Cranio, and both FMA and FMIA in

CBCT. Average discrepancies were 2.7° for Cranio, 2.1° for CBCT and 1.8° for

3DCeph. Even after eliminating measurements with low repeatability, Cranio still had

the highest difference at 2.2°. 3DCeph continued to be the closest to Ceph at 1,6°

DISCUSSION

The purpose of this study was to evaluate the radiographic methods available

to orthodontists for measurement accuracy. Reliability for linear measures was high

for all methods and craniometric values were taken as the standard for comparison.

Previous studies have shown Ceph values to be inaccurate. In 2004, Adams

and co-workers 16 reported differences between cephalometric and craniometric

measures that ranged from -17.68 mm underestimation to +15.52 mm overestimation.

A more recent report claimed cephalometric measurements tended to overestimate

actual ones by 7.0-25.9% 29. In contrast, the results of this study showed Ceph meas-

urements tended to underestimate real values. For Bieondylar width, Bigonial width,

Maxillary length, Mandibular height and Interincisal distance, Ceph was accurate to

within 1 mm of actual values. What seems to be the common factor for these meas-

urements is that they are all close to the midline of either the lateral or frontal view.

Indeed, the ML and P+ values used to correct for magnification are also taken from
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the midlines. However, when looking at measurements that do not lie on the midline,

there are large discrepancies. Mandibular length and Mandibular corpus length are on

an oblique compared to the incoming x-ray. So they are foreshortened and the ob-

served Ceph lengths are significantly smaller.

The 1.32 mm average linear discrepancy for 3DCeph in this study is similar to

an earlier report. The previous study showed 3DCeph to be within approximately 1

mm of the gold standard 16. Although 3DCeph corrects for projection errors, it pro-

vides no benefit over Ceph for midline structures. It is actually worse than Ceph for

measurements close to the midline like Biporionic width, Bicondylar width, Upper

facial height and Mandibular height. Of all the methods, only 3DCeph showed a ten-

dency to overestimate measurements. Bruntz " showed that the conversion from film

to digital image could cause a vertical enlargement of 0.8 mm and a horizontal reduc-

tion of 0.4 mm. So errors could have arisen during the scanning of the films. Another

source of error could be the coordination of the two films.

Two previous studies did not find any significant differences between CBCT

and actual measurements. The first one examined temporomandibular joint measure-

ments 29 and the second looked at caries depth in teeth 30. In both cases, the research-

ers examined smaller regions than the present study. The results in this study are

closer to an earlier report that CBCT measurements were always smaller and differed

significantly when examining the internal skull base 28 The present study .also

showed CBCT had a tendency to underestimate. Interestingly, where a measurement

is captured in a CBCT volume seems to affect accuracy. A larger measurement like
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Bicoronoidal width can be captured near the centre of the 12" volume, but in the 6"

volume it barely fits. Even though the field of view becomes smaller, the CBCT ma-

chine uses a charge coupled device sensor and still takes the same number of images

as it goes around the patient. Although voxel size may decreases, it seems the closer a

measurement is captured to the extremes of the volume the less accurate. On the other

hand, a smaller measurement like Palatal width can be captured near the center of all

the volumes and its accuracy improves as voxel size decreases. It is unknown whether

this "extreme effect" is also found on CBCT machines with different types of sensors.

Previous studies have not compared angular measurements. Cephalometric

values were chosen as the standard for angular measures because cephalometrics is

the source of the angular measurements we use in orthodontics. The low reliability in

Cranio angular measurements also justifies the use of Ceph values as the angular

"gold standard". The Cranio measurements with low intraclass correlation coeffi-

cients all included the mandibular incisor. Since Cranio angular measurements were

determined with craniostat, this low repeatability may reflect difficulties in position-

ing the pointer on the lower incisor because of overbite. The low repeatability of

FMIA in 3DCeph may reflect cumulative errors in identifying Frankfort Horizontal

and the long axis of mandibular incisor. Baumrind and Frantz 8 showed that meas-

urement errors depend on errors in locating landmarks, distances separating land-

marks, and the direction of spread for the envelopes of error. In addition, 3DCeph

used scanned digital radiographs. Chen and fellow investigators 10 showed that Po, Ar,
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ANS, and UM were more difficult to locate with digital cephalometry. Bruntz 11 also

showed that measurements containing Po and Or had lower reliability.

Since both CBCT(9) and especially CBCT(6) had incomplete sets of angular

measurements, CBCT(12) was the only CBCT group considered for comparison. Of

all the methods, 3DCeph gave the most similar angular information to Ceph and it

had the lowest average discrepancy. But this result is not surprising since 3DCeph

used the exact same radiographs as Ceph. In contrast, both Cranio and CBCT had the

most significant differences and had low correlations. The measurements with low

correlation (FMA and FMIA) both used Frankfurt Horizontal. So a possible explana-

tion could be the difficulty of locating Po and Or on the cephalogram. Another reason

could be the nature of Ceph values themselves. For both Cranio and CBCT, the three-

dimensional coordinates of the landmarks were averaged to calculate the angular

measurements. In contrast, Ceph angular measurements were taken by averaging

planes visually. Ceph measurements involving bilateral landmarks could have differ-

ential magnification of the right and left sides, and any rotation of the skull in the

cephalostat could cause projection errors. Indeed, the Ceph values in this study were

different from both Cranio and CBCT values. Ceph values come from a flattened im-

age as opposed to the three-dimensional coordinates in Cranio and CBCT. So the an-

gular values we are accustomed to using in cephalometrics may not apply for CBCT.

CONCLUSIONS

1. Cephalometric measurements are accurate if landmarks are well-defined and in

the midline.
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2. 3DCeph corrects for projection errors, but provides no advantage over plain film

cephalometrics for midline structures.

3. Cone beam computed tomography is more accurate than 3DCeph and traditional

plain film cephalometry.

4. When CBCT measurements can be captured near the centre of the volume, accu-

racy improves as voxel size decreases. But measurements are not as accurate

when they are captured near the extremes of the volume. It is not known if this

"extreme effect"is applicable to other machines.

5. 3DCeph gives the most similar angular information to cephalograms. But CBCT

and craniometry do not compare as favorably.
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Figure 1. Lateral and frontal views of landmarks: menton (Me), pogonion (Pg),
B point (B), infradentale (Id), mandibular incisor tip (Ll) maxillary
incisor tip (Ul), supradentale (Sd), A point (A), anterior nasal spine
(ANS), posterior nasal spine (PNS), sella (S), nasion (N), mesiobuccal
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(R_Or), right coronoid (R_C), right condylion (R_Co), right porion
(R_Po), and right gonion (R_Go).

Figure 2. Landmark identification screen in 3dCEPH where coordinates from

both the lateral and the frontal films are collected to generate a single
three-dimensional location.

Figure 3. Collection of Cartesian coordinates in CBWorks™ viewing software
from axial, coronal and sagittal slices.

Figure 4. Experimental design of the study showing Cranio as the "gold
standard" for linear measurements, and Ceph for the angular.
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Figure 1. Lateral and frontal views of landmarks: menton (Me), pogonion (Pg), B point (B), infradentale (Id), mandibular
incisor tip (L 1) maxillary incisor tip (Ul), supradentale (Sd), A point (A), anterior nasal spine (ANS), posterior nasal spine
(PNS), sella (S), nasion (N), mesiobuccal cusp of left maxillary molar (L_U6), left orbitale (L_Or), left coronoid (L_C), left
condylion (L_Co), left porion (L_Po), left gonion (L_Go), mesiobuccal cusp of right maxillary molar (R_U6), right orbitale
(R_Or), right coronoid (R_C), right condylion (R_Co), right porion (R_Po), and right gonion (R_Go).
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Figure 2. Landmark identification screen in 3dCEPH where coordinates from both the lateral
and the frontal films are collected to generate a single three-dimensional location.
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Figure 3. Collection of Cartesian coordinates in CBWorks™ viewing software from axial,
coronal and sagittal slices.

*g



Linear Angular

CRANIO CEPH

Ceph //  C BCT(6) Cranio  3DCeph

3DCeph CBCT(9) CBCT(6) CBCT(12)

CBCT(12) CBCT(9)

Figure 4. Experimental design of the study showing Cranio as the "gold standard" for linear measurements, 2
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Table 1.--Intra-operator Error of Linear and Angular Measurements for Cranio, Ceph,
3DCeph, CBCT(12), CBCT(9) and CBCT(6).

Cranio Ceph 30Ceph CBCT(12) CBCT(9) CBCT(6)

r-value • r-value r-value r-value r-value r-value

Biporionic width (Po - Po) 0.9982 0.9992 0.9991 0.9991 0.9917

* Biorbital width (Or - Or) 0.9979 0.9956 0.9762 0.9924 0.9980 0.9896

* Bicondylar width (Co - Co) 0.9998 0.9996 0.9998 09993 0.9926 -

@ Bicoronoidal width (C - C) 0.9976 0.9983 0.9511 0.9992 0.9993 0.9284

Bigonial width (Go - Go) 0,9991 0.9995 0.9995 0.9995 0.9956 -

Palatal width (U6 - UG) 0.9761 0.9934 0.8797 0.9777 0.9896 0,9971

Anterlor cranial base (S - N) 0.9660 0.9957 09970 0.9925 0.9979 0.9958

 Maxillary length (,ANS - PNS) 0.9989 0.9804 0.9991 0.9978 0.9986 0.9996

2 Mandibular length (Co - Pg) 0 9994 0.9991 0.9989 0.9967 -

Mandibular corpus length (Go - Pg) 0.9995 0.9339 0.9998 0.9923 0.9986 0.9876

Upper facial height (N - ANS) 0.9956 0.9491 0.9878 0.9980 0.9978 0.9930

Lower facial height (ANS - Me) 0.9988 0.9878 0,9965 0.9995 0.9996 0.9996

 Anterior facial height (N - Me) 0.9980 0.9835 0.9995 0.9969 0.9989 --

: Posterior facial height (S - Go) 0.9796 0.9976 0.9995 0.9982 0.9964 0.9889

Mandibular height (Co - Go) 0.9790 0.9454 0.9955 0,9791 0.9043 0.8770

Interincisal distance (Ul - Ll) 0.9580 0.9917 0 9903 0.9953 0.9976 0.9989

Facial plane angle 0.9813 0.9828 0.9736 0.9960 --
0

@ Angle of convexity 0 9695 0.9949 0.9956 0.9829 0.9904 --
0

o A-B plane to Na-Pogonion 0.9792 0.9853 0.9923 0.9801 0.9915 --

Interincisal angle 0.8850 0.9662 0.9426 0,9802 0.9917 0,9965

hi
c Upper incisorto Nasion/A-point (Ul/NA) 0.8731 0.9843 0.9706 09362 0.9859 0,9933

Dj Lower incisor to Nasion/B-point 0-1/NB) 0,7162 0.9781 0.8433 0,9394 0.9756 0.9846

v Mandibular Plane Angle (FMA) 0.8807 0.9873 0.9618 0.9887 --
(D

E Lower Incisor to Mandibular Plane (IMPA) 0.5522 0.9564 0.8457 0.9719 0.9879 --

Frankfort Horizontal to Mandlbular Incisor (FMIA) 0.5046 0.9364 0.5899 0.9666 0.9843

SNA 0.8565 0.9723 0.9986 0.9957 0.9954 0.9900

2 SNB 0.8136 0.9922 0.9990 0.9941 0.9971
-0

8 ANB 0.9814 0.9800 0.9929 0,9904 0.9917

Upper Incisor to Frankfort Horizontal 0.9130 0.9803 0.9789 0.9784 0.9885 -

Frankfort Horizontal to Nasion/A-point 0.9864 0.9885 0.9858 0.9977 0.9922 -

' Intraclass correlation coefficient

- Measurement not possible
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Table 2.--Means, Standard Deviations and Frequencies Each Method Overestimated
Linear Measurements Compared to Cranio.

Cranio Ceph 3DCeph CBCT(12) CBCT(9) CBCT(6)

Mean SD Mean SD %Ceph Mean SD % 30Ceph Mean SD % CBCT(12) Mean SD CBCT(9) Mean SD %CBCT(6)

(mm) imm) (mm) (mm) >Cranio (mm) (mm) , Cran·,0 (mm) (mm) > Cranio trm) (mm) > Cranio (mmo (mm) > Cranio

Biporionic width (Po - Po) 119.0 72 120.3 6.9 93 121.8 6.9 100 118.6 6.9 27 119.3 7.3 67 - - -

 Biorbital widlh (Or -Or) 76.7 2.8 75.4 45 20 76.7 5.3 20 76.8 2.7 60 76.8 2.6 70 76.8 27 47

 Sicondylar width (Co - Co) 120.7 7.4 120.3 7.3 20 121.8 7.4 100 118.9 74 0 119.7 7.7 10

2 Bicoronoidal width (C - C) 97.2 5.0 955 4.3 0 97.6 4.5 37 98.2 4.9 0 96.2 4.9 0 96.0 4.6 23

Blgonial width (Go - Go) 954 7.1 95.0 67 27 96.2 67 93 94.7 6.9 17 95.2 7.3 30 - - -

Palatal width (U6 - 06) 53.1 13 51.4 1.3 0 52.1 1.8 10 53.1 1,6 53 53.0 1.3 50 53.1 1.3 63

Anterier cranial base (S - N) 69.5 2.5 70.0 2.7 70 70.0 2.8 70 68.7 2.7 30 58.8 2.8 30 68.9 2.7 27

 Maxillary length (ANS - PNS) 53.0 3.7 53.8 3.7 100 53.5 3.6 90 52.8 3-7 37 52.9 3.8 43 52.9 3.8 50

6 Mandibular length (Co - Pg) 124.7 5.5 109.5 50 0 124.8 5.2 73 123.5 53 0 - - --

Mandibular corpus length (Go - Pg) 89.1 56 75.2 4.5 0 89.5 5.6 93 88.2 5.5 0 88.8 5.9 13 88.7 5.6 17

Upper facial height (N - ANS) 50.6 3.2 51.4 3.1 77 52.9 3.0 100 51.2 3.1 77 51.2 3.1 70 51.3 3.3 67

1.ower facial height(ANS -Me) 70.8 6.7 64A 6.5 0 67.8 63 0 70.6 6.5 37 707 6.4 43 70.7 6.4 30

 Anterior facial height (N - Me) 121.0 4.0 116.2 4.3 0 119.4 3.9 0 120.6 3.8 27 120.6 3.7 17

K Posterior facial height (S - Go) 91.7 4.6 78.1 4.1 0 91.8 42 53 90.4 4.0 10 90.6 4.0 17 90.7 40 13

Manditular height (Co - Go) 57.4 12 56.9 2.0 50 58.6 1.7 100 57.5 1.4 57 57.8 1.4 83 576 1.7 63

Interindsal distance (Ul - Ll) 4.4 31 4.1 3 0 43 4.6 2.7 63 4.8 2.5 57 4.8 26 63 49 2,6 67

Fradon of measurements overestimated 4/16 11/16 5 / 16 5 / 15 4/11

- Measurement not possible
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Table 3.--Means of Paired Absolute Differences, Standard Deviations and Correlations of
Linear Measurements for Each Method Compared to Cranio.

Ceph vs. Cranio 3DCeph vs. Cranio CBCT( 12) vs. Cranio CBCT(9) vs. Cranio CBCT(6) vs. Cranio
Absolute Absolute Absolute Absolute AbsoluteCorrelation Correlation CorrelationDifferences (mm) Differences (mm) Differences (mm) Differences (mm) Correlation Differences (mm) Correlation

Mean SD r-value Mean SO r-value Mean SD r-value Mean SD r-value Mean SD r-value

Biporionic width (po -po) 1.27 t 0.57 09976 2.82 t 0.52 0.9983 0.51 t 0.44 0,9977 0.78 0.69 0.9906

g Biorbital width (Or - Or) 2.52 * 0.55 0,9134 2.33 2.03 0.8733 032 0.23 0,9914 0.26 • 0.19 0.9977 0.32 0.24 0.9906

 Bicondylar width (Co - Co) 0.38 t 0.24 0.9993 1.11 t 0.41 0.9985 1.70 t 0.23 0.9995 1.13 t 0.55 0.9946 - -

@ Bicoronoidal width (C - C) 1.70 t 0.82 0.9967 1.33 1.45 0.9216 1.03 t 040 0.9973 1.05 t 0.41 0.9971 1.60 t 1.08 09545

Bigonial width (Go - Go) 0.63 t 0.39 0.9976 0.74 t 0.46 0.9984 0.82 t 043 0.9972 0,56' 0.38 09966 -

Palatal width (US -US) 1.69 t 049 0.9267 1.04 t 0.64 0.9182 0.41 0.30 0.9647 0.32 0.28 0.9488 0.28 0.21 0.9644

Anterior cranial base {S - N) 1.21 · 065 08855 1.17 * 0.55 0.9029 094 t 0.89 0 9145 0.87 - 0,88 0.9307 0.86 I 0.89 0.9054

 Maxillary length (ANS - PNS) 0.73 t 0.61 0.9866 0.48 t 0.24 0.9974 0.44 * 0,36 0.9911 0.38 0.30 0.9924 0.34 0.23 0.9944

d Mandibular length (Co - Pg) 15.10 t 1.75 09493 0.36 022 0.9986 1.16 t 0,43 0.9976 -

Mandibular corpus length (Go- Pg) 13.93 t 2.14 0 9328 0.37 t 0.24 0.9991 0.92 t 0.56 0.9951 0148 t 0.25 0.9986 0.72 * 051 0.9906

Upper facial height (N - ANS) 1.47 · 0.88 0,8780 2.24 t 1.03 0.9466 070t 0.59 09760 0.76 t 062 0.9666 O.94 t 0.68 0.9540

Lower facial height (ANS - Me) 6.40 t 2.84 0.9087 2.99 t 1.03 0.9897 0.43 0.29 0.9978 0.44 0.27 0.9981 0.44 0.30 0.9977

 Anterior facial height (N - Me) 4.77 t 1.76 0.9140 1.64 t 0.51 09921 0.63 t 0.40 0.9888 070' 0.37 0.9869

3 Posterior facial height (S - Go) 13.58 t 2.12 0.8890 0.65 0.49 0.9884 140 t 1.08 0.9709 1,30 t 1.03 0.9724 1.31 t 0.87 0.9747

Mandibular height (Co - Go) 0.87 · 0.71 0.9245 1.18 t 0.59 0.9767 0,34 0.28 0.9608 0.50 t 0.40 09319 0.63 0.45 0.9344

Interincisal distance (U 1 - Ll) 0.69 057 0.9617 0.68 0,62 0.9618 0.97 0.60 0.9535 0.96 · 0.59 09501 0.89* 0.59 0.9600

Average discrepancy for all measurements 4.18 1.32 0.80 0.70 -0.76

* Significant at p < 0.05 for a paired t-test belween the Methods
t Significant at p € 0.002 after Bonferroni correction for a paired t-test between the Methods
-- Measurement not possible
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Table 4.--Means, Standard Deviations and Frequencies Each Method Overestimated
Angular Measurements Compared to Ceph.

Ceph Cranio 3DCeph CBCT(12) CBCT<9) CBCT(6)

Mean SD Mean SD %Cranio Mean SO % 3DCeph Mean SO % CBCT(12) Mean SO CBCT(9) Mean so 96 CBCT(6)

> Ceph    (') >Ceph (·) (·) >Caph (·) (·) > Ceph (·) (·) > Ceph

Facial plane angle 90.7 2.9 884 3.5 17 90.8 2.9 47 89.1 3.7 40 - -

* Angle of convexity 7.1 36 7.4 3.6 67 7.2 3.6 60 80 32 83 77 3.2 67 - - -
0

a A-B plane to Na-Pogonlon -4.9 2.4 -5.0 2.5 47 -5.0 27 40 -5.2 2.1 33 -5.3 2.2 20 - - -

Interincisal angle 142.2 10.8 141.2 9.8 43 143.7 8.4 57 144.5 99 73 143.9 10.5 70 143.3 10.8 60

 Upperinasorto Nasion/A-point (Ul/NA) 11.5 6.3 98 5.5 23 11.9 56 60 10.2 4.8 33 10.7 6.0 33 10.9 5.7 37·m

65 Lower incisor to Nasion/B-point (Ll/NB) 23.1 5.5 25.6 6.2 67 20.8 5.2 27 22.g 3.6 60 22.6 4.1 50 227 4.8 40

v Mandibular Plane Angle (FMA) 21.1 32 24.2 2.4 93 20.1 2.4 27 228 2.6 63 --- - -
E
s Lower Incisor to Mandibular Plane (IMPA) 91.2 6.4 92.9 4.7 57 89.7 5.3 50 90.7 5.5 50 904 6.6 47 - - -

Frankfort Horizontal to Mandibular Indsor (FMIA) 67.8 5.0 62.8 4.9 13 70.2 3.9 63 66.4 5.0 30 67.0 5.6 27 - - -

SNA 79.4 3.5 80.6 4.2 77 80.9 3.4 100 79.9 3.5 87 80.1 3.5 83 800 38 83

. SNS 75.9 3.2 76.8 4.0 70 77.3 3.1 100 76.0 3.0 47 76.1 2.9 73 - - -

5 ANB 3.6 1.6 3.8 1.7 80 3.6 17 60 4.0 1.4 77 4.0 1.5 83 - -

Upper Incisor to Frankfort Horizontal 105.6 8.4 101.6 7.2 7 106.5 66 50 102.0 8.3 10 103.1 8.6 20 - - -

Frankfort Horizontal to Nasion/A-point 94.6 4.2 92.3 5.0 17 94.5 4.2 43 93.3 4.8 40 93.5 4.6 40 - - -

Fradon of measurements overestimated 7 2 14 7/14 6/14 5 / 12 2/4

Measurement not possible

Angular
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Table 5.--Means of Paired Absolute Differences, Standard Deviations and Correlations of
Angular Measurements for Each Method Compared to Ceph.

Cranio vs. Ceph 3DCeph vs. Ceph CBCT(12) vs. Ceph CBCT(9) vs. Ceph CBCT(6) vs. Ceph
Absolute Absolute Absolute Absolute Absolute

Differences (-) Correlation Differences ( ) Diffe ences (*) Correlation . . Correlation CorrelationCorrelation
Differences C ) Differences C)

Mean SD r-value Mean SD r-value Mean SD r-value Mean SO r-value Mean SD r-value

Facial plane angle 2.5 t 1.83 0.7980 1.3 0.91 0.8497 2.5 t 1 36 0.7644 - -

; Angle of convexity 0.7 0.66 0 9691 04 031 0.9894 10 t 0.65 0.9764 0.8 t 0.62 0.9720 -

c A-8 plane to Na-Pogonion 0.5 0.37 0 9886 0,4 0.29 0.9831 0.7 * 052 0.9496 0.51 0.42 0.9787 -
Interincisal angle 4.4 3,20 0,8657 37 3.01 0.9188 3.6 • 2.69 0.9345 3.1 * 2.73 0.9388 2.5

* Upper incisorto Nasio,VA-point (Ul/NA) 2.4 • 2.39 0,8827 1.2 1.12 0.9724 24 * 1.42 0.9322 1.7 * 1.21 0.9498 1.1 '

 2.31 09546

0.68 0.9865

2 Lower incisorto Nasion/B-point (Ll/NB) 4 2 * 2,86 0.7106 3.1 • 3.08 0.7595 24 1.66 0.8768 24 1.87 0.8398 1.8 107 0.9276

v Mandibular Plane Angle (FMA) 3,3 t 2.22 0.6553 1.4 * 120 0.8744 29* 1.70 05362 - - - - - -
8
3 Lower Incisor to Mandibular Plane (IMPA) 4.0 ' 3.00 0.6810 28 * 2.85 0.8148 24 2.06 0.8688 2.3 2.18 0.8852 -

Frankfort Horizontal to Mandibular Incisor (FMIA) 6.1 t 3.39 0.4964 37 * 2.96 0 5895 4.4 288 0.4674 4.1 3.11 0.5365

SNA 1.6 t 1.60 08964 1.5 t 076 09768 0.6 t 0.64 0.9807 O.8 t 0.71 0.9761 0.7 t 0.70 09778

, SNB 1.4 * 1.60 0.8824 1.4 t 0.37 0.9931 0.5 0.35 0.9832 0.5 * 0.33 0.9861

m ANB 04 * 0.28 0.9736 0.3 0.24 0.9703 0.5 t 0.34 0.9741 0.4 t 0.29 0.9812 - -

Upper Incisor to Frankfort Horizontal 4.3 t 3.25 0.9069 2.2 2.39 0.9383 40 t 2.22 0.9444 3.1 t 2.41 0.9390 -

Frankfort Horizontal to Nasion/A-point 2.5 t 1.85 0.8972 1.2 0.88 0.9321 2.2 • 118 0.8930 2.1 * 1.04 0.8878

Average discrepancy for all measurements 2.7 1.8 2.1 1.8 1.5

Significant at p<005 for a paired t-test between the Methods
Significant at p < 0.002 after Bonferroni correction for a paired 1-test between the Methods
Measurement not possible
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Table 6.--Raw Data of Cranio Measurements.

Measurement 1 Measurement 2 Measurement 3

SkuDA SkuUB Skull C #ull D Skul E Skull A Skull B Skdl C Skull D Sladl E Skull A Slolll B Skull C Slolo D Skull E

Bipolionic width (Po - Po} 11440 129.28 12251 119.54 10872 11470 129.62 12268 118.94 109.15 114.48 129.88 12239 119.03 10937

Borbitalwidth (Or- 04 74.38 7998 73.17 75.70 79.83 7441 8015 73.49 76.09 8021 74 A5 79.82 7321 75.72 79.75

 Bicondyla.widlh (Co - Co) 11058 12883 128.20 121 58 11450 11054 12877 128.36 121.00 11454 11051 12875 128.29 121 33 114.41

 Bicoroneidal width (C - C) 90.81 10498 100.03 9613 9353 91.05 10511 10024 9638 93.39 91,21 10480 10006 9714 93.44

Bigonial width (Go-Go) 90,57 10775 98.28 9504 8758 90.61 10777 9644 9434 87.35 90.65 10793 96.40 9543 87.45

Palatal width (38 - UB) 53.73 5501 52.71 51 08 5298 53.90 5477 52.19 5111 52.96 54.04 54.94 52.59 5158 5302

Antenorcranialbase{S-N) 70.47 7280 6719 66.13 7090 7025 7278 87.59 6611 70.63 71.20 7286 67.22 6561 70.88

 Maxillary length (ANS - PNS) 49.88 5735 4837 5281 57.25 49.76 5744 48A5 52.96 57.13 4971 5747 48.34 5217 57.01

2 Mandibular length (Co - Pg) 118.15 13453 124/13 12265 124.15 11839 13469 123.89 12208 123.93 118.43 13471 12389 12251 123.85

Mandibular corpus length (Go - PR) 86.15 9968 87.29 8598 85.87 8634 100.34 8720 85.95 85.15 86.45 100.30 87.28 85.81 8601

Upper facial he,111 041-ANS) 5189 44.64 5323 5341 5045 51 93 44.50 5320 5308 5043 6198 44.88 53.77 52.61 5016

Lower facial hert (ANS - Me) 63.08 82.77 66.66 70.56 7018 62.76 8319 67.13 7053 70.76 62.58 8260 87.16 7033 7086

 Antelier lacial hei{#11 (N -Me) 116.14 12700 11867 123.27 12071 11540 12716 11836 12339 12078 115341 127.06 118.50 123.19 12040

> Postenor facial height {S - Go) 90.30 9608 87.65 96.97 8633 92.21 9629 87.13 9772 87.14 90.29 9535 88.91 9840 85.94

Mandibular height (Co - Go) 5790 56.66 5621 59.52 5701 5796 5683 5626 5893 5704 5812 56.40 5580 59.28 5655

Interindsal distance (Ul - Ll) 1.51 282 329 6.15 11.53 1.79 271 2.54 411 10.20 3.10 2.13 3.07 3.73 10,44

Facial plane angle 86.50 94.29 91 08 85.80 85.65 8459 9441 9009 8542 8643 85.11 94.68 59 77 85.23 8553

9 Angle of convexity 1.49 774 12.70 639 8.39 280 819 1302 697 8.55 152 848 12.78 661 8.89

A-8 plene to Na Pogonion 0.77 -3.40 -7.38 .5.79 -788 -1.38 -3.54 711 -5.49 -7.01 -0.96 -3.67 -7.28 4.80 -785

Intedncisalande 13182 137.74 12734 143.94 15665 12811 14375 13394 147.54 155.14 13060 133.67 138.74 148,27 154.34

 Upper incisor to NagioniA·poilt 1906 9.90 1489 10.86 142 1589 526 11.31 1053 3.49 18.44 712 7.66 795 2.07

M Lower incisor to NasioniB·polK 2849 2840 31 89 2147 17.14 3391 2675 28.71 1820 2386 3025 34.82 27.82 2041 1867

„ Mandibular Fine Angle (FMA} 23.71 20,57 2669 21.95 24.75 25.99 21 05 2784 2202 2355 25.63 22.16 29.03 2206 25.18

 Lower Incisorto MIN,bular PIane(IMPA) 9818 92.94 9350 94.23 8723 10315 9065 90.22 9097 93.99 9947 97,34 8832 93.15 88.31

Franldod Holizontal to Mandibular Indsor(FMIA) 58.11 66.50 5980 63.82 6802 5086 68.30 6193 87.01 62.46 54.90 60.51 6285 64.79 6651

SNA 79.18 8362 85.62 7547 7667 8249 84.68 85,31 7420 78.01 80.57 8404 86.56 7479 77.29

SNB 78.56 7966 79.74 7173 7188 81.41 8045 7928 7047 7352 79,87 79.68 80.79 71.42 7237

 ANB 0.62 396 588 3.74 479 109 4.24 603 3.73 449 0.70 4.39 5.77 3.37 4.92

Upper lndsorto FmnMon Horizorti 10629 108.75 11246 99.88 91.37 10174 104.55 107.99 99.47 8732 10430 106.83 103.91 9652 9217

Frzr,kfor Hodzontalto Nasion/A-point 8722 9885 9757 8902 89.95 85.85 9928 9668 8895 90,81 8585 99.72 9624 88.57 £010

Angular
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Table 6.--Raw Data of Cranio Measurements (cont.).

MeasuTement# Measuremet 5 Measurement 6

Skull A Skun B SkuUC Skull D Skull E Skull A Skull 8 Skull C Skul; D Skull E Skull A Skul B Skull C Sk,U D Skull E

Bipolionic width (Po - Po) 11425 12980 122.60 11917 108.78 114A8 12952 12361 119.30 10866 114.08 129.87 123.35 11908 108.71

Borbital width (Or-Or) 74.41 8013 73.36 75.91 79.74 7453 80.14 72.92 7600 79.69 74.43 79.95 73.12 76.07 8009S

 8,condylarwidth(Co-Co) 110A9 12855 12824 121 31 114.45 110.46 12874 12826 121.35 114.40 110.55 128.59 12823 12143 11430

2 Picomn©idalwidth(C-C) 90.68 10459 10034 9709 93.39 9071 104.47 10038 96.68 9342 90.87 10488 100.45 9720 93.17

Bigonial width (Go-Go) 9045 107.84 9646 94.80 8779 90.43 10792 96.50 94.35 8784 9068 107,85 96.27 9512 87.56

Palatal wdth{U6 -UG) 53.87 5491 5234 5160 5283 53.77 5487 5260 50.69 5309 53.78 54.90 52.18 51 47 52.79

Antenor clani d base (S - N) 69.65 72.81 6845 6594 70.70 69.20 72.61 6617 8590 7078 7077 72.67 68.62 66.04 70.76

 ; Maxillary length (ANS - PNS) 49.74 5729 48.39 5260 5685 49.70 57.43 48.32 5236 56.94 49.73 5736 48.35 5257 5714

 0 Mandibular lenglh (Co.Pm 11848 134.82 123.94 12231 123 88 118.40 13479 124.05 122.33 12377 118.31 134.61 12407 122.13 123.74

Mandibularoo,pus length (Go - Pg) 88.36 10031 87.31 85.83 86.25 86.28 99.93 8718 85.93 85.09 86.30 10030 87.32 85.96 8600

Upper facial height (IN - ANS) 51.71 44.92 53.03 53.03 50.73 5152 44.78 53.28 5279 50.35 51.75 44.62 5324 53.12 50.19

Lower facial height (ANS - Me) 6321 82.75 6745 1040 10.93 63.05 8271 6698 70.46 7140 62.98 8284 67.12 7030 70.59

. Anteric< facial height (N -Me) 11562 12679 11820 123.37 12074 11540 126.95 11837 12337 12096 11539 12683 118.69 123.51 12088

% Postenor facial height (S - Go) 89.84 95.88 8823 9831 8698 8942 9533 8827 9766 85,50 8951 96.18 8767 98.77 86.22

Mand,bular height (Co -Go) 5789 58.70 5618 5949 5712 5772 56.86 56.32 5960 56.71 5785 5667 56.06 59.36 5696

Interindsaldistance (Ul -Ll) 2.30 251 295 388 967 223 220 3.33 4.32 10.10 3.78 109 2.95 2.37 10.10

Facial plane angle 85.29 93.35 9050 8590 8636 85.79 9448 9004 8812 86.78 8634 94.52 9033 85.52 85.38

 Ngle 01 convexity 2.03 7.97 12.55 6.82 7.60 2.52 846 1269 7.32 764 127 878 12.30 349 7.41

 A-B plane to Na·Pommon -1.22 -353 -7.31 .5.14 776 -147 386 -7.61 -538 -7.93 -0.70 -4.13 7,16 4.13 -6.57

Interincisal ange 138.06 13273 135.87 150.07 16304 13056 13317 13366 138.21 153.92 137,52 138.51 13577 149.55 155.75

2 Upperincisorto Nasio,VApoid 1488 9.50 1061 12.65 079 1536 940 12.32 12.77 076 1955 3.61 13.30 945 2.83

Lower incisor to Nasion/8·point 2813 3354 2777 1378 1318 3298 32.87 2809 25.20 20.64 22.37 33.23 25.33 18.31 77.99

2 „ Mandibular Plme Ang!e (FMA) 26,16 24.15 2767 21.59 2400 2490 23.12 2853 21.34 24.13 23.60 22.26 26.98 20.38 25.18

€  Lowerlnasorto Mandibular Plane(IMPA) 96.61 9552 8899 8638 8350 10217 94.77 8899 97.80 9050 9236 95.91 8740 93.20 92.72

Fr=kfort Horizontal to Mandibular Inasor (FMIA) 57.23 6033 63.34 7203 7250 5293 82.11 62.48 60.89 65.36 CA.04 61.83 6561 66.41 62.10

SNA 8053 84.62 8628 74.19 7738 79.16 8458 8586 75.48 76 56 78.12 8378 85.92 8239 78.10

SNB 79.81 80.39 8053 70.68 7281 78.04 8001 79.92 71.64 7188 7756 79.13 80.33 79.70 7202

@ ANB 092 4.23 5.75 350 458 1.12 4.55 5.93 3.82 4.68 056 4.65 5.60 2.69 4.09

Upper Incisorto Frankfort Honzor,ed 101.17 10760 107,47 10196 8946 102.37 10894 108.82 10265 9145 10651 10332 109.84 9686 86.35

Frankfort Horizontal to Nasion/Appoint 86.28 98.10 9686 8931 90.25 87.01 9954 9650 89.88 9069 86.96 9971 96.54 87.41 8918
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Table 7.--Raw Data of Ceph Measurements.
Measurementl Measurement 2 Measurement 3

Skull A Sk.8 Skull C Skull D Ska E Skull A Skul[ 8 Skull C Skull D Skull E Skull A Skul18 Skull C Skull D Skull E

Bipoliorc width tpo - Po) 115.59 13076 12348 12071 11120 115,80 13066 12339 12074 110.59 11592 130.35 12365 120.89 11028

8*orbitalwidth (Or-0,) 71 62 83.21 7148 73.01 77.78 71.62 8313 71.11 7329 7764 71.44 82.22 71.36 72.97 77.73

·, Bicondylarwidth (Co - Co) 11013 128.15 12746 121.12 11467 10979 12814 127.63 121,32 114.50 110.03 128.08 128.12 121.15 114.42E

2 Bicorunoidal width (C - C) 90.06 102.19 9829 9548 9192 9000 10181 9818 95.49 9210 9039 102.07 98.39 9505 91.96

Bigonial width (Go-Go) 91.02 106.67 9589 94.69 87.29 9097 106.84 9579 94.48 8713 91.21 10659 95.15 8443 86.99

Palatal width (Ut-US) 52.82 : 52.68 50.51 49.88 5141 5284 52.56 5044 4954 5130 52.99 5257 50.58 49.87 51.13

Antelicroranial base @ -N) 70.22 74.13 68.38 68.24 71 30 7012 73.75 6645 6800 7136 6994 73.80 6622 68.12 71 97

* 3 Maxillary length (ANS - PNS) 5084 58.37 4857 53.81 5746 5049 58.36 4881 5337 5716 4997 58.01 48.62 53.79 57A6

L w landibularlenglh (Co-Pg) 105.74 118.92 10659 106.72 11010 10529 11873 10520 10686 110A4 105.50 11876 106.28 10684 110.54

Mandibular co,pus length (Go - Pg) 73.84 85.29 7329 71.56 74.55 73.84 8025 73.20 71.46 74.04 73.66 8082 73.11 7148 74.46

Upper faclal height (141 - ANS} 53.52 4613 51 57 5376 53.08 53.65 4599 5155 5321 53A9 53.57 45.94 5141 53.78 53.19

Lower fao,al heinht (ANS - Me) 5675 74.81 61 60 07.89 6038 5683 74.92 6164 67.78 6043 56.73 74.61 61.10 67.87 60.54

· Ante,iariacid height 04 -Me) 110.40 120.88 11329 120,40 11373 11052 12091 11332 120.43 11344 11078 120.93 112.70 12076 113.64

> Posterior facal height (S - Go) 77.75 79.36 7351 84.98 7532 71 12 78.84 7362 85.00 7548 77 83 78.86 7360 8515 75.13

Mandibularheight{Co - Go) 58.55 5689 54.34 5982 5554 57.64 5402 54.45 6001 55.87 58.15 56.76 54.49 59.87 5602

Interinasal distance (Ul-Ll) 156 1.73 350 3.50 948 193 210 340 3.54 10.43 167 2.42 3.47 3.53 888

Faaal plane angle 880 940 935 910 80.0 88.5 930 935 910 865 890 940 930 905 865

 Angleolconvexily 1 5 80 12.0 70 85 1.0 8.0 120 8.5 85 1 0 75 11 5 70 8.0
G AB 4aneto Na-Pogonion -15 -3.5 -7.0 -55 -7.5 -1.5 -30 7.5 -55 -8.0 -1.0 -3.5 6.5 .5.0 -75

¢ntennasal ande 131.0 130.0 140.5 1445 161.5 130.0 1340 141.5 1490 161.5 1295 139.0 138.5 146.0 1570

 UpperincisortoNasion/Apoirt 19.5 120 13.0 115 1.5 21.0 11 5 12.0 100 1.5 205 10.0 145 11.0 20
55

Lower incisor to Nasion/B poir* 29.0 310 21.0 200 14.5 28.5 30.0 215 19.0 150 290 28.0 205 20.5 165

  Mandibular FIa·,e Are (FMA) 20.5 21 5 24 0 15 0 240 205 22.5 240 15.5 230 200 220 245 155 24.0

4 0 Lowerlncisorto Mar3,bula/Plane(IMPA) 100.0 980 825 545 84.0 995 93.5 820 93.0 850 995 92,0 830 950 85.5

Fr=Mort Hodzontalto Mandibular incisor(FMIA) 59.5 605 735 705 72.0 60.0 640 740 715 720 60.5 66.0 725 695 705

SNA 775 830 840 75.5 775 775 835 850 75.5 775 770 830 84.5 755 770

SNB 765 795 790 72,0 73.0 76.5 795 790 720 730 76.5 79.0 790 720 725

 ANB 10 35 5.0 35 45 10 40 60 3.5 4.5 0.5 40 55 35 45

Upper Inclor to Frnnkfort Horizonta 1085 1105 112.5 1060 90.0 110.0 1090 1115 103.5 905 1110 108.0 116.0 1045 925

Franklin Horizontal to Nasion/A·point 89.0 99.0 995 950 91.0 89.5 980 100 5 94 0 91.0 900 090 990 940 91.0
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Table 7.--Raw Data of Ceph Measurements (cont.).
Measurernent4 Measurement 5 Measurement 6

Skull A Skull B Skull C Skull D Skull E Skull A Skull B Skull C Skull D Skull E Skull A Skull B SkulIC Skull Skull E

Biporionic widlh po - Po) 11593 130.52 12338 12076 11035 115.88 13084 12351 120.42 11083 11589 130.72 12332 120.91 110.60

Biorbitalwidlh (Or- 011 71,68 82.24 7184 7309 7767 7175 8340 7129 7320 U 74 71.73 83.85 71.27 73.22 77.55

I Bitondylarwidth(Co-Co) 110.26 128.19 12765 121.13 11430 110.20 128.24 12782 121.16 11456 11003 127.96 12779 121.43 114.45
E

£ Bicoronoidalwidth(C-C) 90.22 10175 9859 95.34 9163 9025 101.46 9834 95.25 9193 90.20 101.68 9829 95.48 92.01

Pigonial width (Go-Go) 91.38 10698 9557 94.75 87.20 9070 10666 9552 94.39 87,05 91.01 10657 95.87 94.61 8720

Palatal width FJO -U€) 52.86 5253 5032 49.63 51.35 5263 5256 5037 4959 51.34 52.94 52.90 50.34 49.63 5140

*telioral,base(SIN) 7000 74.11 6641 67.99 7143 6989 74.15 6678 68.2 71.60 7006 7424 85.61 6789 71.76

 txi[lary length (ANS - PNS) 50.18 5B 40 48.62 5366 57.04 50.41 5831 51.49 5358 57.03 5040 58.24 48.67 53.83 5769

U Mlandibularler,;th (Co-Pg) 105.44 11884 108.36 106.78 11023 105.45 11882 106.49 10656 110.28 10526 118.65 10036 108.71 11073

Mandibular corpus length (Go- PA) 7362 85.05 6988 71,74 7445 7357 8526 7333 71.29 74.47 73.50 8500 73.34 7149 74.74

Upper facial heiC#t (N - ANS} 53.87 45.75 51.11 5382 5320 53.68 4571 51.57 5380 53.32 5184 44.63 5244 53.78 40.60

Lower Facial height (ANS -Me) 56.50 74.78 6149 67.71 6032 5676 74.95 6144 67.96 60Ao 56.99 74.78 65.79 6825 60.20

 Anfed€rlac,al height (N -Me) 11081 120.76 11286 12045 113.61 110.63 12024 11330 12082 11383 113.68 124.84 116.57 121.05 11711

> Postenor facial height (S - Go) 7751 7952 7330 85.26 75.21 n 79 78.98 849 85.23 75.26 77.75 7883 73.58 8532 75.18

Mandibular height (Co-Go) 58.07 56.65 54.42 59.77 55.73 5830 5673 54.50 59.94 5586 5844 56.74 54.24 60.01 55.94

Interindsal distance (Ul -Ll) 1,64 2.04 340 352 995 150 2.10 350 355 987 2.12 276 350 3.38 10.21

Fadalplaneale 890 94.0 935 91.0 86:5 89.5 94.0 935 905 860 89.0 950 940 90.5 865

§ gle oloonvexty 10 80 12.5 65 8.0 1.0 75 12.0 70 80 10 7.0 120 6.5 7.5

C AB Flane to Na·Pogo,non -2.0 -35 7.0 -60 -8.0 0,5 .3.0 7 0 4.0 75 -10 -2.5 4.5 .50 -70

Intenncisalange 128.0 1340 141.0 1450 159.0 129.5 134.0 1395 146.0 1580 1345 1330 140.5 1460 164.0

 UpperincisortoNdo,VApoint 21 5 95 12.5 100 1.5 21.0 11.0 140 105 10 21.0 130 135 115 1.0
05

Lower incisor to Naion/B port 290 310 20.0 210 17.0 295 300 205 20,0 180 280 295 20.5 19.0 160

 Mandibular PIane Angle (FMA) 205 220 245 15.5 240 195 21.5 240 15,5 23.5 205 210 23.5 15.5 240

# Lower Incisir to Mandibular Plane (IMPA) 99.5 94.5 830 95.5 875 1010 950 83.0 945 88.0 945 93.0 825 94.0 83.0

Frankfort Horizontal to Mandibular Inasor (FMIA) 600 63.5 725 690 68.5 595 635 73.0 700 685 650 680 740 705 730

SNA 77.5 835 81.5 760 76.5 775 83.0 840 75.5 765 77.5 825 84.5 75.5 765

SNe 76.5 800 79.0 72.0 720 770 79.0 785 720 725 770 790 790 72.0 72.5

/ ANB 1.0 3.5 55 40 4.5 05 40 5.5 3.5 40 05 35 5.5 35 40

Upper Incisorto Fankfort Honzorted 111.0 1085 112.5 1040 900 1110 110.0 1135 1045 890 1100 112.5 1135 1050 895

Franklort Honzontal to Nasio,VA-point 900 98.5 1000 940 91.0 89.5 985 990 93.5 900 900 990 100.0 94.0 900

Angular
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Table 8.--Raw Data of 3DCeph Measurements.

Measurement 1 Measurement 2 Measurement 3

Skull A Skull B Skull C Skull D Skull E Skull A Skull 8 Skull C Skull D SkWIE Skull A Skull 8 Skull C SkuU 0 Skull E

Biporionic width po- Po) 117,26 131 96 125.58 122.18 11179 117.18 131 63 12588 121 83 11224 11718 131.74 12577 122.30 11219

Biolbital width (Or-04 72,37 8750 72.17 7416 7860 7323 8897 7232 74.21 7860 7251 M.12 72.06 74.33 7858

> Bicondylarwidlt,(Co-Co) 111,48 12919 130.13 12249 11581 11145 120.25 12981 122.41 11584 11128 129.38 130.07 122.50 115.87E

g Bicornnoidal width (C -C) 91.28 10345 9959 9637 9277 9594 108.31 9954 9643 9088 9404 104.60 9973 96.55 92.74

Bigonid width (Go-Go) 91 82 108,13 9701 95.77 8851 91.74 10810 9645 9574 88.48 91.98 107.63 97.01 95.13 8834

Palatal width (UB-U6) 5342 5360 51 11 50.81 5337 5352 54.16 51 08 4980 52.10 53.38 53.82 50.97 49.14 5046

Antelior cnaniel base (S-N) . 7023 74.38 6622 67.87 71 50 6948 74.13 66.38 6767 71.62 09.90 74.24 66.37 6774 71.52

 kaxillary length (ANS - PNS) 50.62 57.80 48.93 5342 5899 5026 57.79 49.03 5315 57.02 5041 5803 48.66 53.18 57.05

I Mandibularlength (Co - Pg) 11895 13430 124.23 122.73 12320 118.70 13432 124.24 12285 124.19 11851 134.28 124.21 12285 12397

Nk,ndibularcorpuslength (Go-Pm 86.89 100.64 87.77 85.98 8656 8679 10061 8762 86.05 8653 86.58 100.41 87.65 8602 86.46

Upper lacial hei,t (N - ANS) 53.43 47.20 5374 56.31 52.72 53.94 489/ 53.76 5644 52.80 53.97 47.01 5396 5603 5296

Low€rlacial height (Al,IS - Me) 61.79 7984 64.90 66 S2 66.92 61.37 77.88 64.95 68.47 6702 61.19 7992 64.82 66.76 66.94

 Anted(,faciedhe,04(N-Me) 114 56 125.53 11674 121 65 118.24 114.64 12528 116.86 12177 11841 114.49 12535 118951 121.65 11844

S Posterior faaal height (S - Go) 9023 9580 8792 97.52 8733 9051 95.82 8784 97.44 8728 9030 9549 88,05 97.50 87.36

Mandibular Might (Co-Go) 59.34 57.78 5685 61.52 57.07 59.26 5776 5686 6 1 43 57.61 59.18 57.75 5685 61.47 5763

Interindsaldisance{Ul-Ll) 2.52 294 3.99 384 8.92 278 2.83 360 402 1022 259 2,96 3.93 3.94 9.69

Fadal plane angle 4. ' 87 88 94.80 9303 8859 8782 8800 9645 93.00 8908 88.83 89.84 9513 93.10 8859 8863

§ Angle of convexity 1 33 7.01 1253 707 823 1.36 668 12.62 687 8.40 1.90 7.44 12.12 8.67 8776

 A B plane to Na-Pogolion .101 -2.57 -7.08 -604 -778 0.59 .271 -7.45 .5.96 -7.85 -112 -3.52 -7.11 -561 8.17

Intermcisalande 139.14 13775 14248 14743 15566 14026 13862 13885 146.14 164.58 13979 135.72 13894 14544 157.94

E Upper incisor to Nasion/A point 1909 1231 1311 788 1,00 1999 10.66 1360 11.24 302 19.73 12.12 15.35 1081 1.91

Lower incisor to Nasion/B pont 21,09 2666 1891 20.92 18.65 1923 27.74 2185 18.91 766 19.83 2851 20.27 20 2 15,21

v Mandibular Plme Angle (FMA) 2050 19.75 23.94 16.84 21 66 2049 1830 2389 1632 2078 18.63 19+62 2367 16.67 2081

 lower Incisor to Mdibular PIane (IMPA) 92.76 91.41 8121 95.98 89.66 90.61 9223 84.35 93.84 78.52 9109 93.18 5290 9521 8626

Fratdon Holizontal to Manditular Indsor (FMIA) 66.75 68.84 ?486 6738 68.68 6891 69.47 7176 69.84 8071 7028 87.20 73.43 68.12 7294

SNA 78.93 8366 88.10 7733 7854 79.13 83.70 86.10 7723 7859 7924 84.02 85.66 77.18 7865

SNB 7824 80.38 8059 7356 7385 78.61 8072 80,41 7352 73.85 7839 80.37 8022 7365 73.71

 ANS 0,68 328 550 371 469 052 298 569 3.72 474 0.85 365 5.44 3.53 494

Upper Incisorto Frankfort Horizontal 107.61 111.09 11238 9995 9302 108.65 11085 112.90 10370 96.13 11049 111.48 114.49 10268 95.00

Frinktort Hoozontal tu Nasior·VA-pomt 8852 98.78 9927 92.07 92.02 8866 100,18 9930 92.46 93.11 90.76 9935 99.14 91.87 93 09

Amular
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Table 8.--Raw Data of 3DCeph Measurements (cont.).
Measuremen14 Measurement 5 Measuremer,1 6

Shin A Skull B Skull C Skull D Ska E Skull A Skull B Skulle Skull D Skdl E Skull A Skull B Skull C Slalll D Skull E

Biporionic width (Po -Po} 11734 131.77 12561 12242 11179 11715 131 75 125.67 12281 112.10 11730 131.89 12556 122n 112.34

Biorbital width (Or-0>1 7271 85.05 72.11 74.35 78.45 7257 8387 7237 74.30 7865 7275 8610 72.14 7419 78.60

> Bicondylar width (Co -Co) 111.31 12934 12986 12238 115.72 11128 12911 12942 122.46 115.78 111.63 12925 129.98 122.52 115.78E

2 Bicomneidalwid#,(C-C) 94.42 105.07 9961 9543 9321 9570 106.38 9942 9646 92.80 9521 102.67 9991 98.43 9297

Bgontal width (Go-Go) 92.18 10795 9704 9561 8831 9179 107.71 9695 9579 88.20 91.94 10789 9695 95.71 8823

Palatal width RUB- 06) 53.47 5563 5138 5024 5174 5354 53.84 51 32 49.28 52.30 53.53 5528 5122 49.75 5056

Anteriorianial base(S -N) 69.95 7379 66.50 67 52 71 53 to 03 7424 6640 6771 7143 70.12 74.36 66.55 67.67 71.53

  Maxillary length (ANS - PNS) 50.41 57.73 48.72 5327 5711 50.32 57.98 48.84 53,24 57.05 50.44 57.80 48.67 53.30 5705

 If Mandibulartength(Co -·Pg) 118.80 13428 124.18 122.74 12382 11888 134.50 12414 12278 124.04 11891 134.15 12425 122.71 12411

Mlandibular¢o,puslenglh (Go - Pg) 86.91 100.51 8767 85.97 8648 8683 10048 87.79 85.91 86,38 86.92 10043 87.72 8593 86.43

Upper fac:,al heighl (N - ANS) 5405 47.29 53.86 56.42 52.87 53.93 4713 5380 56.32 5297 54.24 47,12 53.98 6630 52.82

Lowir facial height (ANS -Me) 6135 79.91 64.74 6644 66.95 61.15 79.88 6467 66.53 66.83 6091 7993 64.62 66.41 6690

 Antenorfacialhei01:(N-Me) 114.75 125.58 11683 121.73 11838 11445 12544 116.65 121.70 11838 114 53 12546 116 Bl 12155 118.33

> Postedortac:,al height(S-Go) 90.46 95.63 8801 9/46 8737 9022 95.77 8802 97.50 8745 9039 9566 8798 97.50 8732

Mandibular height (Co-Go) 59.18 57.83 5689 61.47 57.41 5923 57.94 56,82 61 47 5763 5926 57,64 56.93 61.46 57.65

Int*indsal distance (Ul - Ll) 2.24 273 3.85 384 1007 241 1.99 375 399 9.34 2.54 285 3.90 4.13 10.21

Faaal plane angle 88.48 96.01 9301 8892 8865 88.70 94.19 92.97 8847 87.90 8826 9511 93.00 8886 8920

 Angle 01 convexity 0.88 737 12.49 6.79 8.28 130 6.96 1248 692 8.38 1.73 722 1231 6.98 816

 A-B plane to Na·Pogonion 0.80 -275 -7.09 .5.87 .785 -088 -291 7.34 -5.74 -7.91 -165 -3.00 -7.18 -580 -7.59

Interincisalangle 136.91 139.18 13931 145.22 156.29 136.80 13058 138.66 144.85 15341 13731 135.59 140.16 14631 161.37

 Upperincisorto Nasion/Apoint 19.71 11.37 14.36 10.50 6.15 20.51 12.16 14.33 11.62 4 A7 20.87 13.03 13.89 10.75 253

M Lower incisor 10 Nasion/Bpoint 2286 2620 2082 20.63 12.83 22.06 34.03 21.40 19.90 17 36 20.79 2803 2042 19.27 1149

p Mandibula, Plwie Angle FMA) 20.19 1864 2367 16.29 2091 1979 2050 23.70 1680 21,52 2016 1961 2377 1632 20.23

 Lower Incisor to Mandibular plane (IMPA) 94.27 9062 8342 9573 83.18 9357 9862 84.12 9485 8843 9257 9256 83.03 94.33 8250

Fra·*folt Hon'zontal to Mandibular Incisor (FMIA) 85.54 7073 7291 67.98 7531 6564 6088 72.19 8835 70.05 6727 6783 73.20 69.35 77.28

SNA 78.83 8357 8585 77.14 7862 7904 8381 86,02 77,23 78.60 79.26 8383 85.87 77.31 7846

SNB 7832 80.33 8035 7348 7388 7841 8057 8042 7361 7385 7823 80.48 80.34 73.64 7385

@ ANB 0.51 325 5.51 3% 473 063 3,23 5.61 362 4.76 103 3.34 5.53 3.67 4.61

Upper Incisor to Frankfort Honzontal 10862 111.58 11360 102.76 9902 10984 110.30 11353 10349 96.64 10997 112.24 11304 103.04 95.90

Frenkfoll Holizontal to Nasion/A Winl 88,91 100.19 9924 92.26 9287 89.33 9814 99.20 91 87 9217 89.10 9921 99.15 92.29 9337
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Table 9.--Raw Data of CBCT(12) Measurements.

Measurement 1 Measurement 2 Measurement 3

Sku[IA Skull B Skull C Skull D SkuUE Skdl A Skull B Skull C Skull D Skal E Skull A Slu,11 B Skull C Skull D Skull E

Bipolionicwidth (Po-Po) 114.253 129008 121.855 118799 108.991 114253 129,014 121 855 118799 108614 115.000 129005 122218 119.180 109005

Biorbital width (Or- 01 75.126 80.355 73647 75.826 79583 74732 80.348 73602 75834 79.593 74.732 79 978 73251 75815 79594

> Bicondylarwidth (Co-Co) 108.600 126683 126.270 119604 112769 109374 127065 128 660 119596 112.383 108.986 127.065 126270 119590 112750

E Bicoronoidalwidth (C-C) 90144 103693 98.941 95848 92028 90528 104064 98931 95.833 92035 90.521 103686 98.941 95848 92044

Bigonial width (Go -Go) 90873 106726 95.082 94.314 86812 90500 106.740 95082 93.949 86453 90.892 107106 95.082 94324 86830

Palatal width (06 -US) 54.347 55 121 52126 51.344 52890 53956 55.397 52126 50.958 52.890 53.594 55514 52115 50930 52916

Anterip cranid tase (S- N) 69.234 72898 05849 66645 70404 68503 72.545 65252 66287 70.766 68.962 72545 65491 66300 69936

h 3
Maxillary length (ANS - PNS) 49801 57.424 47696 52.520 56.255 49801 57424 47696 52862 58829 49801 57.058 47696 52902 56.255

J w Mandibularlenglh{Co-Po) 117682 133.608 122588 121203 122.885 117,504 133784 122 812 121493 122434 117648 132.623 122586 121356 122.761

Mandibular corpus lenglh (Go - Pg) 85.800 99 634 86.216 84.743 85369 85743 99770 86.218 84993 85.018 85.842 97.861 86216 85.324 85326

Upp€r lacial height (N - ANS) 53505 45.619 53086 53,622 50.503 53.546 45732 53,184 53.685 50.503 53505 45732 53086 53231 50549

Lower facial hei*t (ANS - Me) 83504 82.208 66.597 7C 512 70288 63,130 82.585 66566 70.548 70.288 63.504 82208 66597 70.193 69.738

 Antelior facial heit (N- Mel 116.178 126.377 117.929 123052 119628 115791 126.791 117.982 123052 119628 116.176 126458 117929 122.313 119.512

> Posterior facial height (S - Go) 89043 95.015 86836 95019 86.116 88,798 95.161 86496 94.781 85842 88573 95318 85.810 94745 86.607

Mandibular height (Co -Go) $.386 56699 55.979 60035 55604 57918 57,052 56067 60049 56.389 58.045 57194 55979 59423 56754

Intorindsal distance (Ul -11) 3.132 3713 3.596 3.393 9.575 3455 3881 3.954 3577 9.641 3.063 3.596 4095 3.496 9.523

Facid planeale 85932 95.754 90514 86.483 87.030 85.977 98015 90703 88.511 86838 85932 95.268 90.367 86405 87342

c Ngli of convexit)y 3082 7254 12736 8.048 8185 3461 7.685 13109 7.687 8548 3.078 8844 12.736 6.461 7822

' A,8 plane to Na-Pogonion 2528 -3A17 .7349 -5.608 -7.339 -2.702 -3.385 -7539 .5.791 -7.737 -2.528 -2.286 -7.349 .5020 -6.938

Irderincisal ande 133.807 141246 143.130 143890 103.496 133.799 140.301 140704 143890 163496 133.807 144009 140.130 147894 161.565

2 Upperincisorto Nasio,VApoint 16.538 9570 9,065 10.828 3814 18579 10085 11.119 10828 3814 16.551 7.121 11491 6.724 3814

Lowerincisor to NasionBpoit 27981 25302 22000 21.289 15806 25.789 25625 22.221 21289 15573 27980 25.145 22574 21940 17.969

 v Mandibula,PlaneA,gle(FMA) 23083 19.615 26889 20.877 23601 23.087 19625 26.777 21164 23750 23228 19A17 27036 20.822 22194

f % Lower Imsor to Mandibular Plane (IMPA) 99 131 89.497 83964 93881 85500 96.883 89.403 84076 93728 85357 98986 88958 84.537 94874 88.713

Franklin Horizontal to Mandibular Incisor (FMIA) 57.786 70888 69.147 65242 70.899 60.050 70.971 69147 65.108 70894 57.786 71625 68420 64304 69093

SNA 77.709 83338 84.717 78300 77321 77933 83.664 84 570 76198 77.407 77.316 83555 84615 75.698 77529

SNB 76.034 79456 78912 72307 72808 76100 79.674 78613 72205 72.682 75653 79.828 78809 72256 73249

2 ANB 1674 3.882 5805 3.993 4.513 1.833 3.990 5957 3.993 4746 1663 3728 5.805 3442 4280

Upper Inoisorto Franktort Horizorial 103.979 109642 100.017 101352 87.404 106251 110.671 108443 101.217 87.398 103.979 107617 108296 96.410 87 528

Frmktolt Holizontal to Nasion/AL#int 87.441 100.on 96952 90523 91218 87.672 100586 97.325 90389 91.212 87428 100.496 96.805 89686 91.342
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Table 9.--Raw Data of CBCT(12) Measurements (cont.).
Measwemelit4 Measurement 5 Measurement 6

Skull A Skull B Skua C Skull D Skuu E Skull A Skull 8 Skulle Skull D Skull E Skull A Skul!8 Skull C Slain O Skull E

Biporionic widlh (Po - Po) 114.253 129024 122232 118799 109001 114254 128.819 121.870 119176 109,005 114630 129.006 121465 119185 108.814

: Biorbital width (0.-Or} 75115 80.000 73641 7580/ 79583 73.979 80753 73.620 75834 79583 74601 80.000 73.620 75421 79.583

 13icondylar width (Co-Co) 108.995 127.065 126639 119.578 112 760 108600 127074 126.639 119967 112,760 108620 127.Om 126.270 '119.979 112.760

2 Bicoronoidalwidth (C- C) 90.144 103693 98961 95.848 92044 90521 103681 98.961 95848 92412 90521 103.318 98941 95848 92035

Bigonial width (Go-Go) 90.128 106357 95.065 94.314 86438 90581 106.734 95.068 94604 86.812 90865 107.111 95082 94324 86812

Palatalw,dth (U6 -US) 53.956 55.904 52.105 50952 52,890 54.364 55.528 51 352 50952 53.164 54.347 55533 52126 50930 53267

Antenorcranial base (S -N) 68411 72.539 65133 66414 69.936 89.234 72412 65133 68.645 70.556 69234 72545 65.491 66287 70043

  lutaxillarv length (ANS - PNS) 49801 57.058 47.696 52538 55.880 49801 57.703 47724 52902 55.881 49.821 57424 47.671 52912 55881

J 0 Mandibular lenglh (Co - Pg) 118.001 132367 122804 121247 122.294 117682 133A70 122804 121213 122.527 117087 133462 122.688 121.402 122.763

Mandibularco,pus length (Go- Pg) 88.305 97.672 86404 84 810 84 874 84.671 99377 88.362 85.135 85062 85915 99221 86216 84882 85.389

Uppertacial height (N - ANS) 53.172 45.619 53.184 532 16 50.550 53.505 45.375 53.184 53622 50.128 53522 45732 53088 53.671 50503

Loworfacial height (ANS -Me) 63.504 82585 66630 70.495 70288 63504 82208 66.590 70621 70285 63553 82.594 66.635 70565 70.285

 Antenorlaclal heitt(N - Me) 115.791 126791 117929 122686 119610 118178 126.042 117960 123 073 119.249 116185 126850 117.914 123052 119626

> Posterior fadal height (S - Go) 88876 95.217 86635 95.365 86 342 88775 95.340 86.794 94.949 86428 88886 95.443 86.810 95031 86132

Mandibular.height (Co - Go) 58095 57.347 56.029 59990 56815 58296 57.071 56207 59633 58.574 57819 56967 55979 60.237 56574

Intedncisal distailie{Ul -Ll) 3.393 3596 4008 3577 9641 3.330 3 713 4095 3063 9523 3496 3596 3954 2821 9.523

Facid plane angle 86183 94.912 90673 86.011 87.023 85.796 95847 90703 88.328 86972 85.797 95737 90.514 80.793 87030

5 Angle 01 convexity 3075 8857 13.109 7684 8.958 3,082 7.760 13109 7.320 8.573 3.090 7254 12 736 7.687 8185
b

¤ A-B plme to N a Pogordon -2.895 -2 An -7.539 -5.054 -7923 -2508 -3.218 -7.539 ·5608 -7150 -2510 -2978 -7.349 -6365 -7,339

Interincisalan#e 131.455 140935 110.704 143.578 160907 132951 139.916 141.733 140517 161,565 131 655 143.715 141733 146497 161.565

 Upperincisorto Nasion/Al>oint 20.908 10512 11119 10535 4194 17.394 10993 10,089 11.196 3840 17.394 8321 10.482 5878 3 814

 Low£,indsor to Nasion/13·poid 25.790 24.669 22221 22194 18395 27980 25145 22221 24445 17733 29276 24301 22.000 23416 17736

„ Mandibular Pline Angle (FMA) 23.123 19475 27 121 21148 23607 23711 19534 28.810 21 258 23470 23413 19595 27.002 20777 23601

 Lower lncisor to Mandibular Piane (IMPA) 96815 88.900 83761 94828 88089 98.639 89.089 84043 97007 87.430 100233 88315 83851 96.178 87.430

Frankfon Hohzon,al 10 Mandibular Inasor (FMIA) 80062 71.625 69.117 64027 6B 304 57650 71.376 69147 61 735 69.099 56354 72090 69147 63.045 68.969

SNA 78.254 83235 84.884 76576 77909 77709 84.054 84.884 75932 78020 77709 83233 84.615 70198 77.233

SNB 76408 79.352 78928 72883 73016 76.034 80108 78928 72090 73479 78034 79570 78809 71.989 72720

£ ANB 1.846 3.883 5.957 3693 4,893 1675 3.946 5957 3842 4.541 1.675 3663 5.805 4209 4.513

Upper Incisor to Fra nktort 1 lorizontal 108.607 110.690 108413 100.449 87397 104.698 111460 107.414 101 217 87.534 104.698 108 375 107414 98.548 87404

Franktort Honzonta! to Nasion/A-point 87699 100.178 97.295 89914 91 592 87305 100.467 97.325 90022 91.374 87305 100054 96.962 90670 91218
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Table 10.--Raw Data of CBCT(9) Measurements.

Measmement 1 Measurement 2 Measurement 3

Skull A Skull B Skue C Skull D Skull E Skull A Skull B Skull C SkuUD Skull E Skull A Skull B Skull C Skun D Skull E

Bipoliouc width(Po-Po) 114521 132859 122139 118817 109577 114 836 130.323 121871 119.631 108923 115118 130507 122.481 119245 109.257

Biptitalwidth (Or - 00 74.830 80.043 73638 75.986 79.772 74.826 80043 73636 75986 79.772 74.B43 80.051 73636 75.684 79772

I Bicond¥!alwidth (Co- Co) 108956 130.643 127055 119,238 113.636 109 829 127749 126.842 120543 112.709 109.828 128.903 127162 119.876 113034
E
2 Biceron©idatwidth(C-C) 90259 103.405 99083 95867 92.053 90.270 103405 99074 95867 92053 90278 103.705 98782 95867 92.053

Bigonial width (Go-Go) 90551 109 316 95 555 93939 86869 90.551 107190 95579 95262 87158 90249 107.953 95614 94.733 86.565

Palatal mdth(UB-Um 53.787 54.660 51727 51 745 52.648 54.078 54.952 51.721 51453 52.940 54078 54.962 51 712 51.453 52940

Anteliorcranial base(S -N) 69280 72.877 65563 66.029 70281 69.025 73.172 65.381 66222 70.271 69186 73120 65.471 66.307 70281

  luaxillary length (ANS - PNS) 49977 57.512 47757 52.749 56.248 49.977 57512 47.488 52788 56.538 49685 57512 48048 53.045 58501

-' w Mandibularling#(Co-Pu) - - - -

Mandibular corpus length (Go - Pg) 85.668 100.800 87.130 85123 85.633 85.668 100.045 86803 85.501 85624 85741 100480 80.610 85.320 85.523

Upper facial height 01 -ANS) 53.463 45677 53.308 53712 50.307 53612 45607 52669 53.374 50344 53358 45607 52.745 53.672 50344

Lower facial he,9,t (ANS -Me) 63.349 82265 66522 70.662 70379 63.641 82265 66.813 70951 70.425 63600 82.265 67103 70.662 70425

 Antelior laclal heitt (N- Me) 115.931 126429 118.016 123079 119533 116381 126417 117.705 123.074 119531 116127 128.417 118016 123086 119533

S Postenm facial height (S - Go) 88931 95403 87407 95201 86543 88940 94935 87351 95.048 86481 88.n5 95.240 86468 95185 86590

Mandibularheight (Co - Go) 58972 56809 57.063 60043 56.760 59 207 56.557 56594 59.705 57859 58675 58.560 56.181 60340 57.026

Interindsal distance{Ul -Ll) 3131 3.265 4292 3.380 9949 3265 3467 4.341 3564 9.949 3131 3.199 4380 3.291 9824

Fadd plane angle -

E A,gleolconvmway 2671 7.566 12527 8.201 8375 2.681 7217 12.880 7098 7.799 3363 7055 12883 7.096 7799

A-8 ime to Na Poipnion -2.103 3394 -7597 -5606 -8,050 -2084 3.270 -7502 5.574 -7.662 -2.532 3785 -7468 -5574 -7.600

Interinisal angle 128.585 140202 142.350 144263 160640 131269 141.311 143249 144.263 162L178 125.976 139527 140,732 145 379 162072

 Upper incisor to Nasion/A poir* 20A24 10132 11.670 8.736 2717 20404 11143 11.603 9281 Z421 22645 11.081 12468 7.400 3853

U Lower incisor to Nasion/B·poir* 29584 25766 20.150 23006 17207 26.904 23810 19273 22670 15687 29032 25,404 20.924 23436 17.207

v Mandibularfli le Arvie(FMA) _ _

3 Lower Incisor to Mar*libula,Plane (IMPA) 100702 89525 82708 95.151 87095 97794 87883 81,421 94379 85403 100404 89.690 82096 95650 87.205

Fraifoit Holizontal to Mandibular Incisor(FMIA) 56819 70908 71.173 63.912 69 A45 59.859 72357 71.985 64150 71.305 56764 70409 70084 63450 69.538

SNA 77 636 83.813 84670 76800 77.974 77.471 83239 85223 76573 77879 78093 83347 84.980 76333 77679

SNB 7G 229 79.713 78840 72806 73.105 78048 79503 79348 72788 73103 76.345 79359 79104 72548 73105·E

 ANB 1407 3901 5830 3994 4870 1.423 3736 5.876 3785 4576 1.748 3988 5.876 3785 4574

Upper Inc$sorto Frankfort Horizo,*d 108234 110706 108.823 99.649 88,805 108590 111.046 108736 99887 89.126 110.788 110.882 109952 98072 87466

Franklort Holizontal to Nation/A-point 87810 100574 97154 90.913 91.522 88.186 99903 97134 90606 91 548 88144 99801 97,484 90672 81 319
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Table 10.--Raw Data of CBCT(9) Measurements (cont.).

Measurement 4 Measurement 5 Measurement 6

Skull A SkuE B Skull C Skull D Skull E SladIA Skull B Skull C Sku[10 Skull E Skull A Skull B Skull C Slul D Skull E

Opolionic width(Po -Po) 115.100 129132 122823 118950 110461 114.510 130.785 122178 118.207 109.496 114550 131237 122.216 119.958 109.817

Blorbitalwidth (Or- 0,) 74.818 80043 73.636 75976 79,772 74835 80.043 73636 76.268 79.772 74.818 79759 73.630 76.268 79.480

2 Bicondylarwidth(Co-Co) 109.515 127384 127.462 119856 114.269 108.957 128.603 127.062 119.103 113619 108973 129399 127149 120.562 113362

2 13,¢01*noidalwidth(C-C) 90.270 103705 98.785 95867 92.053 90562 103.697 98782 95855 92.069 90270 103705 99368 95.867 92.345

Bigonial width (Go - Go) 90.551 107174 96082 95014 87.181 90551 108.438 95284 94165 87.158 90551 108636 95603 95.582 87158

Palatal width{U6 -UG) 54.078 55264 51.734 51453 52648 54078 54.952 51 727 51453 52648 54078 54 695 51 721 51.442 52940

*tehor 0/,Wi base {S - N) 68.966 73176 65381 65.940 70281 69072 72,918 65.583 66218 70.281 69258 73218 65194 65.944 70001

  Maxillary length (ANS - PNS) 49.885 57512 47757 53085 56538 49977 57 512 47.769 53077 58.211 49679 57583 47 779 52.788 56538

 0 Mandibular length (Co - Po) --

Manditular corpus length (Go - Pg) 85.688 99.973 87.166 85510 85.710 85688 100.838 86860 85130 85.624 85910 100502 86 797 85.871 85.024

Upper facial height (141 - ANS) 53820 45890 52745 53.423 50344 53892 45677 53.027 53A 14 50.344 53492 45607 52824 53.374 50.382

Lower facial hei*t (ANS - Me) 63.600 81.954 66813 70.962 70137 63.351 82265 66.813 70.951 70425 83.310 82246 66.813 70.619 70425

. Alle,ior lacid hei01 94 - Me) 118314 126.429 117 725 122787 119.241 116378 126.429 118016 123067 119533 116.026 126.429 117.747 122.775 119521

> Postenorraciall·Ight(S-Go) 88.940 95671 86780 95042 86613 88940 95060 88.688 95294 86481 88951 95.068 86551 95734 86481

Mindibularheight{Co- Go) 58.619 57.377 55244 59332 57777 59214 56.670 50005 59.637 56927 58.039 56671 56.231 59420 57423

Interindsal distance (Ul -Ll) 3380 3.199 4341 3.355 9.949 3.318 3.407 4341 2978 10005 3.455 3576 4428 3.158 9777

Facial planeangle -

 Angle of convexity 3.331 7291 12883 7.380 7799 2887 7393 12816 8217 7.799 2414 7.291 13172 7387 8.094

 A B 0/ne to Na·Pogonion -2.517 ·3287 -7468 5.715 -7.652 -2.105 -3.566 -7445 4.014 -7.150 .1949 -3646 -7.614 -5713 -7745

Interinasal ane 130359 140,202 143.915 146255 160,640 130359 141.986 143 249 145379 160.640 129.391 141986 142725 146.144 162072

 Upper inoisor to Nasion/A poil* 20.061 10406 11.603 5.208 2421 20.403 10068 11.670 6855 2421 20676 10.406 12180 7.·115 4.149

 Lowerincisor to Nasion/13-poid 27.641 25594 18607 24.635 17205 27824 23982 19.229 23604 17387 28627 23620 19,102 22838 17387

  Mandiklar Hane Angle (FMA) _ -
f .* Lowerlncisorto Mandibula,Plane(IMPA} 98703 90.228 80.137 96 A88 87.316 98927 87841 81 136 95.716 86942 99.971 87451 80511 95.272 86942

Fri/*fort Holizonlal 10 Mandi!*Ilar Inasor (FMIA) 58341 70.747 72.233 62 112 70.451 59024 72.439 71862 62972 69.914 56888 72.846 72712 63.301 70.363

SNA 77852 83402 85223 76781 77.679 77 725 83.450 84.670 77 119 77.879 77293 83.624 85189 76781 77.908

SNB 76.113 79664 79,348 72879 73103 75811 79486 78818 72956 73285 75987 79.636 79.196 72879 73218

f ANB 1739 3.798 5.876 3902 4576 i 414 3.964 5852 4.162 4394 1.306 3.988 5992 3.902 4.689

Upper Incisor to FrankforI Hotorid 107982 110.545 108.318 95857 89811 108664 110452 108.613 97594 89,274 107497 110859 109.987 97157 88291

Franktoit Honzontalto Nasion/A-point 87.920 100139 96 715 90.648 92232 88.261 100384 96.943 90.739 91 696 86821 100453 97807 90.042 92440
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Table 11.--Raw Data of CBCT(6) Measurements.

Measurement 1 Measurement 2 Measurement 3

Ski,0 A Skull B Skull C Skull D SkuDE Skull A Skull 6 Skull C Shll D SktdIE Skull A SkuUB Skull C Sla,9 D Skull E

Bipolionicwidlh (Po -Po) - -

Bicrbitalwidth (Or-Or} 74732 80.096 73111 75,796 79.974 75.307 80007 73.027 75.889 79940 75027 80008 73597 75590 79148

m ENcondylarwidth(Co-Co) - -
E Bicoronoidalwidth(C-C) 90454 103.951 100183 95282 90.266 91.334 102441 97466 95.661 91 788 90.974 102562 99.148 93950 90082

ENgoruatwidth (Go-Go)

Palatal width (1;6-UQ 53.869 55137 52033 51679 52915 53669 55137 52.033 51 679 53110 53869 55.137 52028 51679 53.103

Antelior clal,* base (S - N) 69002 72.354 65441 66882 71.437 69094 72.729 65495 68.718 70.597 69093 72.806 65424 66.784 70617

S Maxillary lengll, {ANIS -PNS) 49849 57.019 47.904 52625 56.073 49850 57.619 47915 52873 58.492 49.849 57.619 47902 52.668 56519

0 Mandibular ler·h (Co -Po) - -

Mandibular co,pus lenglh (Go-Pg) 86.259 100.221 86937 85.550 83.850 85850 99679 86217 85.781 84847 88.260 100.080 86725 85.014 84867

Upperlacial height{N - ANS) 53.498 45448 52.743 53.961 50.404 53561 45.489 52658 53596 50.057 53,449 45390 52908 53.672 49.565

Lower facial height (ANS - Me) 03.783 82A82 66523 70.199 70A6G 63783 82313 66,501 70399 70530 63.783 8251t 66899 70414 70333

 Anteriortacialheit(N-Me)
> Posterior facial height (S - Go) 89634 94.195 87146 95720 87.811 89008 94992 86503 95476 87366 89370 94299 86.695 95313 86992

Mandibular height (Co-Go) 58.254 55903 56,364 60427 58396 57656 57115 55.694 60131 57.933 58105 58.057 55875 59886 57331

Inte;ndsaidistance (Ul - Ll) 3A93 3.382 4055 3A83 9.918 3.544 3280 4,243 3805 10356 3.493 3187 4.010 3.611 10002

Facial plane angle

E Angle *con=,ty - -
0

1 A-8 Flene to Na·Pogonion _ -

Interindsalan* 131017 139312 141039 144.011 162.639 131.017 138.951 141158 143.143 162.741 131.017 138.951 139.795 142 706 162.383

; Upperincisorto Nasio,/Apoint 19,380 9876 11375 11.078 2.466 19.599 10.529 12619 10.456 1.910 19.391 10.683 12905 10,906 1.584

US Lower incisor to Nasion/B-point 27,771 26922 21730 21420 15.405 27644 26.780 20361 22828 14.447 27.646 20.698 21 458 22814 14.692

„ Mandibular Ame Angle (FMA) - - -- -
3 Lower Incisorto Mandibular Plane (IMPA) - _

Frankfort Holizontal o Mandibular Indsor(FMIA) -

SNA 78.599 84386 85213 75.383 76142 78218 83794 85057 75849 77119 78425 B4174 84.928 75.674 77434

SNB --
ANB - -

Upper Incisor to Franktort Horizontal -

Franklort Horizontal to Nasion/A.point - -

Angular

Une,

EL



Table 11.--Raw Data of CBCT(6) Measurements (cont.).

Measurement 4 Measurement 5 Mewurement 6

Skull A Skull B Skull C Skull D Skull E SkdIA Skull B Skull C Skull D Sku[1 E Skull A Skull B Skull C Skil D Skull E

Bil*)rio,nc width (Po -Pol - -

Borbitalwidth(Or- 00 75307 79.809 73 119 76.203 79.678 75022 80.014 73.356 75990 79.177 75 720 79815 72.832 75.684 80.187

> B,condylarwid#,(Co-Co) -

2 Bicoronoidalwidth (C C) 91.329 101797 98865 98977 90588 90.984 102648 98499 97.739 92783 90.789 101.462 98075 98532 91.368

Bigonial width(Go-Go) - - -

Palatalwidth(Ue -Ue 53669 55137 52028 51480 53115 53869 55137 52028 51.475 53110 53.869 55137 52028 51675 53098

Antelior clanial base(S -N) 69226 72.584 65.494 66608 70.638 69.170 72.024 65411 68.900 70647 69.181 72.603 65463 66477 70.630

M .2 Maxillary lenglh (ANS - PNS) 49842 57.619 47909 52815 56492 49842 57606 47909 52820 56470 49.842 57.606 47909 52673 56.522

1 0 Ivandibular length (Co - Pg) . - -
I

Mandibul=co,pus leng:h (Go- Pg) 86226 98.955 80.853 87.548 84750 86.079 99.453 88.508 86999 85.585 86148 99084 86.601 86.739 85344

Upper laclat hei (14 - ANS) 54.200 45.652 52772 54.654 49.901 54.301 45597 53.059 54 290 50.482 53881 45405 52.928 53.797 51 033

Lower facial heigf (ANS - Me) 63.783 82A82 66918 70,215 70.333 63783 82.277 60.914 70207 70530 83.783 82.475 66918 70.399 70.135

 Antenortacial hei®t (N -Me) _ __

> Postinor tadal height (S - Go) 89.292 94.862 86819 95.745 86254 89403 94.731 86.750 96332 88.883 89364 95066 88154 95950 85600

Mandibularheight (Co-Go) 57702 57.104 56.054 60477 56429 57 946 56940 55845 61 211 57202 58.081 57357 55230 60863 55.503

Intedndsaldistancs(Ul -Ll) 3.406 3280 4200 3.464 10002 3493 3.280 4055 3382 10.002 3493 3280 3965 3650 10094

Facial plane ande - -

 Angle of convexity w - -

A-B plimeto Na Pogorion - -

Interindsalande 131634 137.771 140893 142275 163370 131.017 139337 139795 145,297 162383 131.017 138.132 140080 143143 163,387

I Upper incisfor to Nasion/Apoirt 19820 10306 12848 10624 2618 19.600 8.788 12704 9.815 1.488 19814 9.945 12.657 9894 2738

m Lower inoisor to Nasion/B point 26907 28076 20502 23438 14726 27.653 28.168 21.700 21409 14.544 27521 28066 21434 23154 14.721

= Mandibula,Pline Angle(FMA)

& Lower incisorto Mandibular PIane (IMPA) - - - -

Friafoe Honzontal to Mandibular Incisor(FMIA) -

SNA 77781 83.535 85.149 75858 77749 77.944 8370@ 84857 75437 77.249 77955 83557 85.181 76.317 77.188

SNB

18 - -

Upperlncisorto Frnnkdort Horzorti - -

Frankfort Honzontal to Nasion/A-point _

EL



Cranio Reliability

MeasurementlD = 1, Measurement = Blporion Ic width (Po - Po)

&/71*.. Col*lon Co,flic»af

Inlach/ 95%03,rd,ricelnknial FTesIMATIeValuen

*ue dfl 1 0 S.
6*9*'llums eel 994 1000 3365976

AIrageMeas,we 1 1,000 %
1.0 3365 976 41 20 000

Ily.•a¥ landcrn dilb mcdelwhele Mth reoll *:bond meesureBekts are:landom.

a TypeCticia=creationcomlfunts uitgaconsheencydembr,dhetet=Mneasurevamnceise:,chded flintedencrninetiverne
b Tteestlma= Isthesalne whetherlhe inS.mettl att & Blentcr not

MeasuremenUD = 2, Measurement = Blorbital width (Or - Or)

/#ClaSCom,00® Co@flic-f

/ntal"ss I 96% kelyllnbval P™t#& Tmevalulo

011•olat=' | Lc-r eound Wite dfl dO Sig
S*gh...sues

599 1.000 2839.110

IM//Ay Mik,ne™c :modelwhefe ball, peop,Me-:Lic™j n,asurele.f#acs e,erenliorn

a Thmentld/=c=plationcoelientituae€,sheliderbilon·tfkeh/ellmmzvarencllsel).ded#omlfelkmllkywarance
* 11.ast#I#*e....f-herlhe in#.1,/ *.t I pres.tor not

c MeasummenUD= VMeasuRIent= BIc,tilld#(Or- 04

MeasurementiD = 5, Measurement = Bigon ial width (Go - Go)

1•taclass Co,re=Jol coofficile

Int,class Flhst.WATrueVIhieD

Lowereound /2 ge
1 61* -sull I 697  1.Om 1 687.678 4 20 .000
1 Ave.gl-lue' 1 1000 999 | 1.000 1 67678 , 20 000

Twlvey enjornerl,ch madelwhee both peopll efect, inld weasueletectsare,andarn.
8 T,pe C Intracia' cor,a.tun c eflk:enb using / cans#//y doinklltic: beblrwneasum Irl//5 0 eeluded  f um 11/ der,amInatrvem nce.
b Theellimak.fisthelame. whettiertleheractuncrectisplasentarnal

Measurement]D = 6, Measurement = Palatal width (U6. U6)
ht//Al* CorreWion Co/mcil-

in,eck.. 1 95.Con.....In/-1 Plcst¥.10,Tru,Vak 0

Upir acll. Vabe d« /12 SK,

*ge-surcs I 971 .920 987 245953 4 1 20 000
Allge Mees 1 96 1 .986 1000 246%3 4 20 M

rwo.glymndom efreas mjel wl,le toth peceleeflects enc measue: ellectlaremndcm

e. Tyce C Int.eclassE:¤nchtoncceflentlusllge ccrahboyde:!inli-lheb-een-meamue Ilia™l bczcluded  f cm Ihedenomlnelorvemnce
b. The esellbids tesarnm, wheherthe Mlactbnefect ispesent ornaL
c Meas..rn,3./0 -6. I0/,sulement=PI'llwi,lth#G- ue

P</1 pages

MeasurementlD = 3, Measurement = Bicondylar width (Co . Co)

IYIBLECo/Ilate Coof/d,»f

96% Conmence 1//bet f Tmtwm Tle Olue 0

(»clationi trwer fourid

..lue I mi |
*2 Slq

S#el•easuls 1 0 S:f :1 20 0,0AFregeIikes,Ires 1000 1.000 3170&787 20 008

599 1.000 31708787

F,//1/¥ /182/ 44//b rn©de/whele tdh,leoub 0*:ts end measures®kclarcia.jom.

a. TNe C Atmal= ccrelall ct/rivn# ugl coleely larlihjn.Ve te&/3-n·lenewrance il echded lon lie cent,nin,lrverilne
& Thee#nnek.r Istbes,ne. wt./. eink:r,clbn eflect 11 .Selitc lt.

c Ne8sulementID.2.-su.ment=Siconclybrwell(00-c»)

Measurement[D = 4, Measurement = Blcoronoidal width (C . C)

95*Connjenca las,al FTest MB Tle Value 0

Cnrelation' 1 L.»,er &'und Vake dll de S#
Si,glNe,suls 191 = 1 1 = 2445232 4 | 20 .Mo

1 Zoo 2445252 4 1 20 .000

a Type C htgaclamcclriNaticorcilic,ents uslg e consalnc, deim,ton·the tller.meesure valen€e ise.ihmd lic,n lhedenominak,rmance
0. *..timatr & the .me. whettler the Inbaston efect t plesent al noL

c. Measulerneollo = 4 Meas,Jement = Bl¢00Kjal'*h (C- C)

Measurement]0 -7, Measurement = Anterlor cranlal base (S . 14)

Int.ac:= Corrokabol coomc,-F

In*class 95% almmce InIMI Flb*/th T//Veil/0

U=.Baund Vive d fl 012 90

169:. 5 4 1 20 000
980 £59 ln.464 41 20 000

T'Im¥ randorne,MI 5 modelwheme bolh =]pic,ecNInd measuesemullferandom

 The e'll./. I the same, /*aher the in*eactbn ell.t is pesent I ./
c leasummenll D = 7, lesumment = Anlrt.rclan#lbase (6 -NO

MeasurementlD = 8, Measurement = Maxillary length (ANS - PNS)

1»tcacla=Corrielioncoilialf

Int./*ss 1 96*Collel'Ine-1 FT,stwal,TrueVakgO

Up,=Bound Veue OR 412 si
*931Su= 9#1 .9/6 1000 6536101 4 20 000

"1.0 weasums 1000 I .988 1000 6636 101 20 COX)

b TheesmarisIMsa weMrtle meractbne#2ctispesentun

Pie2 ?084

DL



MeasurementID = 9, Measurement = Mandibular length (Co . Pg)

•te•:1,5,cor.Walon codl/.of

95% Oor,Rle.nce Ink:nral FTest.#& TIelueo
Valle afl dn Ski

Shh Melues 1.000 99686581| 1 -0 1000 990&656 20 0(10
Atc,way mnocmell' 5 m.elwireboth peo¢eer,Itsandmeasules,Mects'elar,Jorn.

8 Type C mtmeallcor,laten clidient:uslg e cor=hiency dealltbn·Weltlierimeasulevarnnceiserk,ded fln lhedenarntlervaihne
& Theeltlmah IsmesamA *etlerthe inkractbn efect b pr=sentarnot
c. Meas,remen!10=9,/easu=ment= Mandbuirk»,gm [Ca.pg)

MeasurementiD = 10, Measurement = Mandibular corpus length (Go - Pg)

Litajsi Conallic, Codlkblf

95% Xntence Inb,rel FTe.hvttTIelucO

Cbretaten' 1 Loir Bour, V,Ille /1 dl2 SC
64/.Nle'lull 1.000D 11 i 1 000 12872910 41 20 000
Ale'gelinsull 1.000 I 1,0001 1 000 12872910 4| 20 1!00

mo:,ly Indom lael s mcci whecet«h geopbe*caind measulest,lects Irelandom.
a. Ty™:Cht=des=co,0ealioncodklent: ustlg scosall, delk,Ilbn-Beteleen-mensule ve,nceis elJded km Ihedencrnintor",ence

c leasulemenll = 10, Weasumtint =landlumro/pus hogth (00- Pg)

Measurementl[ = 13, Measurement = Anterior facial height (N -Me)

k.Uacla. Go.reatio, Cofici-©

=92.
96%©onfence Iner,lei FTclt.011,Tru,Vakeo

Uni/r Bound Up, B.. V01O dn (112 al

 Sng*: -surt  10 20 COX

1.000 .998 1000 303'WI 4 20 .000

a Ty,eCIMIclanscclcittnccd,thnisesiligecon:le<,deinlk,hthebellee,Imeasuelrlancebattfom thede,unmak,rvallnce.
I lh, eamb, m maime# wl,ethe, the -ctbn -ct apesent ornot

C Me.summentiD =17, rellu,ement=Antebrlacialheghtel.•50

MeasurementID = 14, Measurement = Posterior facial height (S - Go)

»*Racks GorT,1,110, Cofici,f

95% Qirjuic Inknral FTI*m TIe VI 0

Ck:rmht&. 1 9..reound I u..acund Va,le

Gn,51·le=ur= I =1 .9311 908 Magj 4 20 000

20 .000

Twiwe, indorn efecls modelwMI ta peops/8:#inc measues,liect,ele indam

8 TyteCInkclallcorthttlcoelflhnistrsinglcultk:™addinliolthebellee,wmcasulm,lancehmcit,led frmth,deruntrarbnce.
I n./*Irn'bristl,e-m<whemerme,M,/ctbne:*/tispllentornot

PBeS P.ga 7

MeasurementlD = 11, Measurement = Upper facial height (N - ANS)

InglalsConal*on Co/alclap

Intral"=
95% Connlence Inl/,11 FTetwith Tlelue 0

<k/lat=. Lrler/ouno 01 dt2 s4

:==1 1 5 %: ,
000 124805 41 20 000
999 1364805 41 20 000

Ii/WY Talem -ch modelwhel kih leoleleband maa=es e{*,c# ale,andom

e. TypIC ht=classcorJatti cg#*Tene usrg e Illsmy ®rmiton·tl ltlmearhl/asummrantee/lvded 128 keden,minatvarince
b Thee*net,istbes,Ine.w+12¢herthell,$/./*It'Blent. not

C MINIMmen#D=11.Ne,sule,nent=Upperclall,eghtF-ANE

Measurementlo = 12, Measurement = Lower facial height (ANS . Me)
"ta:1-'Com,1-or,CoG"kN.f

Int.ac . 95%Cunrdence,nierval F Te.twrth Tlue V/ue 0

Up,ef Pound Valle dll dn %
51/b Weasu/s 509 26 1000 5060796 4 | 20 .000

10100 599 1000 5060796 4 | 20 .000

c. re/sumenID = 12. Neasur,ment =eve,faclanet (ANS- rel

Measurement10 - 14 Measurement = Mandibular height (Co . Go)

•tlck- Gor-latioIC{Irncliof

=A.
96% 041#31%71'AMI F Testwill, Tru/Vabe 0

Lo•creaund U.=ecInd va# dfl d12 610

1  1 96 .987 1000 10077 4 0 0[JO

SEP .93 88 290 017 4 20 000

Tw>,Ii landomeft¢b Inudelwl,el Liod Dearlleerte and led=ue:eflectsale landcm

a Tie /5#mabra thsar< whelher,he,de,liti.n erkct ilpment ornot

o INsummen10=15,1-surinant=Mendlbularhel,ht(Co-Go)

Measurementio = 16, Measurement = Interlncisal distance (Ul · Ll)

Inkdass 95%Confllencelnlel.al FTI¥Truevab,0

Upcereound VeJe d/1 | 412 84

*gbhleasu= : ==01 -== 595 137802 4  20 000
98 137802 4 | 20 000

I Me'uemitID = 16. Measumment= InhcbM de#nceN/ - U)

Pege6 P.gaB

GL



MeasurementiO = 17, Measurement = Facial plane angle

•track-Col.*.&.#=/*

=5
95% <knlkience Inhwl FTIUM Tlemll 0

lo•erfound MIUM /1 | m %
Smgbldeasums 95* 957 &8 216728

27 989 1.000

Twcllymnr*,m efec smodelwt-.1*:¢11 paop»ellecBandmeasulle:fectsale,andom.
a T,peCIlaclas:ccrmialicncom#denbus,laconsbknc,delkliton·lebet,eerimeasum¥arenceiserldedftomthedenommetrva/ne
b Theetmabristhemme whetherthclnt™actkn efht e Dresentarnot

MeasurementlD = 18, Measurement = Angle of convexity

ht••260 Cor-alon Codfu••f

Intrallss 1 95% al.Ince In...1 I FTesIMMTIeValue 0

d£1 | d12 Sl
SmgbMeas/ms Spl 8991 2% I 191448

£96| 982| ES@ I 1914,8
™>way//cmelec :model.herebc¢hce/DIelk,cbend measule'ef*clsale,andom.

0. TypeCItclam Lic/lation cosm:knts usr,/ car/h,encyddlit/n·the blet,e»me=sule varence„ ecluded f,om thedenom,natrveranc
b ™.estimatr & ae same. Wh/her the inklml eflect b present / not

c -suremenUD= 18 Mels,lement =Angeolcon.9

MeasuremenUD = 21, Measurement = Upper incisor to Nasion/A-point

't'Clas' Colltiol COlicilf

Intm/1/=s 95% ammence 11:AM, F TestwithTrue VI 0

C./1-tin' Uccer Bc'nd Vihe dN
4 20.000SnghNI.U, mo .ee 41233

976 917 27 42233 4 20 000

'019¥a, randamellac i mojelwl,ela bc*b peorlieefec,send measuese Nectscre,andom

a· Ty,e Clnlreclassconchtbncoem™nbt r,ga =se:Imnc, deflnlion·thebe*xemea5uenrian, h excluded flm thedencminablimic:.
I The estimabi l the serne, whelherthe in-c/n eflect Is pesent or I.

MeasurementlD = 22, Measurement = Lower incisorto Nasion/13-point

bte¥*- colrollf»n Co.mcilt'

Inlmcia=s I 95* C<Ime,ziln'-1 FlbIMBTRIVI),cO

Upper Boundj Va# .fl

8.9„-SU=ARIFITRIS,JEs  7161 ,375 90 16142 df2 20 *mo
938 1 .782 18142 20 000

-piay random -ce model dela tab peapleefect M measues, Mediereindom
a. Ty,e C Inileclasscollabtln cceff,™018 ujing/ cc=bency de,Ir-n·,hebm,4 /n-11=50/ Irlate e /Lgded lam Alter=n,nabrveran v
A The estlm,b, is the sarnt whehe. the kpolactnn efet 13 peent ornot

9/99 Page 11

MeasurementIO = 19, Measurement = A-8 plane to Na·Pogonion

**ack=sCong,ji. Co,flicleaf

Intach 1
95%C=Irtienceinwval F Titw.th T le NueO

Valle 01 df2 %

54*Mens'= I %79 930 985 3908 4 | 20 .000
A.eagelleasul,5 | 988| 1000 283908 41 20 .008

r' Irdom ef,acks Ince,6.Bowm 'opieflectbandilleasul' dect, are landorn.

a Type¢*teclas,cor/lal,0,/cdlk,ent ueklgecons/*cydelmit/n.#,etet/een.melsule,larlancehe//ded/cm #edenominaerve,ance

c Me,sulem/113 = 19. Measulament =A·B penek, Na·Pc)/nan

Measurementl[ = 20, Measurement= Interincisal angle
*lacts Comlan" Colfle»lf

Int.2Ch= 96%Confdan.Inknial F Te,t vAB Tle valu,0
(*r-ten' Lc.ermound #ue dll £ Sq

Shgs *=Ues ME €14 985 47172 4 J 20 .000
Avagekalle, 979 925 ES 47172 4 | 20 000

a #peC@111'clascu»slatloncc#kients'st'crns'#.,de*Wbn-lhete....rreasure"rlance'el'dedliom *edenominatrwaitanc.

Measurement]D = 23, Measurement = Mandlbular Plane Angle (FMA)

ht,act.= Cc.atio Coer/-F

Int/cla= 96%¢der.** F Td #hT,MVelteD
C.r-ton. Ucceraaund Va,le al | 012 R

Smgl,-su,mAvelgallsuls  881° 966 386 45312 4 | 20 000
78 .922 97 46512 4 I 20 .000

Twbvel reljom e.'acts mcdelwhem Ldh Deciplo g«ects and measupse M81*lare I ndcm
e Type C * ass Icrle*alcoccericellt us•ng i consetcy allrLI,or,·lhe behllee,wn,=u m jariance n =luded ton thedencminabilronce.
h The e*mebrls the same, wheUher 11,e h,mton alt 0 pe:ent ornct
c Meesummenll) =23 Me,sulement=lillfibula'Phne:AnglNIA)

Measurementlo = 24, Measurement = Lower Incisor to Mandlbular Plane (IMPA)

Al=]Ca= COIT,1-k,IGoeflic!t°

Inteclass  95%Confom/IMM Flhstwill,TrvevaBO

A.../gZ.:.:s i :ri : *0,°E V.:b I ." : m Si,

20 000

20 000

b Tie/mak< 1 9/2/C lb*#/ hexin eMe=t is M.enl /n i

C Measucm=UD)=24,Me,sulernant=Lc,zIncla,blandrk,rplia,co•PA)

Page10 Page 12
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Measurementl[ = 25, Measurement = Frankfort Horizontal to Mandibular Incisor (FMIA)

Incks' com,=on Colm'-f

Intmchts 95%cknroce Inkrval FTe:tMmTIe Valuel

U.l e'und Vabl clfl d/2 SIg

1 S#"MI.U.I 500 146 50? 7112 4 I 20 .001
A-liesu,cl 860 .606 £84 7.112 4| 20 001

1*0*ey Indcrn efk & modefuree bca peopb eftesend mellump ticts ale,andom

a Type C@,tadal corn:latnclemcients ts,lglcolplencydellen-t/betee-measule¥'arlnce[,ltl ded flcm Ihederuninatrvallonct
t. ™,estime,x isthe.me, waherme in-ct. ell.te plesentornot

c. 1*ezuremenliD = 25, leasur=nell = Flanktrt Holkontal b Mandlbubrlrdfor( lll)

Measurement10 = 26, Measurement = SNA

Inlachts Conu*o Commci.f

intmcbs 96%Conidence Inierval F Te.tlth TIe &91180

Vakle dfi dl2 SIC,
Srgel•clues 85F 612 98 36824

973 gos 997 36824 41 20 000
rwo-, Indom emc s mo,clw,erel d plophaectsand measul= i,acts ele,anoom.

a Type C ht.adalicol-t,cnccemcients INa conspkncydel,Iltbn·ttwe behen·measule:valncell e=/be}ed flcm, lhedlflinatrverhnce
b The estlmalor & the g me, Miether the Ink:,act¤n efkcl m grment / not.

e. -asulemen/0 = 26. Measul,Elnent = SNA

MeasuremenUD = 29, Measurement = Upper Incisor to Frankfort Horizontal

.-*-Go,rel#konCoIllel,1.(0

21.
F lhstwllh Tr Vake O

Wle, eound d,1 tn Sig

1 S.*'/lasull
741 20 .000

Ave.,Me'lucs %41 946 61958 4 20 ODD

TH€>Me,landormel# 3 Incdek,tem tom peopleefiecb end mealulle,/cillfe ,andgrn.

a T,Re C Intraclenco-aton=:Ikentbuslfigicanshienc, de#In,lon·the teleerwneasum wardele haclukd fol Mdenominabrverer,ce.
b Theestimak,risthearn<'#ett,ertte*"'actondfect!.pe-ntcrncl

Measurementlo = 30, Measurement = Frankfort Horizontal to Nasion/A-point

..e. CorT-lio, Coficief

Inlm-= I 95% Cderle Ineml FTestIATIeVIke O

Upperaound vallie d„ df2 Sig
*4*.w= 20 .000

1 000 486 404 4 20 000
51 =

Fic-yiendomefac s mode'"e both **efaces and misueserle¢Iser=landcm.
8. TypeCIntraclesscorreton Idflents usinge conshincydeinitm,le bblemleasue var!8nce h ecluded mn thedenomlnetrvelenl.
b. The dmak.r h lessme, w™herma -cton enect is pesen: mat

c MeasuennenlaD =30, I-surememt=Fran,cen,Ic,1alt,Nes,cWA·pobl

Page 13 P,ga 15

MeasuremenUD = 27, Measurement = SNB

btr'/El' Co'm//go Go,mci,nf

Int.class FTMBTMV,BIO

Callation' Liwer 80,01 U..8.und Value A | d12 64
Shgl) Ne0sues 8145 .529 975 27.183 4 1 20 .000
A,erage Measur= 93 871 936 27.183 41 20 000

r...Frandamek 'rnode'wilebct:,ceor,Imefleceandmeasuraselctselerandom

MeasurementlD = 28, Measurement = ANB

./.#.co.m--co,fl./*

Intmac/=

Ck=reIM.n'

95%CondericeinEnal

Lo=reound I Urlce, eound Value

F T=twl Tme ValuIO
dll  de S#

S.98*easues 21° g37 998 318138

Aeage Illeasumes 27 959| 20 .000: 1 20 .01

c IlasucemenUD= 25.Measuremen:=ANB

Pagel4
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Ceph Reliability

MeasurementlD = 1, Measurement = Blporionlc width (Po . Po)

...#.Com,le.or.Coelfk;iel'

Int/ch. 95% Ccnfrkni Inbial F Tatwith Tle blue 0
Vake /1 d/2 Ski

M.gble'lues 5. .9,7 1000 7214918 , 1 20 000
AWIFIe,sules 1000 1000 1.000 7214918 4 1 20 0(JO

rN///F randam ellac 2 mod//ul/eltdl, pmoreefes/nd meas//e *a /1, /rdom.

a. Tyree htmelassc/igalimcc/W/ent uslg ecor/thly*Imitbn·tM temierf/eable varence is arbdej tmxn IMdemmInarvarhne
& T.estlmat,Isth.Ime. wt,0*hertt,a in-ct. e•.te plesentarnot

c. Measulemenl!0 = 1, Me...ment = 8/pol.n'weth (No- R,)

MeasurementIC) = 2, Measurement = Biorbital width (Or- Or)

b-/19 •CollilOn GO,fl-lf

lot/Ch.
96%<an#nce.Inenial FTe=IMB TieValueo

#IUS dll .12 %
S.*"Me.Uel

.90, 986 1Aerageeasures .988 97 4.000 1361 668

Tile, r,ndorn /Ic 2 mcclallel pupb *chend meesure,eflecale,Injom

1 TypeC,lindas:cor,latllcoilcienbusigiccm#Ancydelinilbn-lhet,hic-=m®,surevaranceiser),ded f,omthedenorninakJrvarnce

c Measurnmenn>=2,le,suement=Blo,talwidth(Or-04

MeasurementlD = 5, Measurement = Bigonial width (Go. Go)

4.1=cla,s Correlatio, Coe«Ii*-f

96%90)fowl®Ink,MI f Te**WTTIVe- O

Uppereound Vakie (111 d2 Sig
1 Sngb ...ures .986 1.000 1172&366 4 20 000

1 A....:-sues I i=1 1.=
1000 1175356 4 20 000

Twlly mndameflacts mcoelwl,el bc*h peapleefacts and measuesefkct=ale random.

b ·n,els:Imetoristheserne.whet,erthe,le,ectbne*ctmp=entornot
c MeeluemenID= 4 10/asummit= 6Wn#lwath (Go-B)

MeasurementID = 6, Measurement = Palatal width (U6 - U6)

•t:al, Colle-o' Coemcie-

Inuadass 95%Confee=Inker¥'al FTd¥Tneval 0

va) e 0 | &2 R

=*945.S | 9999930 .977 I /9 204d87 41 30 .000
504897 4 20 .000

Twavayllomefeci madelwhee tah geopieelects and measuele Mectle,e lendom

a. Ty/ Cint,aclasscarrelattl cceftenbu:Ing Icans=kncyclellnlicrte belB#kicalcenar= he=ludej fom thed/nominablrwermnce

r Mea:u'mentiD = 6, 7208'rement = Pebtalwl/,1, 06 - u'

0299 1 Page 3

MeasurementIO = 3, Measurement = Blcondylar width (Co . Co)

/*™tass Comial¢,3 Co,Mamf

96% C.rdenceln'nial FTestw,th TrueValue 0

lo•er B-und Uncereound Value dill de gl
S/gbM/esue/ ,my 998 1000 13946846 4 1 20 000
AIrege Mensums 1000 1000 1000 189/5846 4 1 20 000
k>.iel iandom e™c i IncdelwtItah lonhefl2ctsand mitallse™:ciarelandom

a Typeemt.adaliccJ,·,1,ta,co,Mkienbu,Nglconsubride*Hon-tbetelween-meas,eyarenrvisculded flom thedenamlmbrvarknon
b 11estimarhesawfthermcinactdectbpresentcrnot

c lee#Remenl,D=3.*casumment=eicondykrwem(00-Co)

Measurementlo = 4, Measurement = Blcoronoldal width (C - C)

Int//*ss 95*Conkence Inen,al F Te llth Tme Value 0

Uprereound Va)Ie df, S#

8*....les 5* 3501.796

AIMMIRsures 1.000 9991 1 000 3501.796

a T,peenkcl,/caraBIM/kiensugIC[=SUydemitbn.NUM#/IMIN™Wre//is/EWedbrntledencrninaerl/Ang

c leasuremenLID=4.Weasuement=Bllowoollwdh®-CJ

Measurement10 = 7, Measurement = Anterior cranial base (S - N)

laticias: 95*Confdmisintwl FlbstwMII, TrIVehIO

0/I#k'. LowerBound uppereound vele dfl | *2 4
1 S--1,3 -resures 596. 965 889 1377.014

1 A...9.10'*les 589 1377.014 :1 5 6
Tic>-¥lndamemc j Incdelwlee L,th De®leefk,cts and measulleNectsallndom

b Thetestimahlrislhesal™.w#al,ertlein-ctbneflttepesentcnot
c ..suelner,O=7 ...ulemenl=Anherclanulbe={s-N)

MeasurementiD = 8, Measurement = Maxillary length (ANS - PNS)

Int,ada= 95% Conrdence mbll FTe*¥N-T-V'*0

CIrreht,on. Upper Bound VaJe dM (112 Su

I S..bmeasul/ ferp '%4 20 .000
597 301740 4 20 000

c .su.mentl)=8 -Rufernent='alslaryler,gtheNS-PNS)

P#82 Pa/34

8L



Measurementlo = 9, Measurement = Mandibular length (Co - Pg)

Int.ack//Cor/,a/.Co„flk:1/*

FTestwilh TIeVelues

dll de Sig
S kgahleelums 1.51 07 1 000 638¢061

C Type Cltada= ccr/ation coe*,ents usill colin*nc, deflilbilhetet,/)-measum,raincels exbded hum Ihed,ncrninakr vaince
b· Theeslimal, istheame, whetherthein-clon ellect b Al=entcr not

C MeasulementID = 9. Me,suBrnent = Mandbubr length (Cl - Fg)

MeasurementlD = 10, Measurement = Mandibular corpus length (Go - Pg)

htrI,-sCI'llion Co,lki'F

ineac/s 96%Ck;ntknce:Inker,al F Testwith Tievelue 0

Carmiation' LI-reound dll d12 Sig
Sk,bMees'= sse ./4 22 Ba770

gn 85.770

8 TypeCAteclamccnekthold:bents usinglconshcldlflilbn·thetehell·melsureve,hne ise,rl,ded#¤m tedenomlnekrvarbnee

c YININnentl[=10,Mees,rement=Mandbuarcorpusingfl, (Co-PgD

Measurementi[ = 13, Measurement = Anterior facial height (N - Me)

bt.23. Cor™*/10. Cout,k:of

IM=¢*Ss_  95%00*encel'knal
Uppre,nd Vae dfl 412 %

8,hkasures 16*DI 993 3g2% 4 20 000
Acal 1,1sues 27 1 -296 4 20 .000

lk>ney,andorndic s madelwihem both reoceefects and m//sums, flectsale,endom

a. Ty pe C Intracless car™httl Coenell 11:Ing a ccrab*ncy de'lintion·tk bet//mn-r™:asuc ,Ince b ecluded f on 111,dem tnabrvalbnce.
b The e.Unnelot Is thesarna, ellh#ertle kractbn eflect Isp esent ornal
c MeasuemenID =13, -surement =Anbriacial hegl,t(N-Ve)

Measurement]0 = 14, Measurement = Posterior facial height (S . Go)

•t'*'Co•rebtio'Goem'-f

95%Conajer=Inknial F Ted #M Trm VakE O

Ctrre't. lo•e, Bound *cerecund Vakle .fl de %

S•#-Sur= 93• 892 1.000 2481194 4 20 000

1000 990 1000 2483 194 4 20 000

11· Ty,e C IftlIacbMCI]litwcce,kents usinglconshnc, de#Inlion.thet;et•cerkmea=ul varience heclu,jee fun lhedenarl,inebrverll
r The estimbbr iS Illesarne, wl,ethmrae biactbn erect Ispesentcrnot
c Mees,le/AtiD = 14, leasulement =Po,bu tal h,Ight (S-Go)

Peg/5 P,ga7

Measurementlo = 11, Measurement = Upper facial height (N - ANS)

ht™:,assconplala co,Heale

95%0*,fdenceln.nial F Testwith TrueValue 0

C/relat|on, U/,creound *lum dll de Sig
8"1&.easull 940 838 591 112904 4 1 20 .000
AIrageMee-une, 1 591 969 28 112904 4 1 20 .000

Tlyl¥ ranrn enl,;bs modelwhe.e tah leoll eMEDband illm=efct:irecandom

e T,pe Ch,tacialccrnlatl,Jncoetkiene le,ga cansiencycl)linilbn-thete,0een me.Isurplranceis erk,ded #am thedenominativaranca
b Tte=tima#isthesame. whetherthei.hact•'nettl-=ent.not

C le/5uremenUD= 11 Meesurement=lippertacialheght(111-ANIS)

Measurement]D = 12, Measurement = Lower facial height (ANS - Me)

"tae#/Cormlatic'Cou'.Ilf

Int//*.
95%knldence Inke-I F Teit,jth Tme WIWO

Lm/r Eaund UpC.B.und Vallie A | 012 k
St*Neasues 90 9% 485822 4 1 20A.rage M...3 1 5% 59) 1 000 485822 41 20 000

e. Type CAMcla=llmticn# usN e cls,lt, demitoile tak-™,sul veranceis elldell mon lefmminaugnance

c ......IrnD=17"easurement=lower'cialheght(ANS-*c)

Measurement!0 = 15, Measurement = Mandibular height (Co - Go)

ht•/b- Gollommn co.Imchar

1.Im,1,53 95%Conajinceln,Infal

vsille df1 df2 %

1 S..3 ./.ures 4 20 000

A¥/1,Meuum' Ego 9861 989 104796 4 20 mj

Tzive¥rnndome#ec k ml:dewl,ii L«h peocle/flacband measuese#ectialem,Kki.

b Thealmabrislhesarn/.whett/,#2*1/Iclbleectip=entornaL

c Meesulmeni D =16. Afalument = Mendibugr heght(CI- 87

MeasurementID = 16, Measurement = Interincisal distance (Ul - Ll)

ht,aaaS=Cor@tJo),iC¢efliG:lf

95%Conmencelnbr,!al FXIMMTrueve00

C.re*ttl. U/ereound Ug//Bound Vnkle M 412 84

i *gehleasuls
992/ .971 4 20 000

A=ag....sules Eeg 895 1000

& Tle e*mabr is tile same. whether,het,lk=cton dect =pe=en, cr nct.

c. tteasummentIC = 16. leasulent =Ink,kbal detance(Ul - Ll)

P</6 Page 8
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Measurement10 = 17, Measurement = Facial plane angle

kuid=sComlaac. Cointeif

95% C»nnlence Ink:)/1 F Test Wth Tle Value 0

C.'·elaticn. Va lie dll 1 82 aq
Sngbfealues

r =01 , '% 3440281 -
342 698 344028 41 20 000

Tgply mndom «ects mode,wh,reboll, p,opleflectend measules c*c= are rendom

a T,peentadlasccr=lat/ncce,#cenbusieccorl=k,udethithn·thete,Aee.9/esurl¥,rhnceise/hdel,11ntleckncrn,nallrwarne
6 Theest,mak, ilthesanne. *!hetherthe ink,ractcl, dkct b prmentor not
c MeasulemeeD= 17. Meisilement =Facklpialeange

Measurement!0 = 18, Measurement = Angle ofconvexity

././. Cor-lal.(/#Inf

=51=22-1,-1 F lest *1# TAe Vilk 0

Val[,8 2 | 52 W
S/Ob•casuls 1 51 12 98 1167.626

07 1 10 11€7.526
T,.wy mndom ellscts modelwherebc*h #ofeellectend measutes dects e,e random

a. Type Cltedal cordation coelliclenb ustge conscencydefhitbo.thletehween·me„sure,ra,ence Isacided flown Iblde/on,natrwirbnce

c MeasummUID=18.Melumment=Ang,301=,Y//Ity

MeasurementID = 21, Measurement = Upper incisor to Nasion/A-point

•tlaclas:Colm-oCogla:§,f

Int/cla= 95%Con'dence Ink'al FTestMATNIVake 0

C»Te*t*'. 8//reound Up¥treound VaJe dM df2 64

1==18 1 £645 947 %8 376908 4 20 000

997 .gel 1.000 375908 20 000

T-Iayindom eflacb madelwnee bolb pipielct ind measuesenectsale,andom.
a. Tyfe (Intrnclasscor.ebati:,1=#Itent, uslngecansh*.ry 00il,RicrAhe bet,AIBmeesue mflaic e excluded torn Ihedenominally,rarnn=
h The estimetris If/sarn£¥bether#/ W/acton/1/tls p=ent ornot

MeasurementiD = 22, Measurement = Lower incisor to Nasion/B-point

ble:&"scolrdlw Co'*fick.f

Intgcla/ F Te*Milh True:VIe O

Upperaound Vale 0 | 412 SIg
G.*hi=ur= 978 928 297 Id 716 4 20 Or*J

.987 1000 4 1 20 000
24*oy random '#sc 3 mcde'w,lem Mlh peopleefiecb end mee:umselectserern;kkm

a Ty,e C Intriclasscorlebton cocffients usng a conshlency ddinlion-th= te*ween-i

A The estirnabrls mesems, wtether Be m-,ctbm eflect IlpesentcrnoL

P/89 Plge 11

MeasurementIO = 19, Measurement = Ag plene to Na-Pogonion

»Ick=@Com#90,0 CoofIA#f

95% *1kncel*.al

COJmlation' trwareound Uppereound Value all df2 SIC,

S#bMeasues i 29 950 .988 402520 4 | 20 000
Aeragelkes,res 996 591 1Coo 402520 4  20 000

Dowa¥,andorn -cts morle!.Irl Wb Ieothekbind meas,res eed= are midom
e T,peCIM¢Eaconiklgkieneu,glconslen¢,dathilbn·thebteen measuevarancalex™ded framlhedenomlnrvannca
I Thmelimabristhelme. wheth,thel,Liactko e,Et k fresent/ not

C. NeasulementID = 19. Measurement =A·B phnebNa·Pcol tu

Measurement]0 = 20, Measurement = Interincisal angle

b-™11=SCO"'121101'Colkel,lf

111/facbss 96%Con#.Inkrvel F Test ME Tee Vale 0

Val* dll S;
S/geMeasles 90' 89 698 172*65 41 20 000A,wage M.... I m. /80 41 20 000

b Theestlmat, M the 2 /4 M/*r the Ent,¥tbn etet b p,ment<, rict.
c -asulemen:ID =20 Me,sulement =Inte,lbalange

Measurementio = 23, Measurement = Mandibular Plane Angle (FMA)

Inlmclass 95*Confulncelnkml F lalit!,True VIM 0

ay,emen. L£nliereaund Uppereound va„e dM dn %
*gehle.U .957 20 000Ave'll,lealls | tir, 992 1000 4675?9 4 20 000

7849¥ Indome*cb Incded wl,ee Loth pecoli efl276 Ind maasies eldi ele randle

a Typ C Inllaclaisconebtrn ccefftene,rsinga colle*cydefin*ion-thabeh•,eenmeas, e unalle heelded flom * denornlnallrva,ance.
A The E[mat.rls tte/ n/. wbethe, the in-cton eflect e pesent ornot
c Wees,emenED =23. Measurament=Iendibular Phne Ar/b e'•IA)

Measurementlo = 24, Measurement = Lower Incisor to Mandibular Plane (IMPA)

'tla-=Co.al/*m Goeflk'lf

95% (c'ME'. Ine™al

Ccebtlm' 1 Loer hound Orr„Bound V.,8 | df, de ag

1 2..,*.....:s =\ 1874 598 132655 4 20 000

20 000

C Measulmentl)=24, Measulement=Loweructort,I,andeularplaneo•PA)

Page10 Page 12
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Measurementlo = 24 Measurement = Frankfolt Horizontal to Mandibular Incisor (FMIA)

b*/43$ COmlaa// CO//06:*f

95$4 Confde,Ke Ine-1 F Telt• Tle Value 0

Vak,8 41 d/2 Sk,

:==.1 =1 -1
EGO *411 20 000

$2 /1411

T,£7/1 renlam *aces modelwaeboll, p,opbeflects,/ measwes eliects ele random.
a. TNIC hhclascoredalioncoccient, ustg e consh,encydefm,ton·t beti,men·measulenlitnce ls=/Uded flom IMdenominativaimncel
b The e*Imatr is the same, w#ether tte Int,fecion enect h pr=entor not

C leasule,nenWD = 25. Neesulement = Flanket Horontal b =Indit,u#,Inc,or(F»IIA)

MeasuremenUD = 26, Measurement = SNA

In/191/// CollulaE/1 Co//f/d/»f

Int./ch. 96%0Jnrdencelnt,Nal F Testwith Tme Veli 0

Va* C#1 | de ™
Stk:Mensull 372 908 1 07 211928A/,age Measu'l | 596 983

559 21198

r./.y fandom elece model./.1 all, peophefacs/no .....ct, I. rndom

8 Tweenle Unscollatnccef/enbusigacons=kt,debilin-Betel//asurmwarhncels//bdelflatdelmina#vatence
, *..timatristhes,m< whethef me mhactbn dec, I preentor not

Measurement!0 - 29, Measurement = Upper Incisor to Frankfort Horizontal

ht.a,la= CoZIMb. Go.,nch.f

Inte/#S 95*Confliencelne:val F lbstwlth TrueVak,e 0
Ocle't[:n. 10/er Bound U,Cle/8J. 1,0,18 d/1 1 /12 Sig

I 6*101,leelures
1 Aveleg,Ne.sues | BSP ·933 990 3,422

87 299.422 4 20 .000

Twlilyrandomdech Indelwt,le hoth pecoleeects and measues, flct:ele Imorn

I  Ty/CIntrades:cor,eithr,co5flent:usingaconshency defintbndhebc*•eerflneasue liMance h Maudeo lunth=denon,In,ervarance.
b. The ar#melor IT Ile seme wl,ether the htlmctbl eflect Ispisent orna

Measurementlo = 30, Measurement = Frankfort Horizontal to Nasion/A-point

h./lac=Cory,-O,CO,faciat°

Inlaclass 95% Connienceln'-1 F Ted va Tne Val e 0

urN-Bound VIWe dn de R
SE'*easules =01 9.i 829 617.797 4 20 .000

Ave,29/)Aeasuls 993 1 000 617.797 4 20 000

Naply,andornefec i moldeB boB peopleelets and mealumi Wectsale:on,ori,.

e. T,Te C intlacialscon·ehttwic(dflent:susingl con,bkncy deinBILIhe *084#4*asue viriance b e=luda f un,hedenorninabrvarbnce
A The l imaer & Sesarne, wl,eher the bllecton /bct 4 p=ent ornot

c MeasuemenD =30,asurement=Franke/Hor#/AIDN-orVA.pot

Puge 13 P,2915

MeasurementlD = 27, Measurement = SNS

Int./ch. F Tetwa Tle Wlue 0

Ct.aticr. Lfower Bound dll dn Se

SIg*'easues 90' 973 99 75902 41 20 000
A.emgele,sum) 90 995 1000 79602 4 | 20 000

b The estlmae,1 Is the *Ine„.le*Iler the ],I racibn eect k plmentor not

c leasulemen110=27.Measulement=SNB

Measurement10 = 28, Measurement = ANB

Intchil 95%(1Jnrdence Inhe"I FTe,t M Tle Value 0

1 Cnrelation, tc- Bound Uncer eound Value /1 d12 %

598 296000

958 1000 295000 41 20 .000

mtoway Iandom ellbs Incd,i/llecll, peot 'flecsand measv,elehb are,anaorn
• TneCallaclasscoreate,cothentluslgeconsiblydefiltiln-lheeeti,een measulevarencels=,Ided,forn tledenon,Revarence.
b ne =tiwirisMII ve whelher the intacti/, decl & Flsent/not

c Measure•nemuD = 28, *eesuremenl =Al,8

Pag'14

I 8



3DCeph Reliability

MeasurementlD = 1, Measurement = Blporion Ic width (Po - Po)

ht:ack=/ComIMionCO@fl./.f

In//ch. 95% Bnmence Inlmyal FTe t Mth True Valw 0

Up,=r eoul.j Ve* .1 dfa Ski

1 S'gl.-SU= 93@P 907 1.000 6717,631 4 20 .000

Abelagekasules 1000 6717531
T.0/47 Indom *li 2 mMelwl,e,eboll,gloce.emot lridmeasules dktale random

a Typet C ht=clan co,ENalicn cclcients usge colekit deflitbl,·111, tch•,=lmeasureverfrI: is =l ded knme denamlr,Atorvaf#nce

c Measu,emen,ID = 1, Millment = elporene w,lth 91_ AM

Measurement]O = 2, Measurement = Blorbltal gldth (Or- Or)

•...1.5. 00-4-00 Coomch.f

Inbacb. 96%Ck,Ird=nce.Inkrval f TestU,TIelue 0

Ctraticn' lo.er 90,10 Vake dll dn Sig
S.ge •easual 579 .920 597 247620

A¥31@ge MeasuRs I 26 .26 1000 247.520

a TypeChtmcias,cor,Nationcc-Ician# us#eccl,sh#c,dmitba-thetet,•eerhmeelle¥,rnceiserk,dilkm uldencrninaillailance,
b Thee=timal) isthe salne wlher the In//acim elet c glesent cr not

C MeasulemenUD =g lealement=Bl,rfull.0,h (Or-ed)

MeasurementID = 5, Measurement = Bigonial width (Go - Go)

Willass co,r-tion co/ditkie

IntaC!853 1 955(Cfde®eln»* FTestTrueVIWIO

exx-ten• 1 *wereound ....Bound Vail all m Q
alge *sures I 5.1

998 1.000 17653046 4 1 30 .000
1000 1000 1000 11663 045 4 20 000

a Tyce.Clnh::la:scorektcocceffil:ents'sing""Bks,xyde,intbithettweerwneasue,aliblesb=clukd fonthedenominablvawAce

MeasuremenUD = 6, Measurement = Palatal width (l'16 - U6)

ht.ch-Go,re-0.Go,flicl-¢0

Inkcless FThstwiti,TrueVakIO

Lolereound upp.reourd I Vau Ml /2 Sg

Ish,-sul' 1 880' ·662 44 1 4 20 000

1 Avelga-asules I 978 44855 4 20 000

10*9yrandon,e0acts madel,lihee lath peopleefectsand measuese,clsere,ndorn

c. Type C intldesscarrelatan coeff/enS uall,ge consmt:,cy deInkn-nebet/een.rnelle I naricm b =clueled f om tt,eden,Mina *vaignce.

c Mee,uernen#D =6.Measulement = Pabtalurld,1 96-Ue

PT/1 P., 3

Measurement10 = 3, Measurement = Bicondylar width (Co . Co)

II·acbscolll/k/Coll:11,f

96%C*:]nece'n.-1 F Te l #lth Tlue &lue O

CO-lio# Lc-r Bound | Ucrere.M df2 %

Agip 999 I 1000 24777287 20 000

AlregaMeasules 1.000 1 000 1000 24m397 41 20 000

Tle-¥ Andom erk,c s mojelwt,ere bali, Deort efla:band measulesen,cts am Mndom

a TypeCit'aclassccnsbtlcncoma:lenbulte'Cons,$13;ydllilbn-thetet,Reen·nne,ellevarince,se,lk:ded fram thecienomlrlativalne
b TMestimaerls,hesamtwt,eller#einbach,Jne,ectbpresentornot

MeasurementlD = 4, Measurement = Blcoronoidal width (C - C)

h#N- Cormlcl, Co*i.f

Int,ach. 95% Ckn#lence Inevel F T=ha Tle Value 0
Car.latn' irleraound 1 Uppe.Bound Value dll | d!2 S.

S#ele=UK= AD .844 I 204 117762 41 20 000

Aerge Mlesull 982 970 9/9 117762

r -y ia™jom efec 5 moclelwhefe l,1, p,ope *Mand measure emcs arerandlm
a Trpe Catedal carllatkncl/Njent us,ga<Ule)PGy,lfl,COn·thetet/en mgsurevarang,il/ivded:m thedencrninatialnm
b 1*/u/'t,risthes.amc. wte,herthein,:raclbne,ecta present/ Not
c =easwelne,tID=4.Meas,lement=Ncooncralwic!11,(C-CJ

Measurement]D = 7, Measurement = Anterior cranial base (S - N)

Intexte= Co.01-00 Goemel-f

IntmcIal

C.rretatn. Mi/r Bound Uncereound Vakie 1 412 SIg
S•ye//*le, 1 997. 2001 696 4 20 000

A..9....... 1 1000 Xn1896 20 000

Tlbv/v fandom e*,19 mc:delw//e loll, oeopl efets and leasu/se,hts are Jndom

h The eMi/abra Vesal< Illetherlhe hhictbo 932* Ispelent/nct

4 MeasuerrmtiD=7 res,urement=Anebrofenelba=(s-N)

Measurement]0 = 8, Measurement = Maxillary length (AhIS · PNS)

btlicag (0102/iD. GOeffiC,If

Inhclass
95*Connle.Inb# f Fl//Im/Trlie.Vak/0

(krrehtbn' LowerED„Ad U..Bound 1 Value d#1 de ag

I Sng' m.sures I .27 1.000 I 6860 40 4 20 000
A¥-,Mensums I 1000 .58 1000 | 6,50 46 4 20 000

b Theestin,/br =theIne,wfletherthcleactlnefeclisple,enton*

e IeasulementID = 4 Neasurement = 1,18=ely kngth (ANS-PNS)

Pqe 2 P.98 4
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MeasurementID = 9, Measurement = Mandibular length (Co - Pg)

ht=,Al/Com,WOonCo,«ti,ne

=5  ==1®al FTet•0MTIevilueo
Vallie dfl dl2 Sig

&4/ Maasum

1.000 5272794, Aeller,Imailies 1 1=11 = 1000 5272794 41 20 000

a TypeChtmcia,sccrelathcrolkienbus#gaconsaer/ydemilontletetern/asulvalanc,132£Uded*meldenc,ninatiplien=
b Theestimaeisthesame*wflethertheinbackneflectbpresentorflot

c Measurems,UD-9.Mle.suernent=Mandtuar»,1411(00-FO

MeasurementlD = 10, Measurement = Mandibular corpus length (Go - Pg)

./.'//Con,1/&.(/*kllf

=5
95% nlence In-val FT=twilhTrue.Velue 0

Llwer tund Upprelum,1 .

64&1#.ues 1 00CP 989 1000 35019.226 1
AIM/MIs,Is 1.000 1000 1000 36019225 20 000

Awlly,andom dl/modelwherebothoeopbdlectsandmeasulesenacts eferandom

8 ™/ C /tme,Inccneaton //063)13 Br e cons/LE#2/de/ditbn theteh/airms,1/warhnce & e/ludedff€n Ihederaninatrva/ne
b TheeImatristhes,mewt-erthelnmraclbne,lecte©,esentornot.

C MIN/Iman#D =10.Measulement =Mal,dbulwengh (Go-P@

Measurement]D = 13, Measurement = Anterior facial height (N - Me>

#*Fack.scomelic.»Cooff,1//f

Int*Cial I 96% Conmence Ink:nral Fl/%/111, T//Vek/0

a/*M' 11.00€16:,und U:]por Bound value dil /0 8
S9*Nea'U/S
£/.,I'e/5/li 000 I 1.000 1.000 12718136 4 20 .IDC1 110009 9" 1,000 12718136 4 20 000

Twl¥lycandom efiects mdel'lee both ueaplecb and me=uelenll/erandom
e. Ty,e C lnlaclas; Ic,lekm creff:el,b usingl ecrabincy MInlen·theba-en.rneal I unarLi m eduded flm hedan,kninallrvarbl e.
b The c#mabr is th, same, whetherihe le,aclon efiect m plasent or not

c Ne.summentiD = 13, 1*litul,vnt =An-briacial heht (N-Me)

Measurement]D = 14, Measurement = Posterior facial height (S. Go)

bre:•as,Co,re51,0,Godmci.#F

In#acla= 95%Con.encelnenfel FT=*-Treve- 0

(»,2.tbrl. 41 Lound Ufc. Ball,1 Vale dn €112 %

i Sigh ./.Uls 100(P ./K 1,000 131292 4 20 1©

1000 13118 & 4 20 000

Twoleymndomeflects molel wle,0 balh peoplmefect end memulleffectsele,anoom

/ T,p/Cinlradasscc,rebtoncceffil:entsusing/cansh/2/deinti-UM:bet=,hmeasu//rlance/=clude Mmthed/nominabrvalle.
I lk. c#rnek.rls theserne, wihett,er 1,e 1-ctb, emt liplesent arnaL

c. MeasuementID =14.Measuren,ent =Pritionacelhelght(S-Go)

PRge 5 Pag/7

MeasurementIO = 11, Measurement = Upper facial height (N - ANS)

|nt/C'. 95%00nftle-'#lai FTmt#MTNIFIke 0

C./lation' Lcweraound K 012 Sio

64*Neasues 90 955 293 F#3 dll 20 .0[Jo
A//ge 1111/Sul// feb 593 1 000 ,!88813 41 20 000

A,c-¥ random eflac  mcile/wh/elah:/opbdktandmeasules 96* alerandom.

A Theestirlatristies,/4 whether the Iniliactkn efic b p=entor not

c. MysummenliD= 11.Nensuemet =Ut;Dertacial Meght01-ANS}

MeasurementIO = 12, Measurement = Lower facial height (ANS - Me)

'tr=:,ass Go,mkon Coemcionf

Int™™I 95%Conlencell,srval F T/twilh T,uevalue 0

Corelatlon' LoeBourd Value dll d12 Slq
S.9&MISUmS 988 1000 1711918 4 1 20 000A | = .8 1. 1711918 41 20 000

a. T,pe C htacassea/lati crerM.13 Alg e callea r, dern,kn tke tlticm.-INesumverance llettdal tcln £8 liminat,varence

c NeasumnalaD=12.Me,sugument=Wlericlalheght(ANS-le)

MeasuremenUD = 15, Measurement = Mandibular height (Co - Go)

•ticta/ Go,re-kia Go,mcillf

Int.aclass 96*Conftlence IMeival Fld/,ith T//Vabe 0

0'rrattl. afl | d2 So
5960 .964 38 1324 542 4 1 30 000IZ==1 87 1.000 1324 542 4 20 .000

708¥ay mdorn efjact mcilewl,el loth Deocleell,ctilrid Insules ellactlale flndln
e T,Be C Inb™*Issconehtt£ cceflbents uslng I con,bkmcy aeftelen.the tetiee™,neesu a urience e etcluded :crn ue dell:Iminal,rvarele

U The es:imak,is thesame. whethlthe ktkracton efecte pl=entcrno

c NeesummenliO = 15, Mleasulement =Nlandibularheght (Cl-Go)

MeasurementlD = 16, Measurement = Interinclsal distance OIl - Ll)

ht=G.=Col#»Co#=.t°

In. Cla. 95%Conldenceln*

Vele I dM 1 09 Si

 Sng'Measu.,9 980' .967 1 58 614967 1 It 20 0[£

Avee'/Ilea=/ 588 .994 I 1000 614957 41 20 000
lk>vey Endom eft 9 nulelwhee Ldh pla,le dects antr mealues Imxtsare fandom

b Tieimatr/thesail,%/dherthm herectbnefactispe,entonct
c Measuementle=16.1*casubrent=laerrchaldstance(Ul-Ll)

PFG,6 C@ge 8
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Measurement]D = 17, Measurement = Facial plane angle

•"ciss Gor-1=ion Coifficinf

Int/Cas 96%Ckinrd,ncelnk:rwral FT=twith True ValueO

SMEMeasums 97* 912 £97 222600

956 984 89 272600

lk>wayinljorn d ec 5 modelwhere Lah ploph /*band measureeliects areandom.
0. Type C,Itaclan ccrelationcoefflcient, Mige ¢011:lk:nc,dermitbn·theted/e,hmelsulenrncels exudel kl thedenorninak,r warrnce

b Thee.Imauristhesame.•#tttertheinllackl actb flentcrnot

C Measuleine,IUID=17,/ees,mement=Facm/plareang

Measurementl[ = 18, Measurement = Angle of convexity

h*acks, Co-*n Co,Ifc»of

In#/Ch. 95% C/neence In,erval FTestwith Tru.Value 0

dll df2 SIg
S#h M.muls 335 £69 13-040

Ale,ageM,851,les /O 997 1000 1348€40

Bil>wy In,dcrn e,E 3 mcdel wherel c¢h geopee,Imc¢,end measules elect arelandom.

a Typeentedaucone-]na:,*itienb usllgoccr,sckncydeallbn-lhebetieen·rnlsole.varnnotileikiddhum N:denominak warlance.

C MeasuremenUD = 18, Measulement =All®'*comie.dly

MeasurementID = 21, Measurement = Upper incisor to Nasion/A-point

ht•,c•slco,re,»ncolifici,»F

96%ConfUer,Inecl Fl/stwlth T//Vak/O

U.le. Bound Vail I dll I * Sig
1 Sh.5 -sures 9710 903 25 189 177

1 A...9....... 905 .982 999 168 177 20 .000  E #*0
Tx,0-lay,ndom e:0=cl madelhel I oth pelle/*cts ind melsuel e Nectsal lrdcm.

e. TypeCInt/lasscorrattl coeffiDents,Id,e ccm:bl=yo,incrAhebetweelmeamue *M/cm h ed,Ided forn Ihedenominabrvaren/.
b Tleeimlblr Istho=ame, whether 90 Intact/n -ct is p=ent or not

MeasuremenUD = 22; Measurement = Lower inclsor to Nasion/B·point

ht.ct=cor™,alk>»coill,cleaf

Intmclas: 95% Cclfder,2 Innal FTIMM TRIVek,m o

Curreltmn' Lowereound u-.ecl. .... dn d12 SIg

1=:=-1 843, 665 98 33293 41 20 000
970 84 20 .000

Tvo·gly Indomefce madel.Itee rdll peopleeMects Ind measueseffecls,rerendom
8 T,pe CIntfaclasscor,-on CIAIent: Hong, cons=bryde intkn-thebeh¥,en-metsueveliance h e:Nuded ll»Uedenomimbrvarancm.

& Thi eslim'WIs the.Ine, whether th' tle//bn 'fect 'pllenlarnct

P,8 9 Page 11

MeasurementlD = 19, Measurement= A-B plane to Na-Pogonlon

•,=c'=Com,800. co'/rk"of

Intrec*. 95% alitlencelnt,11 F Test *th TIevelue 0

uppereound Vak,® dn de Sk,

1 I:12.'*':L I „'
973 569 77&566

1 395 1000 773536

Twoll¥ randam eflece modelwhee t,oth clubellballd measules efila ale landom

8. T,pIC blaCM= =llattl e///£,ent uele o QI,IMIy demltbn·tle blm eer.mees re ¥erlnce Il Iteoe lizin themnorn:*10 warinl

c. Measuremen#D - 19.Meesulement =AaphneDN,·Pcong#

MeasurementlD = 20, Measurement= Interincisal angle

10....Corral*,(, Co,.*&'f

Int]/C/. 96% alloence Intlll F Test witi TrueVelue 0

Cnrelah' lo.0/8/,4 V.* dll de 54

9113° 820 33 99602 4 1 20 .000
190 965 999 8602 41 20 .000

& TeesUrabi ethesan· wlthertheinrect* ekt h F/ent/ not

c. Measulmen,10 = 20. leasurem.t =Int/nceal'*

MeasurementlD = 23, Measurement = Mandibular Plone Angle (FMA)

mt,ack=Coull=oiCoak:iof

In*class 95%Conmencelatinl

Ve# dt1 df2 Sig

/ Sk,ge»Sules1 Avee0-IMs |  876 1 £96 152244 4 20 000

97 599 162 244 4 20 .000

TIcIA¥ Indomefbds modelwhee beth ceocleellects amd measues etled,areialjorn

e. Ty. Cint,cil. corretal- ccentens using/consehley 'llin,u,·rebel.aen·rnees,/ .ner,cl lezlucled 1/rn thedenclina//far Ice
/ The eslimakw Is thesale, whether the ....n eklt' p.:enl ornct

c Ne=uementl[ = 23. Measlr,em ant= Mandibular Phne Anglm BIA}

MeasurementlD = 24, Measurement = Lower Inclsor to Mandibular Plane (IMF'A)

•tick.-Corik.lioncoollciaf

Intmclass
95% 0/,nlijance In,vel FTZ*ImTIevekIO

C./reht/n' £/*ereound Uereclnd VaJe dtl de Se

I S.*IM/asuls I
846o /0 980 2&406 4 10 DUO

Ave'. ..lums I 970 898 87 33 806 4 20 000

h Thm etinat. 5 11,eser< w#etherlhe meractin *ct Ispelentcrnct

c. 1•easuer=tlt = 24, Measulement= Lo•,erlncear b Mandbuhrflane OM PA)

Plg810 Page 12
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Measurement10 - 25, Measurement = Frankfort Horizontal to Mandibular Incisor (FMIA)

bl™*-CO.1-0/ Cout/thif

95% Confkknce Ink,vel F Te,twilh Tle 41u,0
vake I dll | m Sig

Slge Memuls fl 225 931 960 , 1 20 000
A.elogeeasul' 893 635 988 9$0

a Type¢btlcia=se(»Nationcodffnb us,glconshyol/miton·thetetween-me8=uleswarenceserllded flun thedenorninatrvaiiance
r. T,jestimakx isthe.me, whallertheintelec emoct 0 -sentor not
C lealuremen*=25, Mellum,t=Flnke,IHareantalblandibubr!slrelliA)

MeasuremenUD = 26, Measurement = SNA

*ticks'Gor.1#01, Co@,fic:nf

95% Inke In////1 F Tltwfa nue ValueO

Vake dill | d12 5,[q

:==1. 1 1=1 E95| 1000 431415 4 | 20 000
1000 432&415 41 20 .000

Ix/ly mndom dects modelwhele beth people,lachend measures efec# are,andom

8 TWICAteclaF©ddat#Accencienbustge¢Osbbxydefklton·theteh/ennwlweverancelseloded #rwnthdlromiltrvamnce
b Theeslimaklithes,Ine.wfherthein*,Nbne,lect'pre/ntof.t

Measurement]0 = 29, Measurement = Upper Incisor to Frankfort Horizontal

'tackass Co.*-0, Coe/1*-f

Intmdess 95*Confealce lnenral FTest,TRIVe* 0

U-,reaund Vallie d" | 412 Sig
I Sng./.lull 979' .929 397 279.1{9 4 1 20 000i All,I'-suies 1 §£6 .987 279.109 4 I 20 cm

T.%04/y/ndomefecs modellrhel bc*h ploplme#2ct, Ind measullenectware mndcrn.

8 Type Cintl,classccf.dalinceflblnts#/0/accllker,c, dem,EJan·thebet-en·me=elrlal=bexcluded/lmlhedenomlnet/lanell.
b Tbeamiliristfiame.diberthembictbndtispesentcrnot

Measurementlo = 30, Measurement = Frankfort Horizontal to Nasion/A-point

•t=.33=Cor,-10'coe,fic-f

Intac#ss i 95% Conajence:In#-1 F Test with True Vake 0

U-reound ¥0.Jo dll | 412 S,g
s•,4 misu= 1 608 415672 4 I 20 .00051 = 1 000 418672 4 1 20 Cm

Twlily,endom efecls Incdelwt,ee toth people/flacts ld me,sullinlcts,reregam

6 Type Cinclasscorrator,ccelfth,tuy,lgacy#kencyddintic,hthebehleen-mea,Iemiiallb=cluded flmuldenomirek,rvark,nce.
kTNI calrn,bris thesame 111/herthe k,kractbnett bpment Nnot

Pell 19 PB' 15

MeasurementID = 27, Measurement = SNB

Int.™cbss 95%(k„fclence Inerval FT=t,AITIeVal/30

Co-tal' tekereound Uffoer Bound Vakre 01 d12 61,1
S#bldeasums 33F 196 1.000 5804931

AFer8ge)*!as,Iles 1000 99 1.000 5804931 20 0*ID:1 20 -
£.471-cm efkc s modelwflerel.011, Qvoub -chand measurele#2* are,arKJOI.
a. Tne C atacial corelatccemcient us,gl collelylititn le teken·llwre larlanceis edE. lun BIMnomlnetrvarhne
* Thealimaky isthe. In# wt,etlerlhe In-ctbn ..t h ..entcr not.

c. NeasummentID = 27. Measurement =SN B

Measurement10 = 28, Measurement = ANB

Int/ck= 1 96% *ce Inka,al F Teat MS Tle Valu,0
1 O=,clation' 1 1.,p•er eaund Upp.8.und Valle dll df2 S.

Am | | 976 959 84&216

596 1 = 84&215

rMI-, rand/n *acbs modelwl,era r,IN PNopee™cksand measules Irects are random
a Ty,lentedallnumcnccefklentus,giliss®lyddmiton·Olmellmeasuivalnes!,sludedllmledenininak,ve,ence
 Tlestirna/Jrlsthes,me< whetherthe.&n efect & presentornoL
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CBCT(12) Reliability

MeasurementIO = 1, Measurement = Blporionic width (Po. Po)

ht,•:i=.Cormlaicn Co,Ilk:knf

1.trackass 95%*reenceln-al F Test/*Tlev/lu/0

LIzereound B# dll | de ™
S#'Nea:Ues E97| 1000 685&073

A'eagelieasur/S 1.000 29 I 1000 6858.013 4| 20 .000
Tvo-nirandomelfac g modelwtact,th ceor*tenectond mneasur=elbberecardon.

a. Type C hheclascordatif cceffdent, Mt, I consil:ncy derbltbn·thetehwes·measure var#nceis e:Wded from theder=ninatr¥arnce
b Theestlaatx Isthes,ma. whetherthe intelecan -ct h prese,tor not

c. -@sulementl[ = 1. Measuer-t = Bi:arbncwel 1-04

MeasurementID = 2, Measurement = Blorbital width (Or ·Or)

h•-*ass Comlio' Coellk"'f

=yd ril-'0' FTestlth TIe Value 0

de 1 SIg
5%&/easules 91 974 999 787891 4  201 000

06 1 000 782789 4  20 | 000
k™Qay,andull *c imodeliemboth,=,pben,chandmeasulese:rh*teleandom.

a TWIC*taclaIccrelationcce;flk,nbus,lgacorishkncydemltbntletoti.ee,hme,su,vahncalseck,del,flnthed,naminablnang
b Thcestimak,r e thes Inc. ilther the in-ctm 'llt b gled, not

c. -sulementID = A Misueleni = Be l widn, (Or-Or)

MeasuremenUD = 5, Measurement = Blgonial width (Go . Go)

'tgac-'Colle-o Co.,mci,»f

=2.
95%Conmenceinnle, F Telt with TrueVek,e 0

Li//reound Up,er Bound V..18 4/1 | 212 W
Er .908

1000 1.000 1000 11227.604 4 20 OCO

TwcM.ay,anom efecls mule,whee i *11 peopleellects l/ measuesenectsale Indom

I Ty.Cinbec55©crreitcncce'lftent, using•con=bencydfinman·thetleteen·,1*:asulanencehecludellon#ed/Illrabllince.
A Th• "rnall, 13 Ihesam, wlleth,i #,5 mt:racton emct M petentornot
c MeasummentiD = 6 1*/asulnent =Bg,nal wdth (08- 00)

MeasuremenUD= 4 Measurement= Palatal width (l,16. U6)

Int:ack-Coir.Ik,Ii>"Coe,fici-f

Inlaclass 1 95% Confdence 11,FM/ F lest wlth Tfue Vak,e 0

Up, 801. Vale d,1 da %
Sjgble'u= 1 97801 .925 937 264 629 4 1 20 .000

261 .987 1.goD 264.6 4 1 20 000
Twbwer Indom ellecks Incdel wl,el toll, pecrieeecls and millues ellects ale Inoorm.

8 Typ,Cinvidesscorifitticoetentssuang,cwnsbency definti=the heue=ireasue mdiwi h =cluded famthedenon,Inabrvamnce

c */su.men/[ ie. I.lulernent =pa/tall.,h (06- U6)

PB/1 Pgge 3

MeasurementlD = 3, Measurement = Bicondylar width (Co - Co)
A -Gcom,Bion Co-,clae

96%©=lnmencelneval

CX,-to' L//ar eaund Vekle 011 1 *2 SIg
St"Measuls 697 1000 8333966 41 20 ODD1 15 1000 1000 8333965 41 20 000

8•owaY random dects modehrhere Loth ceole *ctsef mea/rl ellacts ale random

e. TKI C mal/353 c/ldetG coelkiente es,y a c,aillmvy defbltbn.t beh-,nelsumvelbnce & e/hdell rran 11 *INnin,lr illence
b Thceslimal) is the sa me..vt,elher 01 inbillan eMact h presentor not.

c Maaimmentl[=3.-suernant=Bicondybr.00(co-ck®

Measurement[D = 4, Measurement = Bicoronoidal width (C - C)

Int™clissCorplaol.Coall:af

95% Ccoldence Inlerval P TesttthTNe Value 0
Cor*Natu' | L/F/80/0 Uncereound Value dn df2 SIg

A'erage la,sures 1 1=1 740374

1000 I 1000 7438374 4 | 20 000

b Th,estimaS isthesan, whetherthe inb/1/cin efkcl K p,=entor not

C MeasuemenUD = 4 Measuement = Blcollealw,dth (C-C)

Measurementl] =7, Measurement = Anteror cranial base (S. N)
•tlms, Corulatiol Co/83;kif

'nhe¢,0. 95%Conaje™:elat¥el F Testwth TrueVIke 0| zz: 1 **i °'.Bound Uperecind Vakle dn (112 SC
502 .974 99 79719 4 20 X0

797 193 4 1 20 000
Tic-¥ :1ndomefbcts mole!•tee lioth Deaclegflacts and measulaeodle,e mitcm.

b The/51[matwisees//c,whahertheinkrectbnefle/ti/plentlflat
c weesulemencD =7. Measulement=Ane.orc,ane,ba-[s-N)

Measurementlo = 8, Measurement = Maxillary length (ANS - PNS)

*t:ackagg ColiA¢10. 40+Id,If

95%Conmence'Men FTIMARTruevak/ O

Cllattl' | Mier Bound U..8aund Vekle on 412 SIg

*0..wi= 1=1 .02 1.000 2719&51 4 20 Cm

2719861 4 20 000

c.easummentl/=8 leasurernant=Maxll,aly,mngm(ANS-PNQ

PE,8 2 PIB4
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MeasurementID = 9, Measurement = Mandibular length (Co - Pg)

li™j-scomlatkncoelfdle

Int™chas 96% brd,nce l-knral FTe:IMMTIeValueo
value 611 /2 S#

S*9' Me'lucs .'e 169 1.0® 1823036
1826036 41 20 000

8 19peCAtOdmscadatlancommlcientse,geoullencyclerailbnthle,beNeen·r™:asulevarnollca:ded flmlheden/minaervalece
b Thoestimme Ismes,me, wfaherme in#.actm ait h Kiese,Itcr not

c. lea.ul/menID=9.Mels-mlent=Mandbuilleffp (-FW

MeasurementlD = 10, Measurement = Mandibular corpus length (Go - Pg)
"ack ss Com**c Co,flk:i,af

"nt-c. I 95%00,Irrlence,rrk,-1 F Tell NUM Tle WIMO

Ct,-kn' 1 Loierecund Ulerel,IM valua dfl £ Siq
Sh/*elluls 931 973 599 7828
A.3,15"..=It Ega + 906 1.000 7018

n.own, re/dom ele' s modelwherebc¢h Deopbermctsnd Ineasul/ *= ar®,and/m.
8 1*,e C ntecla c//elaticn COMdenS Iis e cons,1/0//detairlbn.,te tet/celnealle vatence M mc,lded km Ihedenornin,kr ¥allancel

c. //sulern/WO = 10. Me,asuler-t =Mandhbrcolf/Ag,th GO- Pg)

MeasurementlD = 13, Measurement = Anterior facial height (N - Me)

mt//1/- Con/Intio Commc//F

In#.1.13 95%©onfeer,einr.01

Low/reound *cerecurd Va),8 d11 .Q %

1 Sh# *S= 1 Salb 183281 4 20 000
1 A.a=-sue. 1 959 .998 1.000 1931181 4 20 000

1wllylodomenect, flfgwhel l ath peorierects and meesulle kt:Ble,anjorn
a T,reCIntracias:ccr-trln ccefilenks Lrl,lgacanshkncy deftntlon.tte behiee,hmeasue l,inr™ & etcluded ion tlederion,Inabrvalnce.
b Ttle*Inallfi,thesalne. whetherthe-ctbnettlsplesentornt

MeasurementIO = 14, Measurement = Posterior facial height (S - Go)

•tcaaa- Colro-o, colifici.f

95%(P,rder,In*81 FTethTRIVIM 0

U=era.* Va,5 M | de Sig
IS'91/1le.Ull 1.000
1 A..9.....les 1.=1 = 1 010 3/2169 4 1 20 000
Two- ardomek, mcdelwtfele b¢th peoplee*ectl end meelull e Ne¢IS al Indcrn
• Type Ciallaclallccrratu ce=flte•,12 usinglconse,enc/ de,intlc.th=bet,Be,wmeas,e Im:ce b excluded torn medenornil,8kr,·orence.
ti ™, drnebril the same. wllether the In#mcten enact Is D esent crnat
c Mees./men:ID =14 1/easulement= Alerk:r ice, he,ght /6 -Go)

P/95 PA/7

MeasurementID = 11, Measurement = Upper fadal height (N - ANS)

Intrac'sm 96% Con,ne- 1*ral F Test la True Value 0

<k.Nah» lf„88//0 Vake dll | de Sg

32=11 1 £03 1000 303&825 4 | 20 000
999 1000 3028825 4 1 20 000

rilry Inck:m a,kects morle,wtel tah reonl efactiand measures eects am random
e Typ,Chtmcialiccraattlflavelhz*glconshlt,mthitun·thebel/Enmusumvirenceise:™ded flmmed:nciinativerhnce
b ™testimark,thesame,/fethermeineleclle*cll,resentcrnot
c Measurementlt>=114|leesurement=UD©eradallight(N-ANE

MeasurementID = 12, Measurement = Lower facial height (ANS - Me)

••™*iss Cormlaoon Co,./..f

95% 2*2 Inb)11 FTeetwilhTlevalue 0

Uppereound Valum (111 412 SIg
Smgbl,leasull 1 00tyl 998 1.CCE 1311&168 4 1 20 000
AverageMeas,les 1000 I 1000 1.000 1311&168 4 | 20 000

k)-a, /1/In teG £ mode/¥mel both peophs//185/nd measures /Ic# aleranL]om
e Typelbtedaiscor-tencltkienme,gicull*ncyderbilbn.Xtetelfin.,Imwreverancsls/chdalrunlle,lrominatrmience
0 11//stionabr Isthes.n' whether,he ink/ct. eect I cre.entor lot,

c. MeasummentID = 12. Me,surement = Lo. er faclall,IUM WNS - Me)

Measurement]0 - 15, Measurement= Mandlbularheight (Co -Go)

Waia=co/0-0*Goe/,Icllf

1 Intaclass 95% Conmencemb.1 Fl//MMT/eve//0

C./Teht/' Lower,ound Up//8/und vehe dn df2 5iq

i S.....ures 970 930 £O *1973 4 1 20 000
Avell,Neasures 998 251973 4 I 20 000

T-way mndom/flecs mell™lwhee k*h weolleeflacts au measulle fiecisare random

A The e*irnek.t is the /me, Ahether thet hhacton eket b pclent crnot
c asulmen:1 D = 15 Measurement = Manditubr heght (CD- Go)

Measurementlo = 16, Measurement = Interindsal distance (Ul - Ll)
tat'll'&.Coll,tio'Col"B'lf

Inticke  95%(forderieln"-1 Frestwill, TrueVekE 0

Upper 8.* Ve& dn d,2 giq
Sh# =.= 889 1263829 4 20 »051 = 10*10 1281829 4 20 000

b )/eUm/loristhe Barl. whdher the ractn dbitispelentornt
c Ill/as'eme/tID =16.Measumment=Ing'ICAId/tal=01 - Ll

Ped Pa,8

L8



MeasurementlD = 17, Measurement = Facial plane angle

INg=&.1/40/flk*'f

95%Ck»,rd=ncelneval FTestwith Tme i lue 0
Carelatk.' =he dll dt2 Sk,

S hg b MeasuresAgegeljam,res 1 - 1497190
Nolay rendom Mectl modelwhe,e 1 c*h Beope /0.ctsan rreasurelell=ct5 arenndorn.

a T,pe Citeclls cyclation ccemcients le,g l consbely d=flilb:Ate tetw,elmees,le,arhnce Is e=™ded ilorn Ow:denconizr yarbnce

C Measurementle=17,/.surement=Fachip./.Ingh

Measurementio = 18, Measurement = Angle of convexity
htlcbss Cof/d/acn co.mci.nf

Intacass 95% Ocnlkience Interval F Testwum Tie klueo

Uplareound VaJe dfl .2 S#

| f..%....r:Il | r,7 0
1.000 345%85 41 20 000989'I 9•2 996 345 386

mol/, Indom ellects mcCelecebom pcopbefet,Ind //Isule, *cks Ire mncom.
a Type:Chtldalical:lat,cncceflcienti usgecons *5rtydefil11*n-11@ete,Ve/Ime,sulearl,nceil=dedtrom thedencminabla,ence

c. -suremel,UD = 18. Measulemellt = Allge d c,Imlly

MeasurementIO = 21, Measurement = Upper incisor to Nasion/A-point

»*lackls GII=»I Codlicklf

Intmclass 95% Confilere Intql Flbst with TrM Vai 0

Cor,-thn' L™.ereound .ME... V,lue d /12 SIg

I S.05 M=suls ./ E92 88 983 4 20 000

.961 959 88983 4 20 .000
Twble, IndomeMel $ n™elwlee k*h peoule #Bct Ind measue  Hectsarerandom

8 TgreCinhcasslfljtoncldflbntlusingeconsbl/ncycS,flnlion·Blebeh,/en. measuennance lexcludedilm thedenommetirrierhnce
b ™,limek,rlsthesamm,whetMerth/*MIOnefectispesentornd

C. Measummenl D = 21. INA,uement =Uppm mciscr 41 Nasi n/Atatt

MeasurementID = 22, Measurement = Lower incisor to Nasion/EB-point

Mit- coral.Go, cofic=f

95% Cilder.Inknral F Thst,Alh True:Vok/ 0

UMer Bound Vale M | #2 Sq
29 .811 593 91918 4 1 20 000
'89 983 999 93% 4 20

Twc-vey Indamdk, Incdely,hee k# reopleelect end measuescriectlare Indcrn.

8 T¥02 0 [ntreciallcole#ttn adfleptp ulinga ccrectencyde intion·ttebah,reen·mea,le 1Iilar= b exduded Irm 0,=denarnlnabr,rerbnce.
b Tliees:ine»rdstiesarn*w,ertebkracbn/*ctimpmenlornot

Pigeg Page 11

MeasurementlD = 19, Measurement = A-B plane to Na-Pogonlon

brissconals,onco,MIN'f

Intmch=S 96%00/Iden[/Ink.val F Testwllh TIeValue 0

Val- 011 | d!2 0
S#Mees'.8 sep %1 £98 E6151 4 1 20 000
A-,geMeasuRI €97 988 1000 E6151 4 1 20 000

AIRE¥ ranclorn e' s mod,1*"eloll, peop'/fmctsand leasurele:N,ct arerandom
a ThICatedasscl-tbnclegkienbulbglccekliydemmin·thetet·lmllvarancals=lmded frcwl,11'IIne-natINarnno'

c Me/sufeme.WID - 19 Mies,Irment = A-8 r• ne b Ne·Pcimti

Measurement]O = 20, Measurement = Interlncisal angle

./ack- Comelst' Co'Miclaf

lA#b. 95% Cknkence In,2,41 FTegIMM Tme&!00
Vallie Oil 1 0,2 S#

Sth Weasues 933 598 87913

A'emge *asuies 597 988 1 000 297913

a Typelhticlass€x],EM]on©[Icientlushleco//baryde<bitbrthe,En.mlmsuevarhnceisertded#Imtheomnon,Inabrvarante

MeasurementlD = 23, Measurement = Mandibular Plane Angle (FMA)

11.rac*-Ccr.at»'Coalici,+

Intmclass 95%Co,enceln»n,al

(r.-tcn. bwereound Upper 80!JI V8kle dn dr2 Siq

 9/ measures .ge@0 .961

Uemg™ealues ,£TE 993 1000 525§90 4 20 000

TI>ve¥ random /*c 3 medal 'rl,em MA /INef**and measuesefiadsareinjcm.

• 1*Ke C Int.aclasscorteltencoefflimes)*rlgi cavek,lcy.knatic,,hebiNeen-meam m Inance acclur// 1/In Ihldenominallfwar»,0/.

t The /511//bris #escril /*cer the */Iclbn efIt I p.sent arnal

c MeasuemanliD = 23. Me surement =Mandlbularptane Angl, F•A)

MeasurementiO = 24, Measurement = Lower Incisorto Mandlbular Plane (IMPA)

Wrac,-Colot.tio. Coamcialt°

Intacla:s Fmstwltr,TrueVI,BO
ve* /11 1 N Se

Sm®NEasues wrp .907 20 .000

Aeage =easu es 95 98 X89 20&371 4 1 20 .000

c HeasucmenUD=24, Measurement=Loderlnckort,Mandtuhrflanee,PA)

Pag. 10 Pige 12
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MeasuremenUD = 24 Measurement = Frankfort Horizontal to Mandibular Inclsor (FMIA)

lb'*35$0018110.0 809"Elf

95% O-fitr,[rt In'..1 F Tat #th True ValueO
Vake dll I 412 Sig

Sh,bl,leasues 981 -0 £86 17402 4 1 20 000
E80 174.552

]10...yranrlom eec :modelwhel/bc*1100®eMe'lend measureselicctselerandom

0 T,pe Cbtlealccrclationccemclent listglooMisencyderbitbn.thebelweerhmcallevarenceiser);ded from thedlnominak,vafnce
b Ree#mak/'tltel/*whelberthein-clbne'ctlpresent/not

C *23*tWrentID=25. Meesu=Ent=Fcanter,Hollonklblatibullrindsor/*M)

MeasurementlD = 26, Measurement = SNA

•*ack," Coml=onComilfuleaf

Intrac"= 95% Cnfrknce Inkrval F Test Idth Tmevalue 0
C..lat*' Linreound Vakle dill 012 Sig

Srge,Neesues 92 986 29 1374.090
A-age)...res 899 597 1000 1374330

TWo•ey endome,ec i modellherllath Flophenac,send m=sur=efke arerandom.
8 Tle: Chkclan ccrliation cae*Sents Leklg e cons:k ncy clenlilbn·the bseen In gsulc iliance is €==ged from the denominabrwaf nce
a Thees,mat, i,thess,n whethertheihe.clbn lect b :resentor not

Measurementio = 29, Measurement = Upper Incisor to Frankfort Horizontal

Int=ct=Co,r.latio»co.,ncia.f

Intmcizs  95*Confdence/nawl Pmes¢Ii#,TRIVII,0

Up,=Bound Va)je

6@,gi deasuie / 3781'I 927 97 272505 4 20 000

Al/,PMeasuls I 98 .987 1000 272505 4 20 000

Twcllymndomenects mcde,whel toll, peop,meicts ind measuestifectsallndcm

e 7,Pe Cinllaclas,cor,cktclcce,fkents,saconsee.gdelinRicrthebelweeM-ue,anale elauledtom hedenarninstvach,¤t
A Thm "mabr m th, same wjether 11,e melacton efecl & pment ornot

Measurement][ = 30, Measurement = Frankfort Horizontal to Nasion/A-point

btradis Gorrelatio, Goemci,of

95%Conmancell,er.01 FTI Tieveke o

Lowereound Uppereound Vale dll 1 -2 ag
1 Sir* M.lures I 9980 .02 1000 255*)76 4 1 20 000
1 Avegg/Me=esl 10,00 .99 1000 255376 4 | 20 000
TwcM.a, mdomeMeca modelirtel bc*M peo,le/Nects end measullemxse,mndam.

s TypsC Intlace,scclcutll coem:Im e ulingl conshk,ry dchnRIorlth=betleelmellue Inarte b crcluded flm thedenammal,1 Mth nce

Page 19 P.ge 15

MeasurementiD = 27, Measurement = SNS

Intel'=
95% Cleance Inlyal F Te91 Wth TIe valuc O

Cor,lat*' L£-r Baund urper 80,rn,1 Vakle dll 0,2 slo
SbghMensues 9# 979 41 20 000
AFIgallees,res 999 507 1000 1009113 41 20 000

Tal,a™30,1, e*ec s modelwherebcth cell»enlkend measums elets ae,andom

a Tnle„tallccrelatonccenclentuaqlc,Mabqmfltbn·thernenasulvarenceisexcuded f,clgemrominak,vamle
1 Theestlmablstheshon.wtledler theinbaclen eflact & Br//ent / Iint

c MeasummentID -27,Ne,sulerimt =SNB

MeasurementlD = 28, Measurement = ANB

lit.ch@.Cormlic.Codli,f

Int.2ch / 95% knfdence Inka,vel

la.er Bourd I Up//reound Value

F Tesha Tle blueo

61 1 d12 Sla
S#gbMeasues 9* 97 550 618241

28 24 1000 618241

Page14
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CBCT(9) Reliability

Measurementl[ = 1, Measurement = Biporionic width (Po · Po)

th/=:Ass Cor.01*on Coelfham/f

1111//*. 96%0™1[c-In*.1 FTestmth TmeMM 0

dll dn Ski
G#....... 9* 971 98 716129

999 585 1.000 71G 129 4| 20 .000

k>:Il rendomefl= incdelwheltioth mor*.ellbtlnd illull/blbarelldcm.

I T,pe C *tmeass corelation coemcienb uskig a co.lency defklilbn·the tet....sule ./Ince is ./*ded 1rcm thedenomineer wa< Ice

D. Theeslimaw isthe=Ine, whetherthein-abn ekt b rra=tor not

c Me=rementID 1 1, Maasuemenl - ei,ofbn welh 90 - Ro)

MeasurementlD = 2, Measurement = Biorbital width (Or - Or)

Intraw&scormla/0.Co,mil,if

Int/ch. 96%¢0,rd=nce,rknial FTestw¢th TilleIl,80

Vh'* dll | dn Sig
Sk,bleasuls 9<* 993 1.000 S0CEB97

Abe,1ag/*/sules 1000 989 1000 30087 41 20 .000
Imlly random efill morlelwhele t,oth ,:e,41+, /*,*and measure:se:ecsallandom.

a DpIC#t/class/crelationccefll/b .el.Ins:lencyd/filln.thet-g-·me,surevaranceiseck,de#om thed/nomlnek'warbne

b Theesbme. elhes,In'IM'Imein-clun cect' crmentcrnot.

c MeauremenID=AMesuerneit=Biort,23!Ilidther-04

MeasurementlD = 4 Measurement = Bigonial width (Go - Go)

Intmcla/ 95%Confilence Ini,nial Flbsiwlth TI/ValleO

Vah d/7 1 /52 S#

Sn#Mel"/sAralilsums I '85 1
569 1164 268 4 | 20 .000g97 1000 1164 288 4 20 .000

1Wcvmyrandomeflece model *mea both peocleellac# a,d me,suies clf=t,a.elan®m.

I leasuernen#D .4 ./.Ine,t=B#In#I/*lh(- )

MeasuremenUD = 6, Measurement = Palatal width (U6 - U6)

htc,:la-Coillio.Coe/fic.of

In#class, I 95% Blmence Intrvel FPE/BTru/Vak/0

uerecl. vae /11 I m Sg

A./*i..Li:.. 1 51 984 £80 672636 4 20 .000

04 10[ID

Tw>way Indom efecls Inodelwhcl bolh ©cuplmem:ct: Ind measucielfects are,andorn.

1 Ty/Cinkrfs,ccne&.tkJncce#lb=ntsusingacans=kncydennl,crhtheteteerwneasu/lrlancehe:cluded //rn eedenoroinsbrverhnce

c Weasuemer,110 =6 le./urement =Pa//1.v/lh (ul- Um

Pgge 1 Page 3

Measurement10 - 3, Measurement = Blcondylar width (Co - Co)

•tal:-/Cor--al.Coal!/*

Intmch=S 96%02/Men......1 FTestwlh T,uIV211,80

Colelatlon' kier Bc,ind LID©er Bouno  lue | dll | 412 0
Stghieasies gay 07* £0 80&462,

A,erage//sul= 689 996 1.000 805462 20 000:1 20 ODD
e. Type C ht. da= ccrelation caefficiellb listga collsel ncyderbitbe tt beheen mensulev0mn,a ls e=c,dell run Ilid,n<Nninativalnea

b Theeslimatx Is the samA wheher the in»ra ki/k/t b pre/ntcx nol.

c. Mea=men#D .1 -suem.1 = alcondy,wth (04 - 0®

Measurementl[ = 4, Measurement = Bicoronoidal width (C - C)

btrl¥/ti= Cormlatkll, Co/Akl,lf'

Intr.*= FlatwithTIeval- 0

C.elatlon' Lf.ereound 1 Uppereo,md Vak,e dll | 412 k
S#"Melums 597| 1000
A-age)=asures . ocr 1000 I 1000 8174163

c. Measuleme11O 2 4, Measu ememt = 8ko<noijal wum (C- e

Measurement10 = 7, Measurement = Anterior cranial base (S - N)

1,t=XCI= CO.Tainc Cown:i.Of

ItmcI= 95%(onmencalnler,ra¢ F lasidth TrueVake 0

Oy.-tbn. Low/reound Upperacun Vale dn de %IS.9.-9- 1 £*EZ° .583 1 000 5625 4 20 oloc

1 Ave//*...s I 1000 9% 1 (81 186826 4 20 000

Twom¥ iandomdects I,ujdir®B Loth De:ple,flect alld me,sue"*d"le,njorn.

c Measue./M) =7, *261,ement=Amerbrcranl,Itede(S-N)

Measurement]D = 8, Measurement = Maxillary length (ANS - PNS)

htljll Gorilk>, Coelfloi-'

Intmdas=
FTestw.11,TrueVe0

<Ir™ht/n' L£..Bound U-.Bound vaJe df1 422 Sig

I S.g/Nleasuls .895 '.000 4189 790 4 20 cm

1000 999 1.0(JO 4189790 4 20 000

c easuemer,110 =8 MeaBulement = *axIMr,ler,jl 0NS -PNS

Fie2 Page 4
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Measurementlo = 10, Measurement = Mandibular corpus length (Go - Pg)

•*ock»s Comlaccl Coefl-.f

=2&· 1 1**TU,
klue dll d12 St

f Test *th Tle Value 0

Singh Measures .9599 /96 1 1 000 4267,062

999 1.000 4267.662

10>ey,ar,dom elfecl mccletv,Mle both ceok eflactand mi=ur=efects Irerandom.

a T,pe:Chtldellcarelat,coedknbus,Occonshencideknon·lhetet/=Inleasurelarnels/rk,dedflum thedenomin,trpe,ne
b Theestimator'sthesam*wtleth/mein-cteneflactbDIes/tornot

c IsuranenUD=10.*eesurement=Mandbuarcupusklgthel-Pg)

MeasurementIO = 11, Measurement = Upper facial height (N - ANS)

b/=/ass Cormlation Co//faa.f

Int.Ic/ss 95% Confekenice Ink:n•al FTe,tvdh TNevalue 0
Valle afl  012 SIg

Sk'easues .g# 682 1.000 2608637 4  20 000
Aelage-alle' 1000 41 20 000

To-y random ec i mcdelwhembol peopb efiectsand rnmesule, i Macts arellom

8 Type Chtldes=corelatbnccd,cientlus,glconsmblydefillbndbelken·measurevarIncelserhded funtedencininetrwarbno
b TMestimaN/these,r,4/Mhere,el,5/b/ 6/t' pr=entarnot

e Meellne-UD=11.Measurement=upoertacalteght(N-ANg

Measurementl[ = 14, Measurement = Posterior facial height (S - Go)

latmack=corlationcoum.60,9

In.clas, I 96%Conmence,Inlm,- F Test MUTIeve 0

Ulppereouna ./le dn df2 SIA
Sh* */sums sge) 87 1000 1656 734 4 20 000

9991 988 1 000 1655 -34 4 20 OCO

Twplay,andom/*c i madellhel both peogleelacts ind me=u'leojectsale,amom.
e. Type C Intraciasscorrehtel coe#flent: 11=Ing scarablencydelinRi»dlebewee,wnellu t valierlf het:duled fun Ihedenorninebrvarince
b. The est,mek,1 is se same whetherthe hiractbn efect e 9/sent arnal

c Measulm-tID = 14 WIurement = Posbu •acel he,M (S - er)

MeasurementlD = 15, Measurement = Mandibular height (Co . Go)

*traclass Coa-,10, Coemckof

Intal*=
95%ConMenceiner,•01 F Mt,Illith Tru, Vake O

IATS.trm' U..8/und afl 012 %

GAME-su,es 20 .000

Aeag'Meas- 963 9B 57716 4 20 .000

e. Ty,e C int,actass/crieht.=11 cceelite,b usingecanshency deflnllon·lhetetwi=1·m=cle Irian,/ hech,del  f ©m th,delanirlbmmnce
A The es,Imleur it mi sarne. wl,ether the mieracton er*=t is p=en, or nc

C Illeasumme//0-16.-asulemen'=Marldibularheght{C'-Go)

Pge 5 PG,87

MeasurementIO = 12, Measurement= Lower facial height (ANS - Me)

•#*/Co-lacn Co,nk:le-

' ==emnceln...1 F Tell with True Value 0

Value $1

Srge ./sues 1000¤ i | 1 000 1633001 41 20 000
A=290 'easuBS I 1000 1000 1000 16053001 4  20 000
00-way landcm /12cts mailwhe,e lah ceo< -ciand miasule,dkxt Imindorn
a T,peC :tgale I.**'co'Int, u.*,9.cons:elcy#elilb'·t' t.#..meas,Nev..... e.*ded ill #,ed'nommall vaf'le

C. M==ureme,%0= 12, Mees,ment =Lovenadaf heght(ANS -Ne)

MeasurementIO = 13, Measurement = Anterior facial height <N - Me)

'tr'*Il Comll". Co,flk:i"P

Intracbs= 96% 01ence In®,val F Tet Mth Tme F lue o
Ch·elaten' LoAereound VA. d,1 do Slq

S.gereasums I BEP 26 1000 5531.13,6 41 20 000
AF/grMeas,les 1000 999 1000 5€1.136 4 | 20 .000

e T,pe liteclaw coridatkn ccemcients ustg a collss,ency def,„tbn·the bet*ealmelsule nrunce is gruded lium thede,laminal, vatence
b Theestlmab,isthesin,Ywhetherthmink:railtndkxtepresent/noL

¢ IeasulementID=13.Measulement=All,tracall,e,te,-1,el

MeasurementIO = 16, Measurement = Interincisal distance (Ul - Ll)

Intlacla= 95% Confilerte Inln,1

Ckrre=en. ted/reFund U.eraou. Vehe 1 dll  d,2 Sig

1 Sn.3 M.lures 588/ .02 1 000 2502304 : 41 20 000
1000 260217 , 1 20 000

Twlle¥ r,ndolliec l mldel wel t,oth ocoplelf=ts and mee=ullekt:afe random.

c Ill=IMIND=16. Mlesurement=In#khles#*611)

Measurementlo = 18, Measurement = Angle of convexity

FTestwill TRIVIe 0

Co,reft:.' Lower Eound Urrereound veke dn de S#

I s.gle'lasull 8900 967 20 000
A//*glle=ues 995 04 1000 622761 4 20 .000

h The /888/is th,same,whetherthe kleracton efectis pesent or//

c MeasummentlD=18.Ma,sule.Tent=Angledcon/0,r

Pe/6 Page 8
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Measurementlo = 19, Measurement = A-8 plane to Na.Pogonion

95% Oanldence Inewal

Vake afl de Sig
Sk.Messucs 1 58159 995 1.000 %846

970 289 69&846

a. 1*e C htmciass c,elatic ccetients using l cowls #Sency defhilblthe tehwan·r easumvefiance# cr Uded ficm Ihedenominetr al nce
b Theestimatilithesalne,wtherthein,eleclolelect,flaltcrnot

Measurement]D = 20, Measurement = Interincisal angle
•6%/bs/Gor/lamonCo'uki••f

Int™c/ 1 95% Oonfil=,Ke 1/8/val FTet-BTMValueD

Dation' I lf-.reour:,  Uppereound Vak.m M dn Sig
sh/b//0311/1 971 89 7,leiA-ge)-MTII | | £95  1,083 715621 4 | 20 Om

flo-y Indom -ch modelwhie both geopbe,Elind measues elicts ale,andom.

e Type C AtmcIal cor.Nalk, clemlent: usllge consekency detriitbn·the Lot,eahmensule¥01*nce lser#ded from thedenc,ninebr varine
b Tteesll///Smesbme,whherthe'r,Wactbne,ect'gresentarnot

MeasuremenUD = 24, Measurement = Lower Incisor to Mandibular Plane (IMPA>

Mt=class Corm-OB Coeicl-f

95% Confilence. Ink,wl F Thst w¢Ih Trueve/1 0

QJ,-tcn. 1 W.'re'una U-le.* Vale 411 /12 R

S@,gltkaSUCS
1- -920 4 20 Mi

859 489920 4 20 03

A9/Measull 51 .955
Twl'ey,andome'c E modelle bolh peoplelficb nd measues' id:le,erdom

a Type C Intrac:lacoll=6tbm coefflk=,b u,ing e con,hncy de,Intb•,le bet/=Frn/esu e Ilience h ecluded lon the denarnmabrvalf nce
I The /*rnall I the merne, whe#,erlhe *wrectbn e'lt is p.=ent or naL
c. Measu/mentl D = 24, Memorement= U-r Inclor b landhbr Plane 0•PA)

Measurementlo = 25, Measurement = Frankfort Horizontal to Mandibular Incisor (FMIA)

ht•ack,Is CO,relstio,CO-Ickif

955(Conmefce Ink:nral Flest.Ill, True:Vak,c o

Lm-:r Bound Upper Bound Va,e d. T de Sq

IANFIs 1 9340 947 .588 37754 41 20 000
597 377514 4 20 000

Tw>wy madam enects mcdelwf,ee boll, pecgbefects end melluelerectsole rerdca.
8 Tne.Cintaclasscorlektmcce#n:entsusinglconshencydeinon.thebc**/chmeasuelarlancmhartludcd fum ttedenclinablwarbnce.
b Theestimatorislhelarne, wl,etherthekbactbleMectisp,=entc™*

c ME,uemeMID=26.le,sulemenl=FlankIME),twillblendlbulerlncl:crflll)

2%09 P@ge 11

Measurementl[ = 21, Measurement = Upper incisorto Nasion/A-point

/tr//t,ss Colm/ation Co/1/k:IMP

Intach. 96% <Inldence Int.el F Teslwltl,True Value 0

Cr//*tte' Lm/reound dfl .2 S.
Sm'bldeasums 98P 952 508 419335 4 1 20 000
Ageleasures 398 22 1000 419335 41 20 000

T,6-p lndornere grnadelwheretdl,CelledlecNIM BeasullefetRaleemldoll

e. Ty,I CItme= ccrelatirI cceken' us,gl c/slblyle,bltion t,3 teh./Illwl valnce Isacuer,fl' 1180, n,naevehnce
b Theestimah ilthes,Ine wfdhe,theinhacal eftlt i preentuld.
c Me==mentID =21, Meesulement= Upper kkor,IrlasbnA-plnt

Measurementlo = 22, Measurement = Lower Incisor to Nasion/B·point

Intacss 95%Conrdencel*val FT=twill True-u,0

Ck=rezibi dn | de si,
Stgb Hee/u/s gREP 919 | 597 241184 41 20 .000
A=ageMeasules 996 955 | 1000 241184 4 | 20 000

8 1»eC k,tacia=conillatuncodtdents uslg aconssat,lenlibn.thet*tween·m=sureveranceise/klded lum tledenominet, varbnce
b Theestima#'the. me&rtdi,er#elntmactr,ne-Dth/Mentcit.

MeasuremenUD = 26, Measurement = SNA

bte/a- Go,re-oi Goinicine

96% Ofle,telnbMI

10•,creound U.ereaund Ve& dM 412 aq
685. .96,1 20 Eno1=:=ms 1 98 1602 767 4 20 ODD

Twe™el landornded3 mod/71-3 WIM peacle/Mac Ind measue:eflectsale,ujcm.

e Typeeint,acasscc,/bt//ccem/hnesuslngecons#blydeInbo/thebeta/en-measue/,lance ke=ducjed f/,1 11,ed/nornInabrvallence
b. The =limebr Is theseme, whell,Irlic Il-ctbn efictil plment or not

Measurement10 = 27, Measurement = SNB

¥.traas- coll,latio, Coemcile

Intmel=/ F Test with Tre Vake 0

IX=tbli Lowerlound | UppereouN Vate Wl 012 R

1=9=' 1 £970 890 1 1000 201&357 4 20 000
1 o[Jo 88| 1000 2043867 4 20 000

a Type C inblmsscor-ttocca tenit u singe cons=-cy Miniu,·tfeballermeal 8 ¥aMance h )(fudel f/,n thodenomill,varac,e

& Theestir•ablisihesame. whether 11*,hb/clbne™ct kle=entcrnct.

C INsucmenID =27.Meas,Iment=SNB
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MeasurementlD = 28, Measurement = ANB

P.track/SCO-kliomcoofficilef

Intrac=
994 (A#encelnt-1 FistwthTrueVak,00

Corehtlon' La.vereound VIJe d,1 1 02 sIg

1 Sk,gbMeosuls 99/ 971 599 713.706 I Il 20 000
996 1.000 713708 4 | 20 000

8 Type C killaclass carelatk,n cemcenls us.lga clrombly delhlion bet•/el·measure ve,Ance & e=juded rm thedenarnlnetrvenanc:.
b Theest'meb,Ismeran#*teratheinhract#effectiscresento/not

c MeasuremenIO = 4 Measur=ment=ANB

MeasuremenUD = 29, Measurement = Upper Incisor to Frankfort Horizontal
A-BA=conek.tionce.fleine

Int,chss | 95% Conince In81 FT'*.*Tru'V.'.0

V.,8 1 dll I de SIg
Singe'les- 1 999 516991  ¢I 2051 =

1000 616,991 4  20 000
Twio·my random efects model wt=,8 beth peaph efects ell measulleffecb are random.

a Type/mt/clac//Taknc/lm/enbusmg/c/1/berrydgh/kn-tfte////n.///sureverencehe/luded f/mthed/nominevale/ce.
b Theed!/Itrisheman·L/In/0/Inb/ctkneictispresemornot
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MeasurementID = 30, Measurement = Frankfort Horizontal to Nasion/A·point

**pal®Corn.-01, GO#libito

Inta//53 96% *meence !11/5,val FlestmmTrueVILIO

Ctrl#lion. #I/'BOUnd Uppelecurld vakle 0/ .Q Siu
S.91,1-sures Bep 973 20 760617 4 20 000

999 995 1.000 760617 4 20 000
ip/,A¥/ndorn«*c imode/whe/thh//0/40#tiandme/sue//elfecaerandorn

4 The=t,maer [sthesame whelherthe m-cton elle=t h pre.enloinot
c. MallummenIED = 34 Measumment =Flinldin Horion:al loSEA-poht
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CBCT(6) Reliability

Measurement]D = 2, Measurement = Blorbital width (Or - Or)

'tr2... Col=le..(I"In'

Intrac'. 95% Oanfkknce 1.6,val FTestwaTIeValue 0

sk,ge...suls -ats -=4 1 62 54
£99 671134 41 20 .000A.-gel.easule)  86 974 , 000 67&134 4 1 20 000

;Ill¥ mndcrn ekts model.Irl 1£*b cecohell,ct,and Incesu= c,ect: le random,

a TypeChteclasscordationccdlk,entsum/0/co//bblydefilitbn·tlebet,4,0- measu/warnnce/sathdedJIntheder,omInatrvarnce
h Theetimah f lhes me. wh,ther the in-clbn /Imt b Dresentof not.

Measurementl[) = 4, Measurement = Blecronoldal width (C - C)

•mch. Cormla«c,1 C<»fricenf

Intracks, 96% Conaienco Ink,vam FTest.thT.eval.80

C.'Net#' L'war Bc' / V.ke I ,*1 1 W S.

Srge'lasies 9, 781 691 78816

AIragel,le,asuns 17 955 559 78815 4 1 20 000
1.0-ay lankmen= 9 modelwheraldh ropkeectiald measufes /ktalerandom

e. T,pe¢ mtacla= ccrelammccetrinb us#a conshkrydermitbn.tie *heen·mee=revaren,s cded fmm ttamuminakrwarene

C lees,Imentl[=4.Mleasulement: ed/INJ,jeh•*nh(C-C)

MeasurementiO = 8, Measurement = Maxillary length (ANS - PNS)

mt'a/,/Co../.0/Col'lici,af

Intlacia= 96%Confdence Ink'll Flbstwlth T"Vak. 0

1£]wera,und Up,e.Bound Ve# dll W 64

1=g"'*4&:S I imjr
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999 1000 1,861.97 4 20 000

Twlwly randomemcts mall wi,el talh peopleelects end memulseffect,am randorn.

a. Ty,eCInt,aclasscuratbncoefft-susingacansber,cydellnhon·lhebeh•/ilneaml Irlence e eclurled tom kedenomInabrwarance
A The /5:Irnebr 1, Nelame, wlemei llpe 1,45/ctbn dEt is peeM or nc£

c Meesuemenl D = 4 leasuament = Ma)91[aq len,h BNS -PNe

MeasurementIO = 10, Measurement = Mandibular corpus length (Go - Pg)

h.t..-Co.reWioaGodlic.-

Intmclass I 95*Confklenceinbenret F Test wilh True.Vek,e 0

Uccer ec'. Va# d„ .12 %
Sk,/ •4=-

01 .957 47&307 4 20 00¢

47&307 4 30 000
rveve, Indomeflecs mode,whee =h peop,lefects end measullojec:Baleindern

a Dge C Intracils coraaten ccefltents using/con:bk=y deInti//the between·measue Inaric= b excluded /¤m the der/minnt//ram le.

I ..asulmenOD =10 Me.'remant=landibularccrp. mn#pr,-Pi

Pmel .29/3

Measurement10 = 6, Measurement = Palatal width (U6 - U6)

95% Gnlence In#.11 FTe:t/th TrueValul 0
Melatm' l.£-r eaund Uppereound Vale dll df2 SI:,
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1943-¥ landcrn eftll mcdelwhele tdh pluel l,chilld measures 9*2 ale,andom

e TypeC/tmcia=/cr/la".=#nluglcon'b#./.lite'llt/*.....reva:...../de f.meldenr.inall'le'll
b Thee.tima/ b the / me. wflaher the in-clba de,t & pres=tor not

c. easu Iment,D . 6, -su itmer,1 = R Wal wea 0,6- us)

MeasuremenUO = 7, Measurement =Anterior cranial base (S - N)
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Oc.elation. Lc..Bound Value dn
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4 The 'stimakJr Is the . m< whether th' inbactun effect 6 "ment . noL

C leasummenUD= 7.M/sulment= Anlerbrcmnel base,(S- 11)

Measurementio = 11, Measurement =Upper facial height (N - ANS)

tat-&as,Golldill Codll:11*

Inteelas/ %%*re-Ine* FTest,TIeVekDO

VC•,e dn dQ %
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7/Gley,andome'cbs rrddwhee Lcth /20010/11,*. and me=u=sellectsate,andlm

h Tie ed:Inebr & the same. whether the In-chn ente 1, p elent ornot
9 M eest ement, D = 11, 1,!emulement = U pper ac,1 heighi Qy -A NS)

Measurementl[ = 12, Measurement = Lower facial height (ANS - Me>

btacIA,CormINBICIWBIa-

Int/cbss  96%//Imm//IMARI
F Te*thTrueveIe 0

Cbmeaton' 1 U.wer Bound U='eound Value all | OQ go
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Avem/Nes,les 20 000

b. 1 =irn'kil #/seme w.ell./. le/ton *ecl b p../ ./

c Neasumment!0 = 12. Yeasurempl = Loueracal heght NS-Me)
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MeasurementID = 14, Measurement = Posterior facial height (S - Go)

*h¢-s Cocm]*on Co,m=-.f

96% Cbnrdence In,/nial F Test with TrueValum 0

Va- dn d12 sk,
Sh/bwees/cs. A,er,ge *a... 51 /2 £8 53052 41 20 .000

993 1000 634962

'...4 random elects modelwhere bc*h peope -*ond meesurete,ecks lie random.

I. T,pe C,Amaa, cc,dation cce,licients le,gle<wlencydelItbn·the behie=wneesule vamalls eell,dell fon lhedellinaervai'nce.
a Thme5tlmato, isthes,ine whetherthelnteclim 'ect a prise,ki not

C MeaM,ementle = 14, Measue/ent = Poierlor hcal helit (S- 00

MeasurementlD = 15, Measurement = Mandibular height (Co - Go)

h#//hts Con,12/on CO/lfkcle/f

Int,Cl. 95<C»nrdencelne·val FTatw#Tic#Io

O:1,-bon' Lo,er Bound Uncer eoull 84 2  d/2 Sig
St/1,1//sull 871 €56 984 43765
Arage-asules 317 920 £87 4786

TWO-, randarn eatc 2 mcdelwheretoll, plop®efeclsand mlesummeff,clsererendom

e Type¢htmciassl/btuctdenbwkeeconsh-,cyderbitn·ttebeh,eer-meesuDvarenc,13®:™ded flm#delmllbrveranca

* Theestimalor ls,he.arn/, wlaherthe in-ct,/ *.t b cresentcr not

c NeasuremenUD>=15.Measurement=Mandhvhrheght((l-Go)

Measurement]0 = 21, Measurement = Upper incisor to Nasion/A-point

Intmclass I 95% ammelie InLIMI F Test *th TrueVI 0

LAerecind lala dfl 4/2 Siq
Sgb#=sules

-1 977
20 000

bbllyrandomenects mojelwel tda plcpllefet, end measuese Nectsale,8/cm.

a Ty,c Ciallaclall/cnebtto cceratents uslnge///sh#0 definten.the bet/een·=asuc unence herjuded 1£rn Ihed/nominabrveri re.
& Th, et//bris Ihe same. whether Ihe deracton eet Is p//ent ornot

c MeasummentiD =21, leasul-cnt= Uppl hc,5Jrb NasicrA·pc'

Measurement]0 = 22, Measurement = Lower incisor to Nasion/8-point

ht==:al,Correlalio,Co,Mic-F

Int/class
95<Con/encelne,¥81 FlhstINTIe VakeO

Lower Bound

I S'g'-suls I 9855 .948 998  386321 4 1 20 .000

Awl.* *asues I 997 .21 1.000 M6321 4 20 .000

T.>Mey I ndom eflmcts modelwte= 1 c¢11 peopleeMects and m easues eMeclicm endam .

8. Type CInt.mclminfum cceflbent. 11=•gaccnibencyddirli=Allebet.feerwneasue iliane b idiaf un mide=ninabrwarmicm

b The ed/IW Is the san, whether te bbectbn efet i, pment / nd

Poe 5 Page 7

Measurement]0 = 16, Measurement= Interincisal distance (Ul - Ll)

Intrl/th=Con=on Go/mcillf

Intrac'= 96% Culldencs Intanrel F Tesl w']th True Vale 0

L£»/reoul,1 Uppereound Vok,e df) d/2 S#

 SINeas- af 586| 1000 5481.074 41 20 000

A-gekasures 1 000 599 I 1000 5481.074 41 20 000
TIMI¥ random -c s rri©delwherekth ceor,18*bead measuleseleds ale,ardom

c. NeasulemeD = 16, Me=sullment =Intgncealdance Qul - Ll)

MeasurementiO = 20, Measurement = Interincisal angle

"tr.wt'.Corn,100/0, coemciF

Intracbs, FT=IMilt!,TnreValueO

Lfiereound Uppereound Vakle dfl €112 SI,
Smgbleasuls 99-- 96& 1000 1711282 4 1 20 000
A'=ge Measles 89 598 1 000 1 717.282 41 20 .000

Tkwayrandomell,c :modelwrle.k."ople*ects/ndmeasule.,Mects....on
a T,peenhclass lationccemoentluskgaccr//*3nc,de,Inltin-thetler-elen.measulavanancels/ludedlromthedenominalorverlance
b Theestirnati istbesarn< *ta# the Int racttl ekl h Dimentorrot

c. MeasummenliD = 20.Measu,Iment =Inljlkalarge

MeasuremenUD = 26, Measurement = SNA

-=cla=Com,1,(io/Cc=ficiw.t°

56% Clmfulm-)1'19-1 F Thst 1,111, Truevall O

Lower/ound Up,=Bound Vale MI I &2 5IQ
592 .986 92 g 906 4 1 20 0001 ZZ:==11 .8 20 000

T-Ryindom/ti*s mode!.Ree lath Dive/firt ind measueseflictiarerandom

8 T,pleCintlacasstrmltcl codfl,It usingaccres),ncydell,rlicr,-ttlebel.reenmeasue,anance I excilded tic/lhede:rninebrverance

b 'Ire eslimellrls the seme, whether the 41/actbn efact / p/ser,1 or n t
c MeasummenliD=23,Me.urement=SNA
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