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LINEAR AND ANGULAR MEASUREMENTS FROM PLAIN FILM

CEPHALOMETRY, 3DCEPH AND CRCT

Abstract
by
GABRIELLE CHE LING CHAN

The advent of cone beam ccmputed 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 (Cranic), plain film cepha-
lometry (Ceph), three-dimensional cephalometry (3DCeph),
and CBCT.

Sixteen linear and fourteen angﬁiar measuremants
were taken using Cranio, Ceph, 3DCeph, and CBCT in &7, 67,
and 127 field of views (FOV) from five dry skulls. Cranio
values defined the “gold standard” for linear measure-
ments, and Ceph wvalues 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 FCVs. 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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DEDICATION

To Tony and Micky Discenzo:
You were good friends and neighbors.

You are in my prayers.
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INTRODUCTION

There 1is 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 dimensiconal 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-



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
cemputed 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
expcesed 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

2%) shades of grey, where 0 corresponds to black and 256



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 200C4).

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 1is usually a charge coupled device (CCD). The CCD
sensor uses a netwerk 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



a phosphor stcrage 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, envircnmental friendliness,
reduced radiation exposure, image manipulation, storage
and communication. Reduction in working time is espe-
cially noticeable with CCD systems where the image 1is
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 conventicnal 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).



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 hay 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).



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 radicographs 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 wvisualize 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



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 thé
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 freguently 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 cephalcometric films. They wanted to see how



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 measuremént 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 stil; posed a problem.
Five examiners (three orthodentists, a dental radiclogist
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 freguently. 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 feor the landmarks Me, Gn, ANS, PNS and LIA. Land-
marks with significant vertical displacements included Po
Or and Gn. However, only the landmarks QCr, 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-
theodontists 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-
diocgraph 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.
So 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 asscciates (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 11i.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-dimensicnal
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 lo-
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 Heorizontal 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
cephalometryﬁ to these 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 lo-
cating landmarks had similar standard errors and preci-
sion. However, the investigators found the dry skull lo-
cation for condylion was 10 mm medial and slightly for-
ward from the three-dimensional cephalometric position.
The dry skull pesition 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 ilden-
tified within 2 mm of the metallic marker. In general,
landmarks with well defined geocmetry exhibited the lowest
variability and highest accuracy.

Adams and coclleagues (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-dimensicnal 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 traditiocnal 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
infermation 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 ocuter 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 1s 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,
beones 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-dimensiocnal 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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crdinating 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
resclution 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 1is effortless with volumetric scans. The me-
siodistal length and buccolingual width of thé 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 alsc visible
(Hatcher and Aboudara 2004). CT images can elucidate the
location, long axis and roct 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 resclution 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 scat-
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
siice thickness were developed (Vénnier 2003). Computer
processor speeds and memory reguirements for three-
dimensional data have also impeded the clinical use of
volumetric imaging. Assuming each voxel requires 1 byte,
a volume of 1000° 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 256 or 512° 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 tomegraphy earlier in 1917, stating
that an infinite series of two-dimensional images taken
from different positions can recreate a three-dimensional
object ({Helgasocn 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 woculd 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-secticnal 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 cone. 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 cardiocpulmonary system. Motion arti-
facts marred conventional CT images of moving systems be-
cause 1t tock too long to capture a velume. So the first
CBCT scanner was designed to image an entire three-
dimensional wvolume 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 abproved 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 intc the traditional cephalcmetric,
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 twc-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 cocne shaped beam in CBCT
uses x-ray emissions more efficiently than a fan shaped
cne. 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 {(Mczzo et al. 1998).

In 2002, Cchnen and fellow investigators showed that
the effective dose from CBCT was between those of conven-
tional CT and pancramic radiography. Head phantoms with
thermecluminescent 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 ccmpare CBCT and con-
ventional CT. Effective doses for conventional CT were an
average of five times higher than forlCBCT. 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-
cgraphy 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. S5kin 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 uSv for the panoramic, 17.6-656.9 uSv for the
maxillary CT, and 124.9-250.3 uSv for the mandibular CT)
amounts to 145.4-916.8 uSv (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
radicgraphs 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
protocels. 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 resclution of three-dimensional images tc 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 Qas 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 gecometrically accurate.

Kobayashi and co-workers (2004) demonstrated that
limited CBCT was more accurate than spiral CT. Distances
from the alveclar 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 wWas
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 ccnsis-
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
cn 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) alsoc examined

the accuracy of CBCT images. They compared linear meas-
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urements of the temporcmandibular 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 of 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)f



STATEMENT OF PURPOSE

Cone beam computed tomography is becoming popular in
the orthodontic community. The gquestion 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 cra-
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" ficld 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 dif-
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 .

Since Broadbent first developed the cephalometer in 1931, cephalometrics has
become an integral part of orthodontics . Cephalometrics allows orthodontists 1o
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 fr.om landmark identification
79 These errors persist in digital cephalometrics and errors in landmark location re-
main comparable between plain film and digital cephalograms '°. Distortion and
magnification are other factors to consider.'" 2,

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 6,
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 !”. New cone beam computed to-

mography (CBCT) scanners can capture an entire volume in a single rotation '*. The

first dedicated craniofacial CBCT machine was developed in the late 1990s '® and by
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2001 the FDA had approved their sale in the United States '°. Software tools allow
the clinician to separate tissue layers and view hidden anatomy *°. The volumetric na-
ture of CBCT scans lends itself to creating three-dimensional models of patients 2!,
[mpacted teeth, temporomandibular joints and other structures that are ordinarily dif-
ficult to visualize with conventional film radiography are revealed with CBCT imag-
ing . By manipulating individual anatomic parts, predictions of mandibular growth
and surgical simulations are possible 2.

However, few studies have evaluated the accuracy CBCT images. A couple of
studies examined resolution, distortion and noise **%°. Others have examined geomet-
ric accuracy !> 2%, In 2004, Kobayashi and co-workers 2’ 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 *® 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 > and for measuring the depth of caries *°.

So the question is, “How does CBCT compare with accepted radiographic
tools used in orthodontics?” The first objective of this study was to compare cra-
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-
lection of skulls was based on the following inclusion criteria: 1) intact human adult
skull; 2) sufficient dentition (> 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 MercuRay™ (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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= \/(xz _x1)2 +(y2 ’J’;)z +(22 _zl)z
where / is the linear distance, and x, y, and z are the landmark coordinates. Angular

measurements were calculated with the Cosine Law:

a’ =b*+¢% - 2bccos 4
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 1/100® of a millimeter and angular measurements were cal-
culated from landmark coordinates. All measurements were adjusted to account for
the size of the 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/ 100" 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 *!, 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 ﬁl;n; 2) Image Type: 24 bit color and 3) Resolution: 150 DPI. Scan-
ning was petformed 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 . 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-
lated from landmark coordinates.

Cone-Beam Computed Tomographic (CBCT)

CBCT scans were taken with the Hitachi CB MercuRay™ 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 1 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 L1/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 mm,
but CBCT(6) rose again to 0.76 mm. Mean differences for Palatal width proéressively
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(IZ) 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



42

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.
Afier 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 fadiographic 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 '® 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% %. In contrast, the results of this study showed Ceph meas-
urements tended to underestimate real values. For Bicondylar 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 '®. 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 * and the second looked at caries depth in teeth *°. 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 2. 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 3 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 '° showed that Po, Ar,
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ANS, and UM were more difficult to locate with digital cephalometry. Bruntz ' 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 Frankfort 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 rotatidn 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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3DCeph corrects for projection errors, but provides no advantage over plain film
cephalometrics for midline structures.

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

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.

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

and craniometry do not compare as favorably.



47

REFERENCES

1.

10.

11.

12.

13.

Brennan J. An introduction to digital radiography in dentistry. J Orthod.
2002;29:66-9.

Hatcher DC, Aboudara CL. Diagnosis goes digital. Am J Orthod Dentofacial Or-
thop. 2004;125(4):512-5.

Wenzel A, Gotfredsen E. Digital radiography for the orthodontist. Am I Orthod
Dentofacial Orthop. 2002;121:231-5.

Halazonetis DJ. From 2-dimensional cephalograms to 3-dimensional computed
tomography scans. Am J Orthod Dentofacial Orthop. 2005;127:627-37.

Farman AG. Applying DICOM to dentistry. J Digit Imaging. 2005;18(1):23-7.

Broadbent BH. A new x-ray technique and its application to orthodontia. Angle
Orthod. 1931:1:45-66.

Baumrind S, Frantz RC. The reliability of head film measurements. 1. Landmark
identification. Am J Orthod. 1971a;60(2):111-27.

Baumrind S, Frantz RC. The reliability of head film measurements. 2. Conven-
tional angular and linear measures. Am J Orthod. 1971b;60(5):505-17.

Perillo MA, Beideman RW, Shofer FS, Jacobsson-Hunt U, Higgins-Barber K,
Laster LL, Ghafari JG. Effect of landmark identification on cephalometric meas-
urements: guidelines for cephalometric analyses. Clin Orthod Res. 2000;3:29-36.

Chen YJ, Chen SK, Chang HF, Chen KC. Comparison of landmark identification
in traditional versus computer-aided digital cephalometry. Angle Orthod.
2000;70:387-92.

Bruntz LQ. A comparison of scanned cephalograms to corresponding original ra-
diographs. [Master’s thesis]. Cleveland (OH): Case Western Reserve University;
2004.

Schulze RKW, Gloede MB, Doll GM. Landmark identification on direct digital
versus film-based cephalometric radiographs: A human skull study. Am J Orthod
Dentofacial Orthop. 2002;122:635-42.

Grayson B, Cutting C, Bookstein FL, Kim H, McCarthy JG. The three-
dimensional cephalogram: theory, technique, and clinical application. Am J Or-
thod Dentofacial Orthop. 1988;94(4):327-37.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

48

Bookstein FL, Grayson B, Cutting CB, Kim HC, McCarthy JG. Landmarks in
three dimensions: reconstruction from cephalograms versus direct observation.
Am J Orthod Dentofacial Orthop. 1991;100(2):133-40.

Dean D, Palomo JM, Subramanyan K, Hans MG, Broadbent BH Jr., Moullas A,
Macaraeg O. Accuracy and precision of 3D cephalometric landmarks from bior-
thogonal plain-film x rays. SPIE. 1998;3335:50-8.

Adams GL, Gansky SA, Miller AJ, Harrell WE Jr, Hatcher DC. Comparison be-
tween traditional 2-dimensional cephalometry and a 3-dimensional approach on
human dry skulls. Am J Orthod Dentofacial Orthop. 2004;126(4):397-409.

Hounsfield GN. Computerized transverse axial scanning (tomography). 1. De-
scription of system. Br J Radiol. 1973;46(552):1016-22.

Mozzo P, Procacci C, Tacconi A, Martini PT, Andreis IA. A New volumetric CT
machine for dental imaging based on the con beam technique: preliminary results.
Eur Radiel.1998;8:1558-64.

Vannier MW. Craniofacial computed tomography scanning:technology, applica-
tions and future trends. Orthod Craniofac Res. 2003;6(Suppl 1):23-30.

Harrell WE Jr, Hatcher DC, Bolt RL. In search of anatomic truth: 3-dimensional
digital modeling and the future of orthodontics. Am J Orthod Dentofacial Orthop.
2002;122(3):325-30.

Enciso R, Memon A, Mah J. Three-dimensional visualization of the ¢raniofacial
patient: volume segmentation, data integration and animation. Orthod Craniofa-
cial Res. 2003;6(Suppl 1):66-71.

Nakajima A, Sameshima GT , Arai Y, Homme Y, Shimizu N, Dougherty H Sr.
Two- and three-dimensional orthodontic imaging using limited cone beam—
computed tomography. Angle Orthod. 2005;75:895-903.

Maki K, Inou N, Takanishi A, Miller AJ. Computer-assisted simulations in ortho-
dontic diagnosis and the application of a new cone beam X-ray computed tomo-
graphy. Orthod Craniofacial Res. 2003;6(Suppl 1):95-101.

Araki K, Maki K, Seki K, Sakamaki K, Harata Y, Sakaino R, Okano T, Seo K.
Characteristics of a newly developed dentomaxillofacial X-ray cone beam CT
scanner (CB MercuRay™): system configuration and physical properties. Den-
tomaxillofac Radiol. 2004;33(1):51-9.



25.

26.

27.

28.

29.

30.

31.

32.

49

Yamamoto K, Ueno K, Seo K, Shinohara D. Development of dento-maxillofacial
cone beam X-ray computed tomography system. Orthod Craniofac Res. 2003;6
(Suppl 1):160-2.

Marmulla R, Wortche R, Muhling J, Hassfeld 8. Geometric accuracy of the New-
Tom 9000 Cone Beam CT. Dentomaxillofac Radiol. 2005;34(1):28-31.

Kobayashi K, Shimoda S, Nakagawa Y, Yamamoto A. Accuracy in measurement
of distance using limited cone-beam computerized tomography. Int J Oral Maxil-
lofac Implants. 2004;19(2):228-31.

Lascala CA, Panella J, Marques MM. Analysis of the accuracy of linear meas-
urements obtained by cone beam computed tomography (CBCT-NewTom). Den-
tomaxillofac Radiol. 2004;33(5):291-4.

Hilgers ML, Scarfe WC, Scheetz JP, Farman AG. Accuracy of linear temporo-
mandibular joint measurements with cone beam computed tomography and digital
cephalometric radiography. Am J Orthod Dentofacial Orthop. 2005;128(6):803-
1.

Akdeniz BG, Grondahl HG, Magnusson B. Accuracy of Proximal Caries Depth
Measurements: Comparison between Limited Cone Beam Computed Tomogra-
phy, Storage Phosphor and Film Radiography. Caries Res. 2006;40:202-7.

Baumrind S, Miller DM. Computer-aided head film analysis: the University of
California San Francisco method. Am J Orthod. 1980;78:41-65.

Subramanyan K, Dean D. Scanned bi-orthogonal radiographs as a source for 3-D
cephalometric data. SPIE. 1996;2710:717-24.



50

LIST OF FIGURES

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Lateral and frontal views of landmarks: menton (Me), pogonion (Pg),
B point (B), infradentale (Id), mandibular incisor tip (L1) maxillary
incisor tip (U1), supradentale (Sd), A point (A), anterior nasal spine
(ANS), posterior nasal spine (PNS), sella (8), nasion (N), mesiobuccal
cusp of left maxillary molar (L_U6), left orbitale (I._Or), left coronoid
(L_C), Ieft condylion (L_Co), left porion (I._Po), left gonion (L._Go),
mesiobuccal cusp of right maxillary molar (R_US6), right orbitale
(R_Or), right coronoid (R_C), right condylion (R_Co), right porion
(R_Po), and right gonion (R_Go).

Landmark identification screen in 3dCEPH where coordinates from
both the lateral and the frontal films are collected to generate a single
three-dimensional location.

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

Experimental design of the study showing Cranio as the “gold
standard” for linear measurements, and Ceph for the angular.



51

LIST OF TABLES

Table I.  Intra-operator error of linear and angular measurements for Cranio, Ceph,
3DCeph, CBCT(12), CBCT(9) and CBCT(6).

Table II. Means, standard deviations and frequencies each method overestimated
linear measurements compared to Cranio.

Table HI. Means of paired absolute differences, standard deviations and correlations
of linear measurements for each method compared to Cranio.

Table IV. Means, standard deviations and frequencies each method overestimated
angular measurements compared to Ceph.

Table V. Means of paired absolute differences, standard deviations and correlations
of angular measurements for each method compared to Ceph.



Figure 1. Lateral and frontal views of landmarks: menton (Me), pogonion (Pg), B point (B), infradentale (Id), mandibular
incisor tip (L1) maxillary incisor tip (U1), supradentale (Sd), A point (A), anterior nasal spine (AN ), posterior nasal spine
(PNS), sella (S), nasion (N), mesiobuccal cusp of left maxillary molar (L_US6), left orbitale (L_Or), left coronoid (L_C), left
condylion (I._Co), left porion (L._Po), left gonion (I._Go), mesiobuccal cusp of right maxillary molar (R_US6), 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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Table 1.--Intra-operator Error of Linear and Angular Measurements for Cranio, Ceph,
3DCeph, CBCT(12), CBCT(9) and CBCT(6).

Cranio Ceph | 3DCeph |CBCT(12)| CBCT(9) | CBCT(6)
r-valug * } r-value r-value r-value r-value r-value
| Bipaorionic width (Po — Po) 0.9982 0.9092 0.9891 0.9991 08917 --
3 Biorbital width (Or — Or) 0.9979 0.9956 0.9762 0.9924 0.9980 0.9896
2 |Bicondylar width (Co — Co) 0.9988 0.9996 0.9998 09993 0.9926 -
é Biccronoidal width (C — C) 0.9978 0.9983 0.9511 0.9992 0.9993 0.9284
- Bigonial width {Go — Go) 0.9991 0.9985 0.9985 0.9995 0.9956 -
Palatal width (U6 — UG} 0.9761 0.9534 0.8797 09777 0.9806 0.9971
Anterior cranial base {5 — N} 0.9860 0.9957 0.9970 0.9925 0.9979 0.9958
g :;; Maxillary length (ANS — PNS) 09989 | 09804 | 09091 | o0gu78 | o9use | c.s99s
3 @ |Mandioular length {Co ~Pg) 0.9994 0.59¢1 0.9989 09967 - -
Mandibular corpus length {Goe - Pg) 0.9995 0.9339 0.5998 09923 0.9986 0.9878
Upper facial helght (N — ANS) 0.9956 0.9491 0.9878 0.9880 0.9978 0.9930
Lower facial height (ANS — Me) 0.9988 0.9878 0.9965 0.9995 0.9996 0.9996
g Anterior facial height (N - Ma) 0.9980 0.5835 0.9995 0.9569 0.9989 -
g Posterior facial height (S — Go) 0.9795 0.9976 0.9595 0.9982 0.9964 0.9889
Mandibular height (Co — Go) 0.9790 0.9454 0.9955 0.9751 0.9043 0.8770
Interincisal distance {U1 —L1) 0.9580 0.9917 0.9903 0.9953 0.9976 0.9989
Facial plane angle 0.9513 0.8828 09736 0.9960 - -
u§ Angle of convexity 09605 0.9949 0.9956 09829 0.9904 -
Q
O |A-B plane ta Na-Pogenion 0.9792 0.9853 0.8923 09801 0.9915 -
Interincisal angle 0.8850 0.9662 0.9428 08802 0.9517 0.9965
_2 Upper incisor to Nasion/A-point {U1/NA) 0.8731 0.6843 0.9708 09362 | 09859 0.9633
% Lower incisor to Nasicn/B-point {L1/NB) (.7162 0.5781 0.8433 0.9394 0.9766 0.8846
g) 7 Mandibuiar Plane Angle (FMA) 0.8807 0.9873 0.9618 0.0887 - -
| 2|Lower Inciscr to Mandibular Flzne {IMPA) 05522 | 0.9564 | 08457 | 08719 | 0.9879 -
i Frankfort Horlzontal to Mandibular Incisor {FMIA) 0.5048 0.8364 0.5899 0.9666 09843 -
SNA 0.8565 0.9723 0.5986 0.9957 0.9954 0.9900
> SNB 0.8136 00922 0.5990 09941 0.9971 -
=
E ANB 0.9814 0.9800 0.9929 09904 0.9917
Upper Ingisor to Frankfort Harizontal 0.9130 0.0803 0.9789 0.9784 0.9885 -
Frankfort Horizontal to Nasion/A-point 0.9864 (.9885 0.9858 0.9977 0.8922 -

* Intraclass correlation coefficient
- Measurement not possibile



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 QgMeani SO % Ceph  |Mean| SD | % 3DCeph |Msan| SD [% C8CT(12)|Mean} SD | GBCT(9) |Mean| SD | % CBCT(6)
(mm) | (mm) § (mm}; (mm}| >Cranio | {mm)|{mm}f = Cranic |(mm)|(mm)| =>Cranic [{mm}|tmm)| > Cranic (rmj} | {mra}{ > Cranio
Biporicnic width (Po — Po) 118.0] 7.2Q1t20.3] 89 93 121.8( 69 100 11886| 6.9 7 1193 7.3 &7 - - -

o |Biorbital width (Or - Or) 7671 2.8Q 754| 45 20 16.7] 53 20 768 27 &0 768 26 70 768 2.7 47

¢ |Bicondylar width {Co — Co) 120.7] 7.4Q1203] 7.3 20 121.8] T4 160 1188] 74 o} 1187 7.7 10 - - -

E Bicoronoidal width (C — C) @7.2( 50§ 955 4.3 n 976l 4.5 ar 96.2[ 49 0 962 4.9 c 26.0[ 46 23

= Bigonial width {Go — Go) 954| T71) 850| 6.7 27 8962 6.7 a3 94.7] 69 17 982| 7.3 30 - - -
Palatal width (U6 - Ug) 531) 1.3] 514 i3 Q 521 1.8 10 534 16 53 53.0] 1.3 50 831] 13 63
Anterigr cranial base (S — N) 69.5| 28] 70.0| 27 70 70.0 2.8 70 887 27 30 688! 2.8 30 689l 27 27

g :g Maxillary isngth (ANS — PNS) 63.0f 37§ 538 a7 100 53.5] 4.6 90 528 3.7 ar 528 38 43 529 38 50
] & |Mandibular tength {Ca — Pg) 124.7] 5541005 50 0 |124.8 52 73 {1235 53 0 - - - - - -
Manditular corpus length (Go — Pg) 80.4 56 752| 4.5 0 89.5| 58 93 8821 5.5 0 B38| 5.9 13 887 58 17
Upper facial height (N — ANS) 506 220 £14; a1 77 52.9] 3.0 100 81.21 31 T7 51.2| aA 70 51.3| 33 87
Lowaer facial height (ANS —Me) 708 o67F 644| 65 0 B7.8; B.3 0 708! &5 ¥ 70.7( 6.4 43 7071 64 30

g Antarior facial height (N — Ma) 121.0] 4.0§116.2| 4.3 0 1194; 39 0 120.8) 3.8 27 1206 a7y 17 - - -

2 |Posterior facial height (3 - Go) e1.7| 48] 781 44 0 91.8] 4.2 53 604 490 10 906 4.0 17 9071 4.0 13
Mandibular hsight (Co < Go) 574 1.2 56.9] 2.0 50 586 1.7 100 575 14 57 578 14 83 576 1.7 63
Interincisal distance (U1 — L1} 44 3.1 4.1 30 43 46 27 63 48 25 57 48, 286 83 49| 26 a7

Fraction of measurements overestimated 4 [ 18 11 7 16 5 [ 18 5 15 4 /11

Maasursment net passible

Lg



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

Linear Measurements for Each Method Compared to Cranio.

Ceph vs. Cranio 3DGCeph vs. Cranio CBCT{12) vs. Cranio CBCT{9) vs. Cranio CBCT(&) vs. Cranio
Diﬁa?::z?;:t?mm) Comelation Diﬁef\:::;:?mm) Correlation Diﬁ:::s;:t?mm) Corretation Diffe?:::elib(amm) Correlation Diffej::::;:t?mm) Carrelation

Mean 5D r-vajue Maan SD r-value Mean SD r-valye Maan SD r-value Mean SD r-value

Biperionic width (Po — Po) 127 t] 057 09976 282t 052 09983 0511 044 09977 1%y} 069 0.9906 - - --

g Biorbital width {Or - Or) 282* 085 09134 2.33 203 0.8733 032 G.231 05914 026" 019 08977 0.32 0.24| 09906

% Bicondylar width (Co - Co) 0.38+| 0.24] 09983 1111 041 09085 1.70t| 0.23] 0.9988 1.13 1| 055 09%6 - - -

& [Bicoronoidal width (C - C) 1.70t| 082 009967 1.33 145 09216 103 t| 040 09973 1.05¢| 041 09971 160t| 108 09545

a Bigonial width (Go - Go) 0621] 039 09976 G74 t| 046 0.9984 0821t| 043 09972 0.56*| 0.38 089966 - - -

Palatal width (U — U6) 1601 048] 08267 104 1| 064 09182 041 0.30| 0.9847 0.52 0.25| 09488 0.28 0.21] 0.9644

Anterior cranial basa {§ — N} 1.21°) 065 08855 1.17*| 055 08029 094 | 085 09445 0.87 *| 088 09307 086 089 0.9054

E % Maxillary longth (ANS —~ PNS) 073t 061 0.9366 0481+ ©24| 09974 044* | 035 0591 0.28 0.30[ 09924 0.34 0.23 0.9%4

S| & {Mandibular length {Co — Pg) 15.40 t 175 09483 0.36 0.22| 09986 116 +| 0.43] 09976 - - -- - - -

Mandibular corpﬁs length {Go — Pg) 13.634| 2141 09328 0371 024] 09991 082 1| 0.55] 0.5951 048 t] 025/ 0.9986 072 *| 051 0.9906

Upper facial haight (N — ANS) 147 0.88f 08780 224 t| 103 0.9466 070t| 0.59] 0.9760 0.76 ¥| 062| 0.9666 0.94 +| 0868 0.954D

Lower facial height (ANS — Me) 640t| 284 09087 2891 103 0.9807 6.43 0.28] 0.9978 0.44 027 09981 0.44 0.30( 09977

g Anterior facial haight (N — Ma) 477t 178 0.9140 164+ 051 09921 063 t| 040 09888 070*| 037 0.9869 - - --

2 [Posterior facial height (S — Go) 13.88 +| 2.12| 0.8890 0.65 049| 0.9884 140t| 1.08) 0.9709 130 +| 103 08724 131t 087 09747

Mandibular height {Co - Go) 087" 071 0.8245 118 t| 059 09767 0.34 0.28| 0.9608 0.50 +| 040/ 09319 0.63 0.45] 08344

Interincisal distance (U1 - L1) 0.69 0.57| 0.9617 0.68 0.62| 09618 0.97 0.60| 0.8535 0.96 | 0.59] 0.9501 D.89*} 0859 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 betwaen the Methods
t Significant at p < 0.002 after Bonferroni correction for a paired t-test betwaen the Methods

Measurement not possible

89



Table 4.--Means, Standard Deviations and Frequencies Each Method Overestimated

Angular Measurements Compared to Ceph.

Ceph Crania 3DCeph CBCT(12) CBCT(9) CEBCT(6)
Mean| SD §Msan| SD | % Cranio |Mean| SD | % 3DCeph |Mean| SD |% CBCT{12)|Maan| sD CBCT(9) |Mean| SD | % CBCT(6)
() ) Y > Geph O[O > Ceph GO0 > Caph () ) > Caph (| () > Caph
Facial plane angle 90.7] 29 884 3.5 17 208 29 47 891 3.7 40 - - - - - -
% Angle of convexity 71 38f 74| 38 67 72| 36 60 80| 3.2 83 77 32 67 - - -
O [A-B plane te Na-Pogonlon 49 24) 50| 25 47 5.0 27 40 521 24 33 -53 22 20 - - -
Interincisal angle 14221 10.88141.2( 9.8 43 143.7{ B84 57 1445 98 73 143.9] 10.5 70 143.3| 10.8 80
% Upper incigsor to Nasion/A-point (U1/NA) 11.5 6.3' 8.8 5.5 23 119 586 80 10.2] 4.8 33 107 6.0 33 109 57 37
& |Lower incisor to Nasion/B-point (L1/NE) 23.1| &.5] 258 6.2 67 208[ 52 27 229 386 &0 226 4.1 50 227] 48 40
g g [Mandibular Plane Angla (FMA) 211 321 242 24 a3 20.1 24 27 228 28 a3 - - - - - -
< § Lower Incisor to Mandibular Plane (IMPA) ;.2] 64) 929 47 57 897 53 50 90.7| 5.5 50 04| 66 47 - - -
i Frankfort Horizontal to Mandibular Incisor (FMIA) 678 S0f 628 4.9 13 702 3.9 63 66.4| 5.0 30 67.0f 586 27 - - -
SNA 70.4| 35§ 808 42 77 80.9| 34 100 798| 3.5 87 801 3.5 83 800 38| 83
& |SNB 759 32§ 768 4.0 70 77.3] 34 100 18.0] 3.0 47 761 2.9 73 - - -
:&% ANB 36 16 3.8 1.7 80 36] 17 80 40 14 7 401 1.5 83 - - -
Upper Encisor to Frankfort Horizontal 10568| B84)Q1018| 7.2 7 t08.5f 656 50 102.0f 8.3 10 1031 8.6 20 - - -
Frankfort Horizontal to Nasion/A-paint 946| 4.2 2R3 50 17 94.5| 4.2 43 93.3] 48 40 93.5] 46 40 — — -
Fraction of measuraments ovarestimated 7 ! 14 T 7 14 6 [/ 14 5 [/ 12 2 1 4

Measurement not possible

6G



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{8) vs. Ceph

_Absoiute | Cormrelation }Absolute Corretation .Abso}m& .;| Correlation 'Absolute Correlation .AbSOIU‘e Correiation
Differences (") Differences () Differences {') Differences (") Differences ()
Mean | 8D [ rvalue Mean | SD | rvalue Mean | SD | r-value Mean | 8D | rvalue Mean | SD | rvalue
Facial plane angle 251|183 0.7980 13 (o9 08497 251136 07644 - - - - - -
§ Angle of convexity D7 0.66; 09691 04 031 09894 10 +]085 09764 0.8 t)0862[ 09720 - - -
0O 1A-B plane to Na-Pogonion 05 (037 096886 04 [029] 0983 0.7 *[0.52] 0.9496 051|042 0.9787 - - -
interincisal angle 44 1320 0.8657 37 | 301 09188 36*1268] 09345 31*1273 09388 25 |2.31] 09546
E Upper incisor to Nasion/A-point (U1/NA) 24 %1238 0.8827 12 (1.2 09724 241142 09322 1.7 " ]1.21| 0.9498 1.1*[0.68] 09865
. % Lower incisor to Nasion/B-point (L1/NB}) 42*[286] 07106 31*]13.08[ 07595 24 1.66| 0.8768 2.4 1.87] 0.8398 1.8 1.07] 09276
%  [Mandibular Plane Angle (FMA) 331|222 0.8553 14 *|1.20| 0.8744 29* 170 05362 - - - - - -
& § Lower Incisor to Mandibular Plane (IMPA) 4.0*|3.00| 06810 28*|285 08148 24 |208| 0.8688 23 |218] 08852 - - -
i Frankfort Horizontat to Mandibutar Incisor (FMIA) 6.1+[339] 04964 37*1298] 0589 4.4 2.88] 0.4674 4.1 3.11] 0.5365 = - -
SNA 1.6 t|1.60] 08984 15 1| 076] 09768 0.6 1] 064 09307 0.8 +{071] 0.9761 0.7 +{0.70| 09778
< [SNB 1.4* 160 0.8824 14 (037} 0.9931 05 1035 09832 05*]0.33 0.9861 - - -
E ANB 04*)|028 09738 03 (024 09703 0.5 1034 09741 04 +}028 0.9812 - - -
Upper Incisor to Frankfort Horizontal 4.3 1]3.25 06069 22 239 009383 4.0 1] 2.22] 0.9444 311|241 0.9390 - - .
Frankfort Horizontal to Nasion/A-point 2.5 +]|1.85| 0.8972 1.2 10.88[ 0.9321 22*[1.18] 08930 2.1*[1.04] 0.8878 — — —
Average discrepancy for all measurements 2.7 1.8 2.1 1.8 1.5

Significant at p < 0.05 for a paired t-test between the Methods

Significant at p < 0.002 after Bonferroni correction for a paired 1-test between the Methods

Measurernent not possible

09



Table 6.--Raw Data of Cranio Measurements.

Measurernent 1 Measuruvment 2 Messurement 3
Shult A Skull B Skull C |Skull D Skufl E Shull A Skull B Skull G Skull D SkullE 1Skull A Skull B Skull C Skl D |Skull E

Biperionic width (Po — Po) 11440 120.28] 12251 119.54 168.72 11470 129.62 122.68 118.64 109.15 11448 120.88 12239 119.03 109.37
3 Brorbital width {Or — On) 7438 7998 73.47 75.70 79.83 441 80.15 7349 76.09 80.21 74.45 79.82 221 75.72 76.75
E Bicondylar width {Go — Co) 110.58 128.83 128.20 121.58 11459 110.54 12877 128.36 121.00 114.54 110.51 128.75 128.29 121.33 11441
E Bicoronoidal width {C — C} 90.81 104.98 100.63 96.13 9353 91.05 195 11 100.24 96.38 93.39 a2 104.80 100.08 9714 9144
Bigonial width {Go — Go) 80.57 107.75 96.28 95.04 B7 58| 90.61 107 77 96 44 94.34 87.35 90.65 107.93 796,40 6543 8745
Palatal width (U8 — U§) 53.73 55.01 52.71 51.08 5298 53.90 277 52.19 5111 52.86 54.04 54.04 52.59 51.58 53.02
Anlerior cranial base (S — N) 70.47 72,80 §7.19 66.13 70.80 70.25] 7276 6759 66 11 70.63] 71.20, 72.88 67.22 65.61 7088
E ,E Maxillary length {ANS — PNS} 49.88 57.3& 48.37 52.81 57.25 49.76 57.44 48 45 5298 5713 49.71 57.47 48.34 52.17 57.01
I Mandibular length {Co - Pg) 11845  13463] 12413] 12265 12415 11839 13469 12389 12208] 12393 11843 134N 12389 1225t 12385
Mandibutar corpus length (Go - Pg) 86,15 99.68 87.20 $5.98] 85.87 8634 100.34 87.26 85.85] 88.15 88.45 100.30 87.28 85.81 86.01
Upper facial height (N - ANS) 51.89 44,64 5323 5341 o045 5193 44.50 53.20 53.08] 50.43 51.88; 44.88 53.77 52.61 50.16
Lower facial height (ANS ~ Ma} §3.08 82.77 66.66 70.56 7018 652.76 83 19 6713 7053 70.78 §2.58] 82.60 §7.16 70.33 70.86]
,g Anterior tacia height (N — Ma) 116.14 127.00 118.67 123.27 120 71 11540 127 18| 118.36 123.3% 120.78 11534 127.06 118.50 123.19 12040

T
> |Postarior tacial haight {S — Go} '90.30 95 68 87.65 96.97 86.33] 2.1 06 29| 87.13 97 7z 87.14 90.29 85.35 8.9 98.40 85,84
L% lar height {Co — Go) 57.90 55.68 56 21 59.52 57.01 57 96 56.83 56.26 58.93| 57.04 58.12 56.40 55.80 59.28 56.55
Intering'sal distance (Uf - L1) 1.61 282 329 5.15, 11.53 1.79 27 254 4.11 10.20 a0 2.13] 3.07 3.73 1044
Fadal plane angle BE.50 94.29 91.08 85.80 8565 B4 59| ¢4 90.03 85.42 B86.43 8511 94.68 B9.77) 85,23 8553
g Angle of corvexity 1.49 T.74 1270 6 39| 839 260 819, 13.02 6.97 8.55) 1.52] 8.48 12.78] 6.61 8.89
SlaBplane to Na-Pogonion 0.77 -3.401 -7.38 -5.79 788 -1.38 -3.54 772 -5.49 01 -0.96) -3.67 ] -4.80 -7.85
Interingisal ange 131.82 137.74 12734 143.94 156 65| 120.11 143.7% 133.94 147.54 15514 130.60 133.67 138.74 148.27 15434
E Upper incisor to Nasion/A-point 10.06 .90/ 14.89 10.86 1.42 15.89 526 11.31 10,53 349 18.44 712 7.66 7.95 207
@ Lower incisor to Nasion/B-point 2849 28.40 31 89 247 17.14 3301 26,75 .71 820 2386 30.25 .82 27.82 2041 18 67
'—3 o |Mendibular Plane Angle {FMA} 23.71 20,57 26 68 21.95 24.75 25.99] 21.05 27 84 22.02 2355 5.6 22.18 29.03! 22.06 25.18]
‘§ § Lower Incisor to Mandibular Plane (IMPA) 95.18 92.94 5350 94.23 87.23 103.1% 90.65 90.22 90.97 53 99! 99.47] §7.34 B3.32 #3.15 83.31
Frankfort Horizontad to Mandibular Incisor (FMIA) 58.11 88.50 50.80 63.82 68.02 50 86 68.30 61.93 87.01 6249 54 90 60.51 §2.85 64.76 66.51
SNA 79.18 83.62 8562 Th 47 7867 8249 84.68| 85.31 74.20 78.01 8057 84.04 86.56 74.7¢ 7729
- SNB 78.56 79.68 79.74 71.73 71.88 g4 80.45 79.28 7047 7352 79.87] 75.56] 80.79 71.42 72.37]
E ANB 062 398 5 88| 374 479 1.09 4.24 6.03 3.73 449 .70 4,39 5.77 3.37] 4.92)
Upperlﬁcisnrlo Frankfort Harizontal 106.29 108.75 11248 90.88 91.37 101.74 104.5% 107.99 9¢.47! 87.32 104.30 106,83 103.91 95.52; 217
Frankfort Honizontal to Nasion/A-point 8722 98.85 97 57 89.02 89.95 85.85 89 28 96.68 88 65 90.81 85.85 99.72 96.24 88.57 90 10,
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Table 6.--Raw Data of Cranio Measurements (cont.).

Measurement 4 Measurement 5 Measurement §
Shull A Skl B Skull C Skull O [Skull £ Skull A Skull B Skull C Sklil  [Skull E Skell A Skull B Shull © Skt 0 |Skull E

Bigorionic width (Po — Po) 11425 12980) 12260{ 11917 108.78 114.48J 12052 12361 119.30| 10856 114068 12987 12335 119.08] 108.71

g | Brorbital width {Or — Or) 744 8013 H 75.91 79.74 7453 80.14 1292 7600 79.60 74.43 79.95 73.12 76.07 50.09

§ Bicondylar width (Co — Co} 11049 12855 128.24 12131 114,45 11046 128.74 128 26 121.35 114.49 11055 128.59) 128.23 12143 114.30

E Bicoronoidal wadth (C - ©) 90.68 164.59 100.34 a7.09| 93.39 90,71 104.47 100 38| 96.68, 8342 8087 104 88 10045 97.20 9317
Bigonial width (Go b Ga) 9045 107.64 646 94.80 8779 8043 107.92 96.50 84.35] 87 84 8068 10785 296.27 95.12 27.56]
Patatal width {U6 — U) 5387 5491 5234 5160 52,63 53.77 54.87 52.60 50.69] 53.09 53.78 54.80 5218 51.47 52.79)
Anterior cranial base (S - N) §9.65] 728 66845 65 M 7070 69.20 7261 66817 85.90] 70.78 7037 72e7 £8.682 96.04 70.76

E g_‘ Mandilary {engih (ANS — PNS) 49.74 67.29 48.39 52.60 56 85| 49.70 57.43 48.32 52.36 56.94 49.73 57.36 48.35 5257 57.14
30 d Mandibular length (Co — Pg) 11848 134.82 123.94 122.31 123 88 118.40 13479 124.05 122.33 123.77 118.31 134.61 124.07 12213 123.74
Manditalar corpus length (Go - Pg) 86.36 1001 87.31 85.83 86.25 §6.26 99.63] 87.18 85.93] 85.49 86.30]  100.30] 87.32 $5.96 88.00

Upper facial height (N ~ ANS) 51.711 44.92 5303 53.03 50.73 51.52, 4478 53.28] 2279 50.35 51,75 44.62 53.24] 53.12 50.19

Lower facial height (ANS —Me) G321 82.7% §7.45 70.40 70.93 63.05] g2.1m 5698 70.46 7140 62.88] 8284 67.12 70.30 7059
_‘é Anterior facial height (N - Me) 115.52 126.78 118.20 123.37 12074 11540 12685 11837 123.37 12096 115.38 126.83 118.89 123.51 120.88|

= Postenor facial haight {5 — Go) B89.84 95.88 B8 23 98 31 86.98 B9 .42 95.33 88.27 B7.65] 8550 80.51 96,18 87.67 98.77| 86,22
Mandibular height {Co - Gu) 57.8B9 58,70 56.18 59 49 5712 772 56.86] 5637 59,60 5671 57.85] 56.67 56.06 59.36 56.96|
Interincisal distance {U1 — L1) 2.30] 2.9 295 388 567 223 2 333 4,32 10.10] 3.78] 1.09 2.95 2.37 10.19]

Faca plane ange 8529 93.35 90 50 8530 3628 8579 94 48 30.04 8912 86.78 86.34 94.52 90.33 §5.52 B85.38

g Angle of convexity 2.03 .97 1255 6.82 7.50) 2.52 8.48 1269 7.32 T84 127 8.78 12.30 349 pZ))
DiaB plane to Na-Pogonion -1.22 -3.53 -3 -5.14 176 147 -3.86) -1.61 -538 793 070 -4.13) -116 4.13) 657
Interindsal ande 13606  13273] 13587 15007  163.04 130561  13317] 13368] 13821 153.92 13752 138.51 13577 149.55 155.75

;!; Upper inGisor to Nasion/A-poirt 1488 9.50 10.61 12.65 0.19 15.38 9.40] 12.32] 1237 0.76: 19.55 3.61 13.30 .45 2.83)

a Lower incisor lo Nasion/B-point 2813 33_»54 2777 13.73 1313 32,96 3287 28.09 2520 20684 _ 2237 33.73 25.33 181 2289

%  |Mandibular Plane Angle (FMAY 26.16 24.15 2787 21.5¢ 24.00 24 90 2312 2853 ZtM . 2413 2350 22.26 2698 | 2038 25.18)
5 g Lower Incisor to Mandibutar Plane {IMPA) 9881 95.52 a3 59 86 38| 83 50 10217 9477 88 99 97.80 90.50 92 .36 559 B7.40 9320 92.72
Frankfort Horizontal to Mandibular Ingsor (FMIA) 51.23 60.33 $3.34 7203 7250 52 93 6211 62.48 60.85] 65.3§ 64,04 61.83 65.61 66.41 §2.10

SNA 8053 84.62 68 28 7419 7738 79,16 84.58] 85 8§ 75.45] 78 56 78.12] 8378 85.92 82.39 76,10

= ShB 78.61 60.39 8253 70.68 7281 76.04 0.0 79.92 71.64 71.88, 7.56 79.13 80.33 79.70 7202

E ANB 0.92] 4.23 5.75 3.50 4.58) 112 4.56 5.83 3.82 4.68) G 56| 4.65 5.60 269 4.09
Upper (nciser to Frankfort Honzontal 10147 107.60 107.47 101.96 BS 46 102.37 108.94 108.82 102 65 .45 106.51 103.32 109.84 06.86 38,35|
Frankfort Horzontal to Nasion/A-point 86.28) 98.10 96.86 84.31 89025 87.01 2994 96.50 $0.88 90.69 86.66 98.71 96.54 8741 8918
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Table 7.--Raw Data of Ceph Measurements.

Measurement 1 Measuremenot 2 Mezsurement 3
|Skull A Skull 8 Skull & [SkullD Skl E Skull A Skull B Skull & Skl D |Skull E Skull A Skull B Skull C Skull D Skull E

Biporionic width (Po - Po} 115.59 130.76 12348 12071 111.20] 115.80 130.66 12339 12074 110.59 115.92 130.35 17385 120.89 110.28
Brorbital width {Or — On} 7162 83.21 7148 73.01 778 .62 83.13 Pkl 7329 764 .44 82,22 71.36 72.97 71.73
§ Bicondylar width (Co — Ca) 110.13 128.15 127 46 121.12 114.67 100.79 128.14 12763 121.32 114.50 110.03 128.08 128.42 121.15 114.42]
E Bicoranoidal width (C — C) 90.06 102.19 58.29 95.48 9192 90.00] 101.81 8 18 45,49 8210 i 5039 102.07| 98.39 95.05 §1.94]
Bigonial width {Go — Go} 91.02 106.67 §5.89 94,69 87.29 80.97] 106.84 979 94.48; 87.13 91.21 104§ 59/ 85.15 84.43 86.99
Palatal width (U6 — UEB) 52.82 - 52.68 50.51 40,88 5141 52.84 52,56/ 50.44 49.54 51.30 52.99 5257 50.58] 44.67 51.13]
Bnterior crarial base (S — N) 70.22 74.13, 66.38 58.24 7130 7012 73.75] §6.45 68.00] 7136 69.94 73.80 66.22 68,12 71.97]
E %‘; Maxillary length (ANS -- PNS) 50.84 58.37 48 57| 53.81 5748 50.49 58.36 45.81 83.37 67 16 49.87 58.01 48.62] 53.79 57 46|
= & | Mandibutar length {Co — Pg) 105.74 118.92 10658 106.72 11010 105.29 115.73) 106 20 106.86 11044 105.50 118.76 106.28 106.84 110.54
Mandibular corpus length {Go - Pg) 7384 8529 7328 71.50 7455 7384 8035 73.20 71.4§ 74 .04 73.66 $0.82] FERA 7148 7446
Upper facial height {N — ANS} 5352 4613 5157 53.76 53.08 53.65 45.89 51.55 53.21 5349 53.57 45.54 5141 53.78 5319
Lowaer facial height {ANS - Ma)} 96.75 74.81 £1.60 67.89 60.38 56 B3 74.92 &1 64 §7.78 5043 o673 7461 651.10 67.87| 60.54
_g Anteriar tacial height (M - Ma) 110.40 120.80 113.29 120,40 11373 110562 12091 113.32 12043 11344 110.78 12093 _112.70 120.78 113.64
3 Posterior faczal height (S - Ga} 77.75 78.36] 7as 84.98 7532 712 78.84 Ti62 85.00 7548 7783 78.88 7360 85.15 7513
Mendibular height {Co — Go} 58.55 56 8% 54.34 59.82 5554 57.64 54.02 5445 60.01 55.87 .15 58.76 54.49 58.87 56.07]
Interingisal distance (U1 —L1) 1.56 1.73 350 3.50 9.48) 1.93 210 340 3.54 1043 167 242 347 353 8.88
Facial plane angle 88.0 94 0| 93.5 990 86.0 88.5 93.0 93.5 910 84.9 800 940 93.0 90.5 86.5
'§’ #Angle of convexity 15 8.0 12,0 7.0 85 1.0 8.0/ 129 85 85 10 7.5 115 70 8.0
Olag ptane to Na-Pogortion 1.5 35 7.0 55 15 -1.5 -3.0 7.5 -5.5] B9 -1.0] -3.5 65 -5.0] 7.5
interincisal angla 131.0 1300 140.5 144.5] 161.5 130.0] 1340 1415 149.0 161.5] 120.5] 130.0] 138.5 148.0] 1570
; Upper incisor to Nasion/Apoirt 19.5 120 13.0 15 1.5 21.0] 11.5 120 100 15 205 10.0 145 11.9] 20
& Lower incisor to Nasion/B-point 28.0 390 21.0 20.0 14.5 285 30.0 215 16.0; 15.0] 29.0 280 205 20.5] 16.5]
‘—:‘ 2 Mandibular Plane Angle (FMA) 2.5 21.5] 240 15.0 24.0 205 22.5] 240 15.5 23.0 200 220 24.5 15.5 24.0]
g E Lower Incisor 1o Mandibular Plane (IMPA} 100.0 98 0] 825 %5 84.0] 99.5 935 BZ O 93.0 B5.0 955 §2.0 §3.0 95.0] 85.5]
Frélkfor( Horizontal to Mandibular incisor (FMIA) 59.5 605 735 7085 72.0 60.0 B84.0 740 71.5 720 60.5, 66.0 725 89 5 70.5]
SNA 775 B30 84.0 75.5 775 71.5] 3435 850 75.5] 775 770 83.0] 845 75.5] 7.0
= SNB 765 765 760 720 73.0 76.5 795 790 72.0 730 76.5 78.0 79.0, 72.0 72.5

=]
E ANB 19) 35 5.0 35 45 1.0 490 6.0 a5 4.5 0.5 4.0 3.5 35 4.5
Upper Incisor to Frankfort Horizontal 108.5 1105 1125 106.0 90.0 110.0 108.0 111.5 103.5 905 111.0 108.0 116.0 1045 925
Frankfort Horizontal to Nasion/A-point 80.0 960 99.5 950 91.0; 88.5 98.0 100.5] 640 91.0 99.0 $9.0 20.0 94 0| 91.0]
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Table 7.--Raw Data of Ceph Measurements (cont. ).

Measurement 4 Measurement 5 Measuremant §
SkullA_ [SkullB [SkullC  |Skuli D |SkulE SkulA  [SkullB  |$kullC_ [SkullD_ [SkullE SkultA  |SkullB [SkullC Skl D {SkullE

Biporionic width (Po - Pa) 11593) 13052 123.38 12076 110.35 115.88) 13034 123.51 120.42 110.83 115389] 130.72 12332 120.91 1t0.80
Biorbital width (Or - O} 71.68 82,24 7184 73.08 7767 .75 83.40] 71.29 73.20] 7774 .73 83.85! .27 722 7755

g Bicordylar width {Co — Co) 110.26 12819 12765 12113 114 30 110.20) 128.24 12782 121.16 114 56 110.03 127.96 12718 121.43 114.45)

E Bicoronoidal width (C — C) 90.22 101.75 98 58 85,34 9163 80.25| 101.46] 834 95.25 91.83) 90.20 101.66 98.29 8548 gz.01
Bigonial width (Go — Go) 91.36 106.98 89557 94.75 87.20 90.70| 106.66 85.52] 84.39 87.05] 91.01 106.57 8587 9481 8720
Palatal width {Ug — U§) 52.86 5253 50.32] 49.63 51.3% 5283 52.56 50.37] 49.69 5134 52.94 52.90] 50.34 49.63)| 51.40
Anterfor cranial base (S - N) 70.00] 7411 66 41 67.99 71.43 69 89| 74.15 86.78 68.22] 71.60] 70.06 74.24] 85.61 67.89] 71.78]

g ,g Meaxillary length (ANS — PNS) 50.18) 4B.40 45.62 53.66 57.04 5041 58.11 5149 5358 57.03 504G 58.24 48.67] 53.83 57 .69
33 Mendibular lergth (CoAIF'g) 105.44 118.684 168.36 106.78 110.23 10545 11582 10649 10655 11026 10528 118.685 108.36| 1087 110.73
Mandibular corpus length [Ge - Pg) 7362 85.05 69.88 71.74 7445 Tas7 85,29 73.33 71.29 7447 73.50 85.00, 73.34 7140 74.74

Upper facial height (N — ANS} 53.87 4575 51.11 5382 53.20 53.68 457 5157 53.80 53.32i 5184 44.83 5244 53.78 49.60

Lower facial height (ANS - Me} 56.56 74.78] 6149 67.71 66.32 56.76] 74.85 Gt 44| 67.96 60.40 56.89 479 685.79 68.251 60.20]

_:5 Antatior facial height (N - Me) 11081 120.76 1286 12045 113.61 11063| 12084 11330|  120.82 113,43 113.68 124.84 118.57]  121.05 11711

- Paostanor fadal height (S - Go} 75 79.52 7330 85.26, 75.2i 779, 78.98 7349 85.22 75.26 775 738.83] 73.58 85.32 7518
Mandibular height (Co — Go} 58.07 56.65 54.42 54.77] $9.73, 58.30| 5872 §.50 59.94 5586 5844 56.74 5424 60.01 55.94]
Interincisal distance (U1 --L1) 1.64 204 340 36z 9.95 1.50 2.10 3.50 3.5% 9.87) 212 278 3.50 3.38 10.21

Fadal plane angls 89.0 84.0 935 91.0 86:5 895 $4.0 935 90.5 86.0 89.0) 950 840 80.5 86.5

§ Angle of convexity 1.0 80 125 6.5 8.0 1.0 7.5 120 70 80 1.0 7.0 120 8.5 7.5

8 A-B plang te Na-Pogorion -2.0 35 7.0 5.0 B0 0.5 -3.0 0 4.0 75 10 -2.5 65 -5 9) 7.0
Interindsal angle 128.0 134.0] 141.0 145.0 159.0 129.5 13.0 1385 146.0 158.0 1345 13390 140.5 146.0] 164.0

g Upper incgisor to Nasion/A-point 21.5 0.5 125 10.0 1.5 210 11.0 14.0 10.5 1.0 210 13.0 135 11.5 19

1t ower incisor to Nasion/B-point 29.0 e 20.0 219 17.0 205 3.0 20.5] 20.0 18.0 280 285 205 19.0 16.0]

§ - Mandibutar Plane Angle (FMA) 20.5] 20 245 15.5 24.9 19.5 215 24.0 15.5 23.5 205 21.0 23.5] 158.5 240
g g Lower Incisor to Mandibular Plane (IMPA) 99.5 9.5 83.0/° 955 B7.5 101.0 5.0 8.0 M5 88.0 94.5] 83.0 82.5] 94.0] 830
Frankfort Horizontal ta Mandibular Incsor {FMLA) §0.0 3.5 725 050 68.9) 59.5 63.5 73.0 700 68.5 65.0 £8.0 74.0 705 730

SNA 775 835 B1.5 750 76.5 775 83.0 840 5.5 6.5 77.5] 825 845 75.5 78.5]

- SNB 78.5 80.0 79.0 720 720 7.0 79.0 78.5 720 725 770 79.0 79.0 720 725

E ANB 1.0 3.5 55 40 45 0.5 490 55 3.5 4.0 0.5 35 55 3.5 40
Upper Incisor to Frankfort Honzontal 111.0 108.5 1125 1040 90.0/ 1110 110.9 1135 104 5] 89.0 110.0 112.5 113 56 1050 80.5]
Franktert Hefizontal to NasiontA-point 80.0 98.5 100 9 M0 91.0 83.5 $.5 89.0 w5 90.0 90.0 99.0| 100.0 84.9) 90.0]
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Table 8.--Raw Data of 3DCeph Measurements.

Measurement 1 Measurement 2 Maasurctnent 3
Skull A Skull B Skult C Skull O Skull E Skull A Skull B Skull & Shkuti D Skl E Skull A Skull B Skull C Skull D Skull E

Biporionic width (Po — Po) 117.26 131.96 125.58 122.18 11178 117186 13163 125.88 121.63 112.24 117.18 131.74 125.77 122.30 112.18
Biorbital width {Or — Or} 7237 87.50i 7217 7415 78.60 73.23| 88 67 7232 7421 78.60 7251 84.12 72.05] 74.33) 78.58

g Bicondylar width (Co — Ca) 111.48 126.16 130.13 122.49 115 81 111.45 129.25 129.81 122.41 115.84 111.28 129.38 130.07 122,50 115.87

E Bicoronoidal width (C — C} 91.28 10345 89.5¢ 96.37 9277 95.94 106.31 99 b4 96.43] 90.88 94.04 104.60 99.73 96.55 92.74
Bigenial width (Go — Go) 91.82 108.13 870 95.77 8851 91.74 108.10 P45 85.74 88.48 91.98 107.63 #7.01 95.73 68.34
Palatal width (U8 — US5) 53.42 53.60 5111 50.81 5337, 5352 54.16 51.08 49.80 .52.10: 53.36. 53.82 50.87 48.14 50.46
Anteriar oranial base {S — N} 70.23 74.38 66.22 67,67 71.50 59.48 7413 54.38 67 87 71.62) 69.90] 74.24 68.37 87.74 71.52]

g % Maxillary length (ANS = PNS) 50.82 57.80 48.93 53.42 56 99 5026 57.79 49.03 53 15| 57.02] 5041 58.03 48.66 53.18 57.05
=] Mendibular length (Co - Pg) 118.95 134.30 124.23 122.73 12320 118.70 134 32 12424 122.85 12419 118.51 13428 12421 122.85 123 97,
Meandibular corpus length (Go — Pg) 86.8% 100.64 8777 85.98 86 56 85.79) 100.61 8762 86.05 86.53 06.58 1004 B7 .85, 86.02 85.46

Upper facial height (N — ANS) 5343 47.20 53.74 56.31 52.72 53.94 48.9/ 53.78] 56.44 52.890 5387 47.01 51 94 56.03 52 96

Lower facial height (ANS — Ma) 61.79 79.84 64 .90 66.52 6,92 61.37 77.88 64 95| 66.47 67.02 61.19 79.92 64.82 6676 665.94]
Anterior facial height (N - Me) 114 56 12553 116.74 121.65 118.24 114.64 125.28 11686 120177 118.41 11449 125.35) 116.95 121.85 118 44

3 Paostarior fadal height (S -~ Go} 90 23 95.80 87.92 9v.52 B87.33 90 51 95.82 87 84 9744 87.28 80.30 85,49 - 83.05 97.5%0 87.36]
Mandibular height (Co — Ga) 59.04 57.78 2685 61.62 57.07 58.26 57.76 56,88 6t.42! 57.61 5818 5175 56 85 61.47 57 63
Interinaisal distanoe (U1 -11) 2.52 294 3.99 384 8.92] 2.78 2.83 3.60 402 10.22 259 296 3.63) 394 9.69

Fadal plane angle 87.88 94.80 93.03 88.50 87.82] 88.00 96.45 £3.00 89 08 88.83 89.84 95.13 853.10 88.59 £3.63)

g Angle of convexity 1.33 2.01 12.563 7.07] 8.23] 1.36 6 68| 12.62 G 87 840 1.80 744 12.12] 6.67 877
BlaB plane to Na-Pogonion -1.0% -2.97 -7.08) -6.04 -7.78 0.59) 2.1 -7.45 -5.66 -7.85 -1.12 -3.52] RAL 561 817,
Intormcisal angle 139.14 137.75 142.48 147.43 155.66 140.26 138.62 138.85 146.14 164 58 130.79 135.72 138.94 14544 157.94

g Upper incisor to NastoryA-poirt 19.06 12.31 1311 7.88 1.00 1999 10.66 13.60 11.24 302 19.73] 12.12] 15.35 10.81 1.9

& Lower incisor to Nasion/B-point 21,08 25.68 1891 20.82 18.65 1923 27.714 21 8% 18.91 7.88 19.63] 2851 20.27] 20.22] 15.21

lf, « (Mandibular Plane Angle (FMA) 20.50] 18.75 2394 16.84 21.66 2045 18.30 23.88 16.32: 2078 18.83 19.62 Z3.67 16.67] 2081
g § Lower Incisor to Mandibular Plana (MPA} 92.76 91.41 81.21 8598 89.66 90.61 92,23 $1.35 93 84 78.52 91.08 93.18 82.90 95.21 86.26
Frankfort Horizontal to Mendibular Indsor (FMIA) 68.75 68.684 74 86 67.38 68.68 .91 6947 71.76 59.84] 80.71 70.28 67.20 73.43] §8.12 72 94

SNA 78.93 8366 86.10 7733 78 54| 7913 83,70 86.10 77.23) 7659 79.24 B4.02] 85.66 77.18 78.65

z SNB 7824 80.38 8059 7355 7385 7861 8072 8041 7352 73.85 78.39 80.37] 80.22 73.65 73.71

E ANB 068 3.28| 550 37 4,69 052 298 549 3.72] 4.74 0.85 3.65) 544 3.53] 4 94
Upper Incisor ta Frankfort Horizontal 107.81 111.08 11238 §9.95 .93‘02 108.65 110 85| 11280 103.70 9613 11049 111.48] 114.49 102.68 ¥5.00
Frankfort Herizontal tu Nasion/A-potnt 8852 98.78 95,27 82.07 8202 88 66 100,18 93 30 9246 83.11 80.78] 998.35 9914/ 91.97] 93 08
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Table 8.--Raw Data of 3DCeph Measurements (cont.).

Measuresnent 4 Measurement 5 Measureman) §
Shull A Skl B |Skull C Skull D |Skuft & Skull A Shull B Skull © Skull D Skutl E Skull A Shull B Skull C Skull G [Skull E

Biporionic width (Po — Po) 1734 13177 12561 12242 11179 745 13175 12667] 12281 112.10] 11730  131.89] 125856| 12277 11234
Biorbital width {Or — Or) 7271 85.05 7211 74.35 78.45 1257 83.87 7237 74.30 T8.65 7275 86.16 7214 74.19 78.60
g Bicondylar width {Co — Co} i3 128.34 129.06 12238 115,72 111.28 12011|_ 12942 12246 115.78| 11163 120.25 120.96 122.52 115.78|

'E Bicoroncidal width (C — C) 9442 105.07 96 61 96.43 931 85.70 106.38 8842 96 46| 92.80 952 102.67 98691 96.43 9297
Bigonial widlh (Go — Go) 92.18 107.95 87.04 95 B4 8831 .79 107.71 096.95 95 79 88.20 9194 107.89 98.05 _ 85.71 53.23
Palatal width (UB — UE} 53.47 55.62 5138 50 24 51.74 5354 53.84 51.32 49.78 52.30 53.53 55.28 .22 49.75 50.58
Anterior crania base (S — N) 69.55 7378 66.50 8782 7163 f0.03 74.24 88.40] 87.1 7143, 7012 74.38] 68.55 67.67, 71.53]

:.:E % Maxillary length {ANS — PNS) 50.41 §57.73 48.72 5327 57 11 50.32 57.68 46.84/ 53.24 57.05 50.44 57.80 48.67] 53.30 57.05
3| & |Mandibutar fength (Co —Pg) 118.80) 13428| 124.48] 122.74 123 82 11888 134.50) 124.14| 12278 12404 118.61 13445 12425 12271 124.11
Mandibular corpus length {Go — Pg) 86.91 100.51 8767 85.97 BG4 ! 86.83) 100.48 87.70 85.01 86.38 86.92] 100.43 B7.72 85.83 88.43)
\Upper facial heighl (N — ANS) 54.05 47.26 53.86] 56,42 5287 53.03 47.13 5380 56.32 52 97| 54.24 47.12 53.98 56.30] 52.82
Lower facial haight (ANS — Ms) §1.35 7981 54.74 G6.44 6695 6115 79.88 4 .67 66.53] 86.83] 50.91 70.83 64 62 56.41 66.60

g Anterior facial height (N — Me) 11475 125.58 116 B3 1217 11838 114 45 12544 116.65 121.70 113.38 114 53 125.4¢ 116.8% 121.55 118.33]

2 Posterior fadial height (8 — Go) 90.46| 95.63 88.01 97 45 8737 9022 85.97 8502 97.50] B7 45 90.39] 95 66 87.08 97.50 87.32|
Mandtbular height {Co — Go) 5818 57.83 5889 6147 f_:ﬁ 741 59.23| 57.94 5582 G1.47 5783 59 26 57.64 56.93 §1.46 57.85
Interincisal distance {U1 - 1L1) 2.24 2.73 3385 384 10 07| 241 1.99 375 399 9.34 2.54 2.85 3.90 4.13] 10.211
Facial plane angle 8248 86.01 $3.01 892 88 85 83.70 G4.19 997 BG.47 57.90] 88.26 95.11 93.00 56.86 §9.20

g Angle of convexity 088 7.37] 12.49 6.79 828 1.30 6.99 12.48 892 8.38 1.73] 7.22 12.31 LR 8.16
Blan Pansg to Na-Pegondon 050 -2.75] -7.09| -5.87 -7 85 0.88 -291 -1.34] -5.74 -ra1 -1.85 -3.00; AL -5.80 -7.59
| |Interincisal angle 13691 139.18 139.31 14522 156.29] 13680 13058 138.68 144.85 15341 137.31 135,59 140.16 146.31 16137,
g Upper incisor to Nasion/A-point 18.71 11.37] 14.38 '1 0.50 615 20.51 1219 14.33] 11.62 447 2087 13.03 13.39 10.75] 253

B | Lower incisor to Masion/B-poink 2286 26.20 2082 20.63 12.83 22086 34.03 2149 16.90 17 36 20.79 28.03 2042 18.27 11.49

l—f  [Mandibular Plane Angle (FMA} 20.19 18.64 2367 16.26 20.81 18.79] 20.50 23.70 16.80 2.52 2016 1981 277 16.32] 20.23]
‘“E: g Lowar Incisor 1o Mandibular Plang {IMPA) 84 27, 80.62 8342 9573 $3.78 93.57] 56.62 84,12 04.85] 88.43 92.57| §2.56 83.03 54.33 8250
Frankfort Horizontad to Mandibular Incsor (FMIA) 7 85.54 7073 Frahl 67.98, 7531 86 B4 60.58 72.19 88 35 70.05 67.27 67.83 73.20 69.35 7728

SNA 78.83 83.57 85.85 77.14 78.62 79.04 8381 86.02 7.2 8.60 79.26 83.83 85.87 773 7846

- SNB 78.32 80.33 80.35 73,48 73.68 B4 80.57 80 42 73.61 7385 78.23] 80.48 80.34 73.64 7385

E ANB 0.51 325 9.5 3.68 473 0.63 an 5.61 3.62] 4.76 1.03 a3 5.53 3.67| 461
Upper Incisor to Frankfort Honzonial 108.62 111.56 113 60 102.76 99.02 10884, 11030 113.53| 103.49 96.64 109.97 112.24 113.04 103.04 85.90)
Frankfort Harizontal to Nasion/A-point 88.81 100.18 99.24 82.26 92 B7 8933 08 14 89.20 91.87] 9217 89.10 9.1 99.15 92.29 893.37]
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Table 9.--Raw Data of CBCT(12) Measurcments.

Measurement 1 Measurement 2 Messurement 3
Skusf) A Skufl B Skull C Skull O _ ISkull £ Skl A Shuli B Skull © Skl |SkullE Shull A Shaull B Skull C Skull D Skull E

Biporionic width (Ph—Po) 114.253} 129008| 121.856] 118799] 108.991 114.253] 129.014] 121.855| 118799 108614 115.000] 120005! 122.718| 119.180| 109.005
Biorbital width (Or -- Or} 75126 80.355] 73.647) 75.826 79.683 74.732, 80.245 73.602] 7584 79.593 74.73Z 79.978 7325 75.815 79594
g Bicondytar width {Co — Co) 108600 126683] 126.270| 119.604| 112.769 100.374) 127.065) 126660 119.596 .112.383 108.986| 127.085) 126.270| 119.580| 112750,
E Bicoronoidal width (C — C) 801441 103693 08.941 95843 92028 90.528] 104.064 28911 95833 92.035 $0.521| 103686 98.041 95848 §2.044
Bigo_ntzl width {Go — Go) 80873 106726 85.082 94.314 85812 90.500] 106,740, 95.082 93.849 86.453 90.892] 107.106 95.082 94.324 86 830
Palatal width (U8 — UB) 54.347) 55121 52126 51.344 52 890 53.856 55.3087 52176 50.958 52.880 53.584 §5.514 52115 50.930 52.916
Anteriar cranial base (S — N} 69.234 72898 8h849 86 845 70404/ 68.603 72.545 65.252 65.287 70.766 68,962 72.545) 65491 65.300 69.636;
g % Maxillary length {ANS — PNS) 49 801 57.424 47.696 52.52¢ 56.255) 49.801 57424 47.666 52 862 58,629 49.801 57.058) 47606, 52902 58.255
=1 & iMandibular length (Co — Pg) 117.682] 133.608] 122588{ 121 263| 122885 117.504| 133.784] 122812 1214931 122434 117.648) 132623 122.586] 121.356) 122.761
Mandibular corpus length (Go - Pg) 45800 89.634 88.218 B4.743 85.369] 85743 89.770 §6.218 84943 85.18 85,942, 97.604 86.216 85.324 85.326]
Upper facial height (N - ANS} 53.505 45.619 53.086 53622 50.503| 53.548 45.732 53.184 53.685 50.503 53.505) 45.732 53.086, 53.231 50548
Lower facial height (ANS — Ma) 83504| #2208 66507 70512) 70288 §3.130] 82585 66.566] 70.548] 70.288 63.504| 82208| 665970 701931  69.738
Anferior :lacid height (N—Ma] 116176  126.377) 117828 123052 119628 MH79E| 126791 117.882 123.(_)52 119628 116.176] 126458 117928) 122313 119.512]

o
> [Postenor tadal height (S — Go) 89.043 85015 85.836 85019 B6.118 88,798 95.181 85496 54.781 B5.B42| 88 573| 55318 86,810 94 745| 86807
Mandibular height (Co - Go) 58.388 56699 55979 60.035 56.604 57.918 57.052 56.067 60.049, 56.389 58.045/ 57194 55.979) 59423 56 754
Interindisal distanca (U1 —L1) 3132 3713 3.596 3393 9.575 3.455 3881 3.954 3577 9.641 3,063 3.594 4.095 3495 9.523]
Fadia planc angla 85932) 85754 90514 86463 87.030 85977 96.015 90703 &85 £4.838, 85932| 95268 00.367| 86405] 87342
a‘é Angle of cornvexity 3082 7.254 12,736 8.048 8.185 3.461 7 .645] 13109 7687 5548 3.078 8.844 12.736 6.481 7.822|
Blan plane to Na-Pogonion 2528 317 -7.349 5608 -7.33% -2.702 -3.385) -7.539 -5.701 -7.737 -2.528 -2.286 -T.349 -5 020] -6.938
Interindsal angle 133.807] 141246 143.130] 143830| 163.406 133.799) 140.301] 140.704] 143.890| 163486 133.807] 144.009] 140.130| 147894| 161.585
§ Upper incisor to Nasion/A-point 16.538 5570 9.065 10,828 3.814 18579 10.085 11.1189 10828 3814 16.551 FAF:| 11.481 6.724 3.814
? | Lower incisor ta Nasion/B-point 27.6981 25.302 22.000] 21.289 15 806 25.789) 25.625 222 21 289 15‘5_73 27 680 25.145 22574 21840 17.969
if  |Mandibuiar Plane Angle (FMA) 73.083] 19.615 26 838 20877 73.601 23.087, 18.625 28.777) 21 164 23,750, 23 228 19.417 27.036 20,822 22.194
g g Lowar Incisor to Mandibular Plane {IMPA) 89.131 59.497 A3.564 93 881 85,500 96.8683) £#8.403 84.078) 93.728 85.357| 38.886 B8 958 84.537 94.874 88.713
Frankfort Horizontal to Mandibular Incisor (FMIA) 57.786 70.883 639.147 §5.242 T0.899 80,050 70.871 69.147| 65.108 70.894) 57.786 716258 68.42¢ 64 304 69 093
SNA 77.708 §3.33% 84717 76.300 713 77.933) £3.664 84 570 76198 77.407) 77.316 83555 84 615 75,858 77529
5 SNB 76.034 79.456 78912 72.307 T2.808) 76.100] 79.674 78.613) 72.205 72.6852) 75.6853 79.828 78.809 72.256 73.249
E ANB 1.674 3.882. 5805 3.983 4.513 1.833 3.800 5857 3.983] 4.746 1.663 172 5.805 3442 4 280
Upper incisor to Frankfort Horizontal 103.973| 109.6421 106017 101352 87 404/ 106251 110671 108.443| 101,297 87.398 103.979; 107617 108.296 96410 §7.528
Franktort Honzontal to Nasion/A-point 87.441] 100072 o6 952 90.523 91.218| B7.672| 100.586 97.325 90.389 91212 87428| 100496 96.805 B9 684 91.347
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Table 9.--Raw Data of CBCT(12) Measurements (cont.).

Measurement 4 Measurement 5 Meesuremant §
SkullA  [SkullB  |SkufC  |SkullD  |SkullE SkullA_ {Skuli B SkullC  |Skull D [Skull E SkullA_ |SkullB  [SkullC |Skul D) |Skull E

Biporionic width (Po — Pa) 114.253] 120024| 122232| 118799 109.001 114264 128,619 121870 119176 109.005 114.630| 129.006| 121.485) 119.185| 108.614
o |Blorbital width (Or — Or} 75115 80.000 73641 75.0067 76583 73.979] BO.753 73620 75834 79.583 74.60t 80.000] 73.620| 75421 79.583
E Sicondylar widih {Co — Co) 108.995) 127.065] 126639 119.578| 112760 108 600 127.074; 126639 119.967) $12.760] 108.620| 127.084; 126.270) '119.976) 112.760
E Bicoronoidal width (C — C) 90.144] 103.693| 98.961 65848 92044 90.521] 103.881 98.961 G5848] 92412 90.521] 103.316) 98.941 95848| 92.035
Bigonial width {Go— Go) 80.128) 106357 95.085) $4314 26 436 90581 106.734 95.068| 94604] 86812 90.865] 107.111 85082 94324 86.012
Palatat width (Us — US) 53.856| 55.904 52.105]  50952) 52880 S4364] 55520] 51.352| 50952 53.184 54.47]  65533| 52126| 50.930| 53267
Anterior crarial bage (§ - N} B8.411 72.538)  65.133; 66414 60.936/ 89.234]  72412] 65133 666845 70.556 69.734| 72545 65401 66.287| 70043
g g Maxillary length (ANS — PNS) 49.801 ST.058] 476061 52438 55.880] 49801 S7.703| 47 724] 52902) 55881 49.821 57424 47871 52912 55.881
- & Mandibular length {Co - Pg} $18.001| 132367 122804] 121 247] 122964 117682) 133470] 122804| 121.213] 122527 117.087| 133462 1225386 121462[ 122.763)
tandibutar corpus length (Go — Pg) 868305 67672 85404 84810 84 874 84.671 99377, 86362 085135 85082 85915 g2 86.216; 84882, 85.389
Upper facial height (N — ANS) 53.172| 45618 $3.184] 12706 50.559| 53500, 45375 53.184] 53622 50128 53522] 45732 53088] 53671 50.503,
Lower facial height (ANS ~— Me) 63.504] 82585 66630 70495 70238 63504] B2208] 66590 70.621 70.285 63563 82504 66.635;  70.565 70.285
g Antenor tacial hefght (N -- Ms) 115791 126791] 117929] 122686 119610 118 1768] 126.042] 117 660] 123073 118.249 116.185| 126.850] 117.914] 123.052| 119626
s Postenior tacial height (S — Go) BBA78| 95217| 86635 95365 B6 342 E&?’.’S' 95040, B6794] 94948 86426 BEBE6] 95443 86810 85031 86.132
| Mandibular_height {Co - Ge) 58095 57347 56.020] 59.990 56.815 88796  S57.011 56.207| 59823 58.574 57818 56967 55978] 60237 56.574
Interingisal distance (U1 ~ L1} 3.393 3.598] 4.008| ALTr 3641 3.330 3713 4 095 3083 9.523 3 496 3596 3.954 282 9.523
Facial plane angle 86.183] 94.942 9(;.873 86.01t 87.023 85.796| 95.847] 90.703| 86.328, 868.972 85.797| 95737) 90.514]| 86.793] 87030
% lAngle of c;.mvexitv 3.075 8857 13:1 09 764 8.958 3.082] 7.780 13.109 7.320] 8.573 3.080 7.254 12.738 7.887] §.185
Dlag plans ta NaPogonion -2.895 2472 -7.539 -5.0H4 -7.923 -2.508 -3.218 -7.529 -5.608 -7.150 -2.510 -2978 -7.349 -6.385 7,339
Interincisat angle 131.455) 140.935] 140.704| 143.578] 160907 132.951| 139.916] 141.733| 140517 161565 131.655) 143.715] 141.733| 146497| 161.565
§ Upper incisor to Nasion/A-point 20908 10512 11.119 10.535 4-.194 17.364| 10993 10.689] 11.1%6 3.840 17.3¢4 831 10.462) SB78 3814
B | Lower indisor to Nasion/B-point 25.790| 24.669 2.2 22154 18385 27980  25145] 22 24 445, 17.733 29.276] 2430 22000 23418 17.738
if  |Mandib Plana Angle {FM4) 23.123 10.475 2712 21,148 23,607 23711 19534 26.810 21.258 23.470 23412 19.595 27.002 20777 23,601
g g Lower Incisor to Mandibalar Plane (IMPA} 96815 B88.900 B3 781 94 828 88 088 98.639) B9.080[ 84043 97007 §7.430 100.233] 88315 83851 96.178 B87.430
Frankfart Horizanal to Mandibular incisar (FMIA) 80.082 71625  69.117] o©4.027 58,304 57650  71.376 69.147] 61735 69.099 56354] 72000 69147 63,045,  65.969)
SNA 78.254) 83236 54.884 76578 77 909 71709 B840 84.884| 759327 78.020 T7709) 83.233| 84615 70.198 77.233)
- SNB 76408) 79.352] 78928 72863 73016 70.034|  80.108 78.928) 72080 73479 76.034 79570 7B808]  71.988 72.720]

5 ,
E ANBE 1.846 3.803] $.957 31693 4.893! 1.675 3.046 5.957 3 842 4.541 1.675 3 663 5.805 4.208 4.513
Upper Incisor to Franktort Honzontal 108607 110.680] 108.413] 100.449 .87.39? 104698 111.460] 107414 101.217 57.534 104.608] 108.375, 107.414 96.548 87.404
Frankfort Horizontal 1o Nasion/A-pont B7690) 100178 97.205] B9g14 £1.592] §7.305] 100467 97.325] 90022 91.374 87.305] 100054 96.852) 90670 91.249
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Table 10.--Raw Data of CBCT(9) Measurements.

Measuwrement 1 Measurement 2 Measurement 3
Skull A Skull B Skull C Skull D |Skull E Skufl A Skuli B Skull C SkullD  |Skull E Skult A Skull B Skl Skull D Skull E
Biporionic width {Pa — Po) 1145211 132859] 122139 1138.617| 108.577 114'836) 130.323| 121 871) 116.631] 108623 115.118] 130.507] 122481 119245 109257,
Biarbital width {Or - On 74.830 £0.043 73.638 75996 70.772 74.826 80.043] 73.636 75.988) 78772 74.843 80.0%1 73.638 75.684 79.772
§ Bicondylar width {Co — Co) 108956] 130.643) 127055 119238 113.63¢) 109820) 127.749] 1268420 120543] 112700 109.628] 128.903 127.162] 119.876] 113034
E Bicoronoidal width {C - C) 80.259; 103405 £9.083 85.867 92.053) 80.270] 103405 99.074 95 867 92.053. 80278 t03.705 98.782 95.867 92.053
Bigonial width {Go - Gao} 90551 108.318 95555 93.939 86,869/ 80.551] 107 180] 95.579) 95.262 87.158| 00 249] 107953 95.614 84733 86.565]
| _:Palatal wadth (UG — Ug) 53.787 54 660/ 51.727 51.745 52848 54.078) 54.052 51.721 51453 ) 52.840) 54.078] 54 962 51.712 514353 52 940
Anterior cranial base (S — N) 69 280 72877 65.563 66.029 70.281 69.025 73.t72 65.381 68.222 7027 69.188] 73120 65471 66,307 70.281
E g Maxillary length {ANS — PNS} 43977) 57512 477151 52.749|  58.248 A8.977| 57.512| 47488 52.788| 56538 40685 57512) 48048 53045 56501
3| & | Mandibuler length (Co - Pg) _ _ i - N - . ~ - - . B _ _ B
| [Mandibular corpus length {Go - Pg) 85.668] 100.800 87.130 85123 85.633 85.668) 1060.045 86.802 85.501 85.624 85.741| 100.480 86.610 $5.220 85.523]
Upper facial hesght (N — ANS) 53.463) 45.677 53.308 53.712 50307 53612 45.607 52 669 53.374 50.344 53.358 45.607 52,745 53.672 50.344
Lower facial height {ANS — Me) 63.349 82.265 §6.522 70.662 70.379 63841 82.265 4$6.813 70.051 70.425 53.600 82.265 67.103 70.662 70.425]
g Anterior facial height (N — Me) 115831 126426 118.018] 123079 119533 116,381, 126417] 317.705] 123.074] 118531 116 127 128.41? 118.016) 123.086[ 118.3533]
s Posterios fadal height (S — Ga) £5.031 95463 87407 85201 B6.543 B8 940 94.935 87.351 95,048 86.481 8?.735 95.240 86468 95185 B6.580
Mandibelar height {Co — Go} 56972 56,809 57.063 60043 56.760 53207 56.557 56.504 59.705 57.859 58 675 56,560 56.181 60.340 57.026
Interindsal di {U1-L1) 3.134 3.265 4.202 3.380 o949 3.26% 3467 4.341 3664 9.949 3 3.199 4.380 3.291 9.824
Facial plane angle - — - - - - - - - - - - - — -
§ Angle of convexity 28671 7.566 12527 8.201 8.375 2.681 7217 12.880 7096 7.799] 3,383 7 055 12 883 7.096] 7799
Slas plane ta Na-Pogonion -2.103 3.3% -1.597 -5.608 -8.030 -2.084 -3.270 -7.502 55 -7.662 -2.532 -3 785 -7.465: -5 574 -7.600
Interindsal angle 128.585] 140202 142350 144.263] 160.640 131266 413911 143.249) 144.263] 162178 125076 139527 140.732| 145378 162072
g Upper incisor to Nasion/A-point 20424 10.132 1.670 8736 2.717 20404 11.143 11.603 2281 2421 22845 11.081 12.468 7AQ0 3.853
@ Lower incisor to Nasion/B-point 25.584 25.766, 20,150 23.008 17.207 26,904 23 810 19273 22 870 15667 28.632 25404 20.924 23436 17.207,
% o [Mandibular Plane Angle (FMA) - - - - -- - - - -- - - - — -
g g Lowaer Incisor to Mandibular Plane (IMPA) 100.702 B9 525 82708 85,151 B7.095) 97 794 87.883/ 81.421 94 379 85.403) 100.404| 89 690 82096 65 .650] 87.205
Frankfert Horizontal to Mandibular indsor (FMIAY 56819 70808] 71.173] 63.812) 69445 59859 72357| 71.985| 64150 71.305 56764 70400) 70.684| 63450 69538
SMA 77636 83,613 84 670 76 800 77974 77471 #3.239 85223 76573 77.679] 78093, 83347 84.980. 76.333) 77679
T SNB 76.229 76,713 78.840 72.808 73.105 76.048] 79503 79.348) 72788 73.103] 76.345) 79 359 79,104, 72548 73 105
E ANB 1407 3.901 5.830 3884 4870 1.423 3.736 5.876| 3785 4.576 1.748 3.088 5.876] 3785 4 574
Upper Inasor to Frankfort Horizonta 108.234| 110706 108.823 99.648 88 805 108.590]_ 111.046| 108736 99887 89.126] 11G.788] 110.882| 109.952 98072 87.466
Frankfort Hotizental to NasiontA-point 87810] 100574 97.154 90.913 91.522 89.186] 99 .903 97134 90 506 91.548| 38.144 90801 97.484 90672 81.318]

0L



Table 10.--Raw Data of CBCT(9) Measurements (cont.).

Measurement 4 Measurement 5 Measurement 8
Skull A |SkuEB__ [SkulC  [SkullD [Skull E SkuMA  [SkulB  [SkullC  |Skull0_|Skull E Skult A |Skull B SkuII‘C Skul D |SkullE

Biporionic width {Pe — Pa) 115100 129.132) 1228237 118953 110461 114.518) 130.785] 122 178) 118.267| 109496 114 560] 131.237] 122216] 119.958] 109.817
Biorbital width {Or — Dr} 740818| 80043 73638) 75976] T19.772 74835 80043| 73636 75268) 79772 74818 7v0790| 73636, 78.268| 70.480
g Bicordylar width {Co - Co) 103.515| 127.384) 127462] 119856] 114.769) 108.957] 128.603] 1270627 119.163] 113619 108973 126300| 127.448] 120.562) 113.362
E Bicoronoidal width {C —- C} 90.270| 103705 98.785. 95 As7 92,053 80.562; 103697 88.7682| 85855 92.069 80.270] 103.705) 649 366! 65867, 92.345
Bigonial width (Go — Ga) 905511 167174 96 0821 95 014 87161 80551 1084385 55.284/ 94 165 87.158 90.551]  10B.638| 65 603 95.582) 27.158,
Palatal width {US — U8) . 54078 55.264/ 51.734 51 453 52648/ 54.078) 54.852) 51.727) 51 453 52.648 54,078 54 605 51711 . 51442 52.940
Antertor craal base {S — N) 60,966 73.176| 66.381 85.940 s 69.072 72918 §5.583) 66218 70.281 69,258 73.218, €5 194/ §5.944 70.001
E :‘% Maxillary length (ANS - PNS) 49 885 57512 47.757 53 085 56 538 46.977) 57.512 47.769 53077 56,211 49.679 57 563, 47.779 52,788 56.538)

= | 9 | Manibular length (Co - Pg) - - . _ - . - . " - ! _ _ _ _
Manditular corpus length {Go — Pg) 85.668 089.973 87.166 35,510 85.710 85668 100.838 B6.660) £5.130 85.624 85910 100.502| 86.797 85871 85.624
Upper facial haight (N — ANS) 53528 45890 52.745 53.423 50.344 53.892) 45677 53.027| 03414 50.344 53,492 45.607 52824 53374 50.382)
Lower facial height (ANS — Mg} 63.600, B1.654 66.813 70.562 70137 63.351 52.265 66.813 70.851 70.425) $3.310, 82.246 66.813 70.619 70425
g Antefior lacial haight {N — Ma) 116314 126429) 117.725| 122787 119241 116378| 126428 118.016| 123.0687| 118533 116.026) 126428 117.747| 122775 119521
s Postarior fadal height (S - Ga) 83.940, 85.671 86 780 95,042 86613 £8.940 95.060 £6.668 95.264 86.481 88.951 95.068 86.651 B5.734| . 86431
Mandik height {Co — Go) 58.619 57.377 55244 53 332 57777 59214 56.870 56.005 59.837 56 927 58.029 56.671 58.231 59420 57.423
Interincisal distance (Ut = L1} 3.380 3.159] 4.341 3388 5.949] 3.318] 3467 4341 2978 10.005 3.455 3.576] 4.428 3.158] 9.777

Facigl plane angle — - -~ — -- — - - -- = - - — --
g Angle of convexity 3.3 7.29 12883 7.380 7799 2.687 7.363 12.816 217 7.7499 2414 7.2 13172 7 367 8.004
= |A-B ptans to Na-Pogonion 2517 -3.287 -T468 5.715 -7.862 -2.105 -3.566 -7.445 5014 -7.150 -1.949 -3.646 -7.614 5.713 -1.745
interingsal angle 130359 140202| 143915 146.255] 160.640 130359] 141.986) 143.245| 145379 160.840 129.381|  141.986] 142.725| 146144| 162072
E Upper incisor to Nasion/A-point 20,061 10.406 11.603 52‘08 241 20403 10.068 11.670 $.855 2421 20 676 10.406 12.180 7115 4.149
P Lower incisor to Nasion/B-poird 27 841 75584 18 607 24 6351 17.205 27824 23982 19.229 23804 17.387 26.627 23 620 19,102 22.838 17 287

I—g o [Mandibular Plane Angle (FMA} — - — - -- - - - - - - — — - -
g g Lower incisor o Mandibular Plane {IMPA} 98.703 60,228, 80,137, 96 483 87.314] 98927 87 841 81.136 95.716 B6.942 90.97% 87454 80.511 85272 86 942]
Frankforn Hortzenal ta Mandibular Incisor {FMIA} 58 341 70.747 72.233 62.112 70451 59024 72439 71882 62972 60.914 56.888 72.846 72.712 63301 70.363
SNA 77652 83462 85223 76741 77.879 T7.225) 83450 84670 77119 77679 T7.203] 83624 85189 76781 77.908
= SNB 76413 19.664 79.348 72.879 73.103, 75811 79 488 78818 72958 73.285 75.987 79638 79.1968 72.879, 73.218
E ANB 1739 3798 5.878 3.602 4576 1414 3964 5.852] 4.162 4.399 1.306 3.988 5892 3.902] 4.689,
Upper Incisor to Frankfort Horzordal 107982 110545 108.318 95.857 89 811, 108.664] 110452) 108.613 07 594/ 89274 107 497; 110859 109.987 87.157| 88.291
Franktort Honzontal to Nasion/A-point 87820, 100.139 96.715 50.648 92232 88.267, 100384 96,943 90.739) 91.606; 86,821 100.453] 97 807 90.042) 82440




Table 11.--Raw Data of CBCT(6) Measurements.

Measurement 1

Measurement 2

Measureman|

SkullC [Skall O

SkuflB  [SkullC

SkulA  [SkullB  |Skul C  [SkullD  [Skul £ Skull A Skull 6 Skt £ Skull A SkullD _ [SkullE
Biporionic width (o — o) — - -- - - - - -- - — - - - - =
3 Biorbital width (Or — Or} 74732 80096 73AM1]  75796) V0974 75.307|  80.007[ 73.027 75880 79.040 75.027) 80008 73507 75590 79.148
£ | Bicondylar width (Co - Co) - - - - - - - - - - - - -
§ Bicoronoidal width (€ — C) 80454] 103951 100.183 95282 6.266, 91334] 10244 97466] 95661 81.788 90.974] 102.562 90.148 93 950 90.082
Bigonial width (Go — Go) - - - - - - _ . _ . - - . B
Palatal width (U6 — Ug) 53.868| 55.137 52.033 51679 52915| 53.669; 55.137 52.033 51679 . 53110 53 869 §5.137) 52.028] 51679 53.102
Anterior cranial base (S - N) §9.002 2.3 65 441 65 882 71.437, 69.094 7278 65.495 66,718, 70.597) 69 093, 72806 65424 66,784 70.617
E %:Maxillsry length (ANS — PNS) 40849| 57619 47.904] 52625 56.07) 498500 57819 47915 52673] 56.492 49849 S7619] 47902f 52668] 56516
S| 4 Mendibuter lergth (o - Pg) - - - - . - - - - . . - - - -
| [Mendibular corpus length (Go — Pg) 86.259) 100221 86 637 85.5%0 83.850] 85650 89 679 86,217 85.781 84 847 86.260|  100.080| 86,725 §5.014 84,867
Upper facial haight {N - ANS} 53408 45448 52.743|  53.961 50404 53561 45439 52.658, 53 596 50.057| 53449 45390 52.908| 53.672 48.565]
Lowar facial height (ANS — Me) 63.783| 82482) 66523 70199 70466 637831 82313) 66501 70.389) 70.530 €3.783] B2511) 668001 70414 70333
E Arterior facial height (N — Me) - _ - - - . _ . _ . _ _ - - .
z
> | Posterior facial height (S — Go) 89634 94.185 87.146 85.720 87811 89 006 84,992/ 86 503 95476/ 87.366] 89.370, 94 209 86.695 85313, 86 992
Mandibutar height (Co — Ga) 58.254 55.603 56.364 50427 58 396 57.656 57 115 $5.604| 6011 57.933) 58 105 56.057| $5.875) 59 888/ 57331
Interincisat distance (U1 -11) 3493 3.282, 4 055 3.493, 99186 3.544 3.280 4.243 3805 10.358) 3.493 3.187 4.019 381 10.002
Facia plare: angle - — -- - -- -- — -- - - .- - - _ -
§ |Angle of convexdy - - -- - -- -- - - -- - - - - - -
© |A-B plane to NaFogonion - -~ - _ B _ . s - . _ _ o _ ..
Interincisal angle 13017 139.312] 141.0381  144.011] 162,638 131.017] 138.951] 141.158| 143.143] 162.741 131.017) 138.951) 132795 142706] 162383
_§ Upper incisor to Nasion/A-poirt 19.380 9.876] 11375 114078 2466/ 19.599) 10.529] 12619] 1045 1.910 19.301)  10.683] 12805 10.908 1.584
@ Lower incisor to Nasion/B-point 277N 26.922 21.730 21420 15.405 27 544 26.780 20.361 22828 14.447 27.646 26.690 21.458 22814 14.692
% o (Mandibular Plane Angle (FMA) _ _ — _ B - . - - . - . _ .
g g Lower Incisar to Mandibular Plane (IMPA) - — -~ - - - - - - - - - -- — -
Frankfort Hosizontad to Mandibutar Incsor (FMIA) |- - - - - -- - - - -- -- - -- - =
SNA 78599 84386 85213 75.383) 76.142 78.218) 83794| 85057| 75849] 77119 78.425| B4.174| 84028 75674 77434
- SNB - - - - - - - - - -- - - - - --
E ANB - - - - - -~ - - - -~ - -- — -

Upper Incisor to Frankfort Horzonta

Frankfost Horizontal to Nasion/A-point

cL



Table 11.--Raw Data of CBCT(6) Measurements (cont.).

Measurement 4 Measurement 5 Measurement §
Skull & Skull B Skull & Skull D |Skull E Skull A Skull B Skull & Skull ] Skull E Skull A Skull B Skull & Skull D {Skull E
Bipetionsc width (Pa — Po) - - - - - - - - - - - _ - - -
Biorbital width {Or — Or) 75307 79.808| 73119 76203 70.678 75.022) B0O.O14 73.356) 75080] 79177 75220| 79815 72832 75684 80.187

; Bieandylar width {Co - Co} - — -- - - -- — - - — - - - —~ -

E Bicaronoidal width {C — C) 91.329] 101.797 88.865 98 977 00.588| 90.984| 102649 98499 977301 92783 80.789] 101.462 88.075 88532 91.368
Bigonial width {Go ~ Go} - — - - - - — — - - - — . _ .

Palatal width {Ug - UB) 53.668 55137 529028 51.480 53.115] 53.869 §5.137| 52028 51475 53.110 53.869 55137 52.078| 516875 53,083
Anterior cranial base {S — N) 69.226 72584 §5.494 66 605 70.638) 69.170 726824 €5 411 66.900) T0.647 a9.181 72.603 65.463, 66477 70.630,
g % Maxillary length {ANS - PNS) 40842 LT619] 47908 52815 56492 49842 57608) 47.909] 52820 56.470 49.842| 57.606) 47909 52673 56522
S| @ |mandibuler length (G0 - Pg) - _ .. - . . _ . g N - - - _ -
Mandibular corpus fength (Go -~ Pg) 86226) 08955 86853 87548 84750 80.079) 064531 86.508| B6O99|  85.585 86.148| 99.084| 86.601; 86.730] 85344,
Upper facial hieight (N — ANS) 54.200) 45652 52772] 54.654| 40001 54301 45597] 53.059| 54200 50462 53B81) 45405 52928 53797 51.033
Lower facial hieight (ANS — Ms) 63.783) 82482 66918] 70215 70333 63783| B2277| 66.914| 70.207| 70.530 63.783] 82475I 66.018] 70399 70.135

g Anterior facial height (N — Me) _ _ . _ - . _ . . . - _ . _ -

g Postanor fadal height {$ — Go) &:_1.292 84.862] 86818 95,745 55,254 £9.403 84.731 86.750, 96 332/ 86,883 89.364 95.086 86.154) 95 950 85.600,
Mardibular height (Go - Ga) 97 702 57.104 56.054 80477 56429 §7.946 56.940 55 845 61.211 57.202] 58.081 57.357 55.230] 60.863] 55,503
Interincisal distance (U1 - L1) 3408 3.280 4200 3.464 10902 3.493] 3.280 4.055 3382 10.002 3.493 3 280 3.965 38650 10.094
Fadial plane angle - — - — - - - — - - - - - _ ..

g Angle of convexity - - - - -- - - -- — -- - — .. - -

5 A-B plane to Na-Pogonien — - - — - - — - - - — - - _ -
Interincisal angle 131.634) 137.771]  140.893) 142.275] 163370 131.017] 130337 139785 145.297| 162333 131.017]  138.132) 140.080| 143143| 163.387

E Upper incisor to Nasion/A-point 19820 10.306 12,848 10.624 2618 19.6800 8.788. 12.704 9.815 1.488 10.814 9.945 12.657 g8 2738

a Lower incisor to Nasion/B-point _ 28 907 28.076, 20,502 23438 14.726 27.653]  28.168 21.700 21.408 14.544 27.521 28 068 21434 23154 14.721

2 = |Mandibular Plane Angle (FMA) - - B - = - - - - - - - - - -

g E Lower Incisor to Man(}libular Plane {IMPA) - - - - - - - - - - - -~ - - --
Frarkfort Horizontal to Mandibular ncisor (FMIA) = - -- - - - — - - - - - - - -
SNA 77.781) B3.535) BL.140] T75858] 7749 TT.944) 83708 84857 75437 77.249 77.956| 83567 85161 78.317]  77.188

5 |SNB - = -- - - - - - - - - - - — -

=2

Slas - - - - - - - - - - - - - - -

Upper Incisor ta Frankfort Horizontal

Frankfort Honzontal to Nasion/A-point

eL



Cranio Reliabhity
Measurement|D = 1, Measurement = Biporionic width (Po - Po)

niactass Comlaion Costfickat

Intrchss 95% Confdence inderval F Test with True Valus 0
. Coretatan’ | Lower Bourd | Upcer Bound Vatwg dit 2 5
ToB WezTaRs | 500 64 7.000 | 3365978 3 20 000
A Mezsuies 1.000 2] 1.000 | 3368576 4 20 00 |
Teo-way rindom etiecs both peopks eflects am random,

2. Type € intactass consiation costicients using a cons i lency defnilion.the betwesn measure variznds is exhuded from the dancmineior vadance.
b Theestimatw |5 the same, whethar the intemction eflect ks presentor not
c. MeasyrementiD = 1, Measuement = Biprons width (o - Po)

MeasurementiD = 2, Measurement = Blorbital width {Qr - Dr}

Iniraciass Comalation Cowfficient
Intrackess 96% Confidence {nlerval F Tesiwith Trye Vatue §
| Conetstion® | Lower Bound | uipper Bourd Vaie a1 diz Sy
ShgEMeasies Er EE) 1.000 | 8% 110 4 20 .000
Averace Mea stires 1.000 @99 1000 | 283110 4 20 000

Two-way fandom efiects model whers bolh pecple =iierts & d messures efiects srs mndom.
a. Type C intmclass conetation coefficients using a consistency daition-the b bwaat-mea surs varence Is mebded fom the danominakor varanes,
b. Thoestimeior isthe sa ma, wheiher the interaction efiact & present o nat.

. MessurementiD = 2, Measumment = Blortial width (Or— Or)

Paga i
MoasurementiD = 3, Measurement = Bicondylar width (Go - Ca)
Infracies Conalaton Coatficint
Intrackss 95% Confence Inkervel F Testwih Trya Value 0
Coelstion’ | LowerBourd | Uppor Bound | Ve e it diz
METIRS 1.00F EZ 1.000 [ 3170877 | 1 20 000
A Messures 1.000 1000 1.000 | 78787 4 20 e
Twoway mndom sfiects both pecinis efiects am rndom.
2. Typs CintRciass coneiation coefficients using a consElency definit a-the bety i i excuded fom vermnce.

b Theesimaior b the same, whether the interecibn eflect it presentor not,
©. MessurementiD = 3, Measumment = Bloondybr width (Co - Co)

Measurement!D = 4, Measurement = Blceronakdal width (C - C)

trackass Comslation Coolficion

Intract s 954 Confencs lnteval F Test with Tive Valus 0
Cormiation® | Lowes found | Upper Bound Vake dff df2 S
SngEMeasums 291 1000 | 2446282 4 20 000
Average Msasures 1000 289 1000 | 2445332 4 20 000
Two-way random ediects mordelwhans both peopie stiects ahd Measures efiects am random
a. Type C himclass conmation U5 INg @ Const inition-the baty varande I1s e dad trom the denominakor varance

. Theestimator is the same, whethar the {nhtaction ofiect s presentor nol.
. MzasurementlD = 4, Mesasurmment = Bleobnodalwidth (G- C)

Page 2

MeasurementiD = 5, Measurement = Bigonial width (Go - Go)

trackyss Comsiation Gosffickat®

Intrctasy 95% Confdence Inierval F Test with True Voke 0
Songaton” | LowerBound | UpperBound | Vaws an ar2 Sig
it Wemayu et = a7 1.000 €797.678 4 2N 000
Averrys Mesy s 1000 .50 1.000 ; €797.878 L) Fl 000
Two-way random affects mod &l whe e both peopie efiecty and mees ues effecis are fandom.
. Type S Intraciass carmchation costicents using lency definition-th VanancR i axtiudes fom the denominatorverh nos,

© The esfimaior is the sama, whethar the interaction offect is pesent o net
G. MessummentiD = 5, Measuyrmment = Bigonial wd th (G-~ Go)

MeasurementiD = 6, Measurement = Palatal width (U6 - UB)

atractrss Comatation GostTickat®
Intraclass 95% Confdence Interval F Test with Troe Vale 0
Commeaton® { Lower Bound | UpperBound | Vake atf ir] Sg
ﬁm Measunes E 20 a7 245 953 4 20 000
Average Measums e 986 1 000 246 953 4 0 00
Two-way rendom afecs model whor both pecos afiscts ang measums effects ans mndom.

©. Type C Intaclass cometton cosficenty uslng e contivtncy definbion-the batween- meas: = varianos i excluded 11om the denomInsios vacance.
b. The estimator is the same, whather the ineraction efiect is prsent of nat.

[ D=8 = Pal bl width (US - UE)

Paga 3

MeasurementiD =7, Measurement = Anderior cranlal base (S - N}

Intractass Comalation Costiickn ®

Intmclass 95% Contlierce Intrval F Test with Trs Vas 0

Corrmiaton® | Lowsr Bound | UpperBound | vews dtt diz sig
B Measures 9550 5 =5 171464 * F-1 .00
Avence Measums 294 =1 ==r] 171. 464 4 20 .000

Two-wa ¥ random efiects model whe e both people tiects and measums eficis ane random,
a, Typs C intrackess cormeltion Coetficents using @ consklency definibon-ths betwern-measum \nance i exciuded fom the denominiorvarenca.
b. The estimaior 4 the same, wheiher the interaction ediect is present of not.

c D=7 = Antsrr e (5 - N)

MeasurementiD = 8, Measurement = Maxillary length (ANS - PNS)

tatmaciass Comatation Coafticiont®

Intaciase 957 Confitence Inpwal F Test with Trye Vake 0
| commbtion® | tower Bourg | uoperows | Vene T o [ oo T 5o |
Giz MERsuEs K== 1.000 £535 101 4 20 .000
Averge MeaseEs 1.000 2 1000 £536 101 4 20 [44]

Two-way random sfiects model whans hoth peopke efiects and mMeas Les afect: 4o Andom.
= Type Cintraciass coretstion coaffoignts using @ consisiency 0afinbion- the betwion- measu = vananos & excluded fom the d enominsior va mrce,
b The eslimalor is the same, whather the Inisraction efiect i# pesent ornat,
© MeasummentiD =8, Moasumement = Maxilary agih (ANS ~ PNS)

Page 4
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MeasurementtD = 9, Measurement = Mandibular length (Co - Pg)

Intracizss Gomiadon Cosfficien P
Intackss 25% Confidenoe Inkerval F Teest with True: valus 0
Conelation® | Lower Bound | Upper Bound Value dm a2
Shoe Meesuns oF =) 1.000 | 9963656 4 20 .00a
Awerage Measures 1.000 1.000 1.000 | 9968656 i 20 000

TWo-way MmndoMm etizcts modei whene bOth paopis efiects and measures efiscts are random.
4. Type € intmclass conmiation costficients using e detintion-the bety
b. The sstimator Is the same, whetbar the interaction afiect i present or nok.
€. MeasuremeatiD = 9, Measyment = Mandibuiat lengih (Co - Pg)

varance is exchded from fhe denominaior varnee.

MoasurementiD = 10, Measurement = Mandibular corpus length (Go - Pg)

MeasurementiD = 13, Measurement = Anterior facial height (N - Me}

lnirckrss Comalation Couffichnt
Intmcisss 95% Confdencs Inkeval F Test with True Vaue 0
Oorreation™ | Lower Bound | Upper Bound Vamg | dft a1z s
595 Measues 0 =5} 1.000 3030, B4 4 n 000
Avcrge Messums 1.000 K] 1.000 | 3030.54 4 2 000

Two-way random &fects model whem both pacole efiects and measures effects ans randonn.
8. Tyre C |ahraclos s comeietion costioient using a Consisiency defintion-the between measy e Vr2ncs i axcludes (10M the denomineicrvar nos.
b. The estimaior is tha same, whether the intoracton eflect s pseat ornct,
c. =13, = Anterior ight (N - Me)

MeasurementlD = 14, Measurement = Posterior facial height (S - Go}

Itractecs Gorrlalion Cosfickat

Infrach s 95% Confiencs Ingval E Testwith True Vatus 0

Cormtation” | Lower Bound Bound Vake an d2 sig
[ ShgENeesus | 1.000°] =) 1.060 | 12672810 [ 20 0
Average ben surs 1.000 1,000 1,000 | 12872910 + 20 060
TwO-way fardom effects mooe! where both people efiects & nd maasures eflects aro rndom.

0. Type G hbeclass conetation co=ficients using s defintion-the: bty
b. Thaestimaior 2 the 53 e, whetber the intaracta efiect is presant or not.
e 0 =10, =Ma Pus eagth (Go- Pg)

variancs is cacuded from the de nominsior varianos,

Pges

MeasursmentlD = 11, Measurement = Upper faclal height (N - ANS)

Initrcikaas Comalation Colficiaat®
Intmckyes 95% Confijence Inferval F Testwith True Vake 0
Corestion” | towerBound | Upper Boudd |~ vemes d iz Siq
Sngie Messures ESS E==) X5 . 20 000
Averge Measues D7 .98 1.000 %255 4 0 .000
Two-wey random efiects model whe e both paopis efiscts and maiurks cifecis ers random
2 Type C Inbex ficients ysing 8 cC detindion-the bety wariance &8 exciuded fom the denominaiorvarncs.

0 The extimatoris the same, whather the intsractinn effsct is preaent of nat.
© MeesummentlD =14, Measurement = Posteror facie | hesgnt (S - Go)
Paga7

MeasurementlD = 15, Measurement = Mandibular height (Co - Go)

Intraciase Comalation Coufficlat®

tntractres Conataton Cosffickn?
Intraciess 5% Confide nos |nieoval F Tesiwith Tua Valua 0
Someiaton” | Lower Bound Bound Vake an df2 Sk
ISV 985 900 | 1364805 4 20 600
A Hedsures J:::] 7 1.000 | 1364808 4 20 000

Two-way random eflscts model whern both ceooi effacts 2nd mMeasures efiocts ane random.
8. Type C int=class cormdation cretficeents USNg # CONSEENCY 0N LoN-the be tween-measum varnce is excudad from the de pominaor varance,
b. The eslimator is the same, whether the interaction effect & present o not.
€. MaasumsmentD = 11, MEasurement = Uppar factal baight (N — AN S}

MeasurementlD = 12, Measurement = | ower facial height (ANS - Me)

ntractass Comlaton Cootfickoa?
Intrach 53 95% Confisence Injerval F Testwith True Value 0
Cormition® | Lower Bound Bound Vaks 4t dr2 i
Single iMeasums ==y 296 1000 | 5060706 4 a0 000
Al Heasurss 1 000 =9 1.000 | 5060795 4 20 000
Twoway raadom eflecls mor both peop effocts are rndom.

Intmclasy 5% Confidence |nierval F Test with True Vake 0
Coxreiatbn® | Lower Bound | Upper Bound | vake ot 42 | Sg |
g Measures ErLd E=F] =) 280 077 4+ El .000
AvoR e Measures 206 287 1000 260 077 4 20 .000
Two-way random efiects model whe m both people efiects and measures effects are random.

o TypeCi

coetficients usinga

b, The estimator is the same, whather the inlerection oiiect ks present ornot.
L] 0 =15,

heght [Co— Gc)

MeasurementlD = 16, Measurement = Interincisal distance (U1 - L1)

kimciass Comralation Costfickat’

95% Confdenca Injenval F Tast with True Vake 0
Lower Bound | U Bound Vaus e 1kl dr2 =]
Sngle Measures .64 =5 137,802 4 20 000
Aramps Measyms T4 500 137.802 4 20 00
Two-way randam sfiects mod ol whe m both pecDie stiectt and Messures offects ans random,

2y Gafintioe-the batween-measum varisnce & exciuded from the dencminaio: varance,

a. Type C ntrchss cormiation costhicents gsing a definrtion-tha bat
b. The estimator is the sa me, whether the inferactin efiect & present or not,
. M=asurementD = 12, Neasursment = Lowertactal height (ANS - Me)

varanes is exchded from the danomina ki variance

Page b

&. Type Cintractass cormetlion cosfivients using & conskiency definbon-the betwesen- meesy = varlance & excludert 1om the denomnetorvara e
b. The eslimaior is the same, whether the: nteraction eftect is pesent ornot
&M 0 =16, = detance (U1 - £1)

Page B
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Measurement!D = 17, Measurement = Facial pfane angle

hitrackss Gortalaion Gostlickent

Intract 55 95% Confidence Interval F Test with True Value 0
Coreiation” | Lower Bound | UpperBound | vake an dr2
§|\g5imum X ECH =) MMENA [] 20 .000
Avcrage Heesunes 997 889 1.000 3192028 * 29 000
TwO-wRY f2dOiM Efects mode | whers both penple efiects a nd maasums efietts are mndom.

8. Type C intraclass coneiation cosffickents using a consisiency definitinn. the: between-mea sure veriance is exc ided from the depominelon varbacs.
b. The eshimaior is the same, whether the interacton efect & presant o not.
<. =17,

=Fachl

MeasurementiD = 18, Measurement = Angle of convexity

Itraciass Cormiation Coslficion

Intrack &t 95% Confidence Inkeivol F Testwith Tne Valoe 0
Coretation® | tower Bound | UpperBound |  vake at a2 sig
TogE Measums T g 39 == 191448 4 20 000
Averags Measurs 996 82 =3 121 448 4 20 000
Two-way rendom &tiect: mode| whers both peopie efiocts ond measures effects are Rndom.
2. TrpeCi conetation usng 2 definition-the hetween-mensure varence is exzlded from the denominaior variancs,
b The astimaior s the s3me, whether tha interaction efiect & present of nat.
e D = 18, =Angie of ity
Pags §
Measurement|D = 19, Measurement = A-B plane to Na-Pagonion
mtraciass Comalation Cosffickat
Intrach=s 95% Contidence Intefval F Testwrih Tye Value O
Commiation® | Lower Bound, | Uppst Bound Value: o] ar2 Sy
QR Mestues Eicd 920 =="] 283908 4 20 Oy
Al Men sures 206 o2 1.000 283908 4 28 000
Two-way AIRdoN effects mode| whers both peopls stiscts and measures effecis are rndom,

a. Type C mimcless conelation coetiicients ushg & consEncy dafin tion-the betwesn. mes sym varknce ks ez uded from the danominator vanancs,
b. The estimetor s the sy me, whether the Inkeracton =fect 5 present or not.

€, MessyrementiD = {5, Measurement = A8 plbno o Na-Pogonion

MeasurementiD = 20, Measurement = Interincisal angle

tutraciess Cometation Goatfickat

Intrac e 95% Confidance Interval F Testwith True Value 0
Coneiation* | Lower Bound | Upper Bound Vale di1 dr2 Sg
Thob Meosues E €74 285 47172 4 20 000
Auergoe kos sures o979 925 e =] 7172 4 20 i)
Two-say random efiects mode| whers bolth peaple sfect: 3 nd measyres efiscis are random,

. Type C intmciass conpiabon cosffickents: uSing @ cons slency deiinkion-the betwesn. me2 sure varkines i cociuded trom (he denominalor varncs,
b The estimator is the same, whelher the int=raction effecl is present or not,

c D= 20, =

dngie

Page 10

MeasurementiD = 21, Measurement = Upper incisor to Nasion/A-point

irckss Comalation Coafficlant™

[rr— 5% Confdence nienal F Test with True Vol 0

{ Comsiten® [ Lower Bound Bound Vaua di arz sig
Snge Neazures 873 K =) 42,263 4 [ 000
Avergs Meatyes G976 o7 97 42285 L 2 000

Two-vay rndom efiects model wham both peopie efiects ond measurms effects &re random.

a. Type Cintraclass comehtion cosffe et usinga detinHon-the: b
D. The: estimator is the same, whether the: interecton afiect Is pesant of not.
C. MeasummentiD = 21, Merzuement = Upper incisor 1 NasiondA-point

= varianas & sxcluded fom the denominainr varance.

MeasurementtD = 22, Measuremaent = Lower incisor to Nasion/B-point

Intrackies Coralation Coaffich®

Intrckss 95% Confilence Ind=reat
3

F Tesiwith Trus Vale 0
Cosretatbn’ Lowsr Bound | Uj Bound Vaue dit a1z
wes #3785 58 16.142 4 Fal o0a
Avacacpy Maacu s 934 A2 93 16 142 & 20 000
Two-vay rendom etiscts moded whe e both pacpis efieCls ahd meesums effecis ane mpdoM,

. Type C intrackass cormehton contficien s using 4 conslency definbion-He between-measu e vartancs: @& excluded fom the denominalor varance.
b. The estimaior is the same, whether the iniarcinn etiect 18 pesen of not,

¢. MegsuementlD = 22, Measurement = Lower heBor 1 Na sien/B-point

Pags 11
Measurement|D = 23, Measurement = Mandlbular Plane Angle (FMA)

Intracirss Codmatation Coatficion

Intriciass 6% Contdencs Iniemval F Tiest with True Vaie 0
Cormiation® | iower pourd | Upperfouna | velo dn dt2 Sig
g 2ures 34 =S . 45,312 [} 20 .000
Avergp Measus 978 on sor | 4531z ) x 000
Twoway random efiects model wher both ocoolo effects and measums effacts ame random )
&, Type: Cintrac on coettcients using & e ceflnibon = varignoe i gociuded fom the denominaior vorancs,
b The eslimeior is the same, whether fhe. ieraction afiect i pregent ornok.
c. D =23, M =

= P he Angle (FAAY

MeasurementiD = 24, Measurement = Lower Incisor ta Mandlbular Plane (IMPA)

InRctass Comalation Goatlickat®

Intrclass 95% Confidenca Inkerval F Test with True Vake 0
Coretation® | LowerBound | Upper Bound | vake atl di2 | &g |
Snge Weasures 558 AR g2 & 400 4 F.1] )
Avemge Messums 881 582 566 A 400 4 2 000
TwiO-way 1M OM enects model whem both pacpke sfiects and measums sfiects are @ndom.

. Type C intrackss comelation comffiients using a consisiency def|nLion-tha batwecn-meesu =2 variance & exciuder {om the danominaiorvarance.,
b. The extimaio; i the same, whether the inleraction effect is pesent or not,

<. MegsuementiD = 24, Messurement = Lower Incisof 10 Mandibalar Plane JMPA)

Page 12
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MeasurementlD = 25, Measurement = Frankfort Horizontal to Mandibular Incisor (FMLA}

Iatrackss Commiation Cosfficient

BeasurementlD = 29, Measurement = Upper Incisor to Frankfort Horizontal

tmciasy Coralation Goafficlant®

a. Type © intracless comedtion cosfiki usinga

deflniion-the betw

iattaciass 95% Confence Inkevel F Tesi with Trus Vake 9
Comeation” [ LowsrBound | UpperBound | vawe | dn_ | oz | sg |
Singgle Keesures 930 L E=Cc] 6399 4 n .0on
Avemge Meaturcs L=l _O46 208 £3.968 4 20 000
Two-way rand om etiects model whe = b0 péople cffects and measures affscts are random.

varlana® & sxciuded Tiom the denominaiorvaria nas.

b The estimatoris tha came, whether the Interection effect |3 prsent ornot
C MeasummentiD = 29, Meatviemen] = Upper incisor i Fankiot Herirontal

MeasurementlD = 20, Measurement = Frankfort Horizontal to Nasion/A-point

Intmacixss Comalation Coolficiant®

Infrechss 95% Confens Inkerval F Testwith Tue Valve 0
Cometaticn® | Lower Bound | Upper Bound | vake an di2 i
Shge Messues 146 £ 7112 4 20 1
Average Mo sures A5 606 Sh4 7112 4 20 001
Two-way random efiects made | whens bath pecpls affecie 4 nd Measurcs ciiects are mndom.
a Type Cintrackst cor using & definitbin-the betwern-imen sure varence [s exciided frem the denominator varknce.
b Tha estimetor is the =2 me, whather the inferction afiect & presant of hot.
€. MexsurementD = 25, Measuremen = Frankion Horzontal o Mand buk rincisar (FMiA)
MeasurementlD = 26, Measurement = SNA
ntraciass Conutation Costfichn
intrechss 96% Coardence Inferval E Tesiwith True Vatuwe &
Cormiation® | Lower Bound | Upger Bound | Veke ot1 diz ™
Sirgk Ncesures €12 Ed W A24 ] 20 000
Avargge Mas surt B3 205 297 5824 4 20 000
Two-way rendom atiecty mode! whene bath people efiects 4 i measures etiacts am mndomn,

Intmclass 96% Canlidence Inewal # Testwith Trus Vaie 0
Comeption® | Lower éound | UpperBound | Vake gt dt2 Sig
Bhge Weasuies o == =] 435 404 ] 20 -000
Avoragn Measums S8 L 992 1.000 435 404 4 | 20 000
Twd-way rend om efiects model wha e both poophe sfiects and measums effects 8/ RMoM.

a. Type C hitacless Jenls using a defiition-the: bety

varence fs exchuded trom Hhe: denominaior varience

b. The estimatx is the same, whether the temacion fiect & presant of not
. MoesuremenllD = 26, Measurement = SNA

MeasurementiD = 27, Measurement = SNB

Ibtractass Comiation Cooffichnf

Intreciass 9534 Confisenes tnierval £ Teswith True Vaive 0
Coneiation Lower Bournd | U Bound Vake df ]
gb Meosures 8146 029 875 27,183 4 20 0G0
A Measures 963 ar e ] 27183 L] 20 000

Tao-way andom efiects mode | whens both penove efiects and mezsures efiects ere random.
&, Type C nbaciass constation costlicients using 4 consiency defimtion-the bahvesn- mensym vamanos 13 axchded oM e denominator verianos,
b. Themstimalor is the same, whethar the intsraction offect b presanter not.
©. MaasuremantiD = 27, Maas urement = SNB

MeasurementlD = 28, Measurement = ANB

mimclass Comiation Coatticknt
Intechsx 95% Confuence Interval F Tastwith True Valug O
Coneiation Lower Bound | U Bound Valus =13 ar2
§iaglsumuzs 5 37 2] 313138 4 20
Averags Measumes BT 989 1000 318138 4 20
Two-way random etiscks mode! whesms both psaple efects a nd Mmeasures efects are @ndom.

Page 13

8. Type C intactess coneiabion coefficients usmg & coassiency definition-the between mes sue vamance is exclrdad from the denomilaion varence,
b The e=timatar is the same, whether the intaraction =tiect & present or not.
©. MeasurementD = 25, Measurement = ANB

Pege 14

#. Type C Intractsss cormebtion costficEnts using & consitiency defintion- the between-measum varance & exciuded fom the denom| et Fris nes.
b. The estimaior i the same, whother the niemctbn efiect is prsent of hot,
< D =30, = Franidort Horlzs 1 Nesion/A-poinl

Paga 15
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Ceph Rellability
MeasurementiD = 1, Measurement = Blporjonlc width (Po - Po)
Intrachss Comulaion Coelfickant
Intachez 95% Confidnes intorvel ETestwith Tue Valuz 0
Cormiation” | Lower Bouna Bound Vake ot di2 Sky
EEECTE 57 1000 | 7214518 [ E] 000
Average MeasumEs 1.000 1,000 1.000 | 72418 a4 20 000
Two-way random eflects mocke! peapk efiects oro random.
8. Type C intrclzts cooetation using & desfinition-the bety variance is mcluded from the denomimaior varisnce.

b The astimator is ths same, whet her the inkemction snect s present or not.
c. MezsuremenilD = 1, Mersu ement = Bipoaonc width (Fo - Fo)

MeasurementlD = 2, Measurement = Biorbital width {Qr - Or)

éractres Conutation Couffickat
Infrchss 6% Confuence inienal F Test with True Value &
Conetaticn® | Lower Bound Bound Vaks dn a2 Sig
NGB Measurs el ED G0 | 1361.858 1 20 000
A Measures ) 297 1.000 | 1361688 4 20 000

Two-way random eftects mode! whene both pro ple oifiects 2 nd messurss afiscs am mndom,
i L Hhe betwern. mea:sure varance is exchdexd from the derominaior varence.

using 3

b Tha estimeior s the 50 me, whelher the intraction sfiect s prasent or not,
€. Measurement!D = 2, Mabsvement = Blorbial width (Or - Or)

MeasurementlD = 3, Measurement = Bicondylar width (Co - Co)

mntrackass Comalaton Coaflickat

nQb Meesums | 1.0000|

95% Conldence (nierval

F Test with Tue valve 0

Two-way random etiects mode|

Paga1

Intrec sy
Comeiation” | Lower Bound | Upper Sound Vatoe i df2 [
208 1.000 { 13545846 4 20 .00G
1.000 1.000 1.000 | 13345848 4 20 000
peoDiy ctiecis
wing defnilin-the bet varanoe 15 Sxciyded from the denom naor varance.

b. The estimaior ks the 52 me, whether the interection efiect s present or not.

wiith (0o - 00)

P 4D =

3, =

Measurement|D = 4, Measurement = Bleoronoidal width (C - C)

Intrachass Conmiation Costficin?
Intrack s 95% Contrenca Interval F Teslwith Tie Vaiue 0
Qoneiation® | Lower Bound | UpperBouns | Vake [ df a2 Siq
ngE Measues =T 1.000 | 3501.796 4 20 000
A Measures 1.000 o] 1.000 | 3501.796 4 20 000
Two-way Rngom ehiects mode! whens DOt peo pis &Mkttt and measyres effects ans random.
a, Typa C niadess uSig & Con Y ion-the betwesn

b The estimador 1s the same, whet ber the inberaction etiect s present or not
., MeasuremenliD = 4, Maastement = Bloo Oodal width (C-C)

varianoe is e ided from the de nominaior varknes.

Pge 2

MeasurementiD = 5, Measurement = Bigonial widlh (Go - Go)

Intrckrss Gomalation Cootfickat®
Intmciass 956% Confidence Inisval F Test with Trus Vake 0
Comektibn® | Lowsr Bound | Lipper Bound Vaka df g2 Sig
EriETC F £ 1000 | 17755368 [ E] )
4 20 000

Avcrge Moasues 1.000 1.000 1.000 | 11725368

Two-way rand om afiects tcde! whor both people sfiects and massymes effacts am mnpdom.
4. Type C Infacksscomehton costfielents using s conmsiiency defintion-the betwesn-measu i wriance & excluced fom the denominaior vark noe.

B. Ther estimetoris tha same, whethar the nieroction efiect is prsent ornot
€. MeesuementD =5 Messurement = Bigonal wizth (Go — Ga)

MeasurementiD = 6, Measurement = Palatal width (U5 - Ug) )
Inteachss Comrelation Coaffickat®

Intmclass 95% Confdence Inienval F Test with True vake &

Cormiston® | Lower Bound | UpperPound | vakie dft fir) =
EXTTCN 877 EBEZCT ] 20 000
Averge Measues ks 998 1.000 | 504807 4 2 000
wO-way rendom cfiects model wham both pacpie efiects anvd messuma atfects &re rendom,

deefin Hon-fve: haty

0. Tyro Cintraclass corneletbn cosficitnts using weriance b excluded tom the denomiiaiorvarmnce.

b. The estimelor is the $ame, whether iho niemction sfiect iz present or not.
e o =5, - U5 UR)

Paga 3

MeasurementlD = 7, Measurement = Anterior cranial base (5 - N}

Intraciass Comaltion Coatficient®

Intmchass 5% Contidence Inenwval F Testwith Trus Vake 0

Correipton” | Lower Boond | UpperBound | Vels dtt a2 [
Thoke Keasures o6 =2 === 1377014 4 D 000
Aviem o Measy s o8 bl 1.000 1377.014 4 2 000
'wo-wa ¥ Fndom effects model whe e both panpe eftacts and measumes elfects ane random,

a. Type C Intractass correlytion coefficen ks using @ conysi=ncy deflnon-the: Detweeh-Imeasu | 1anencs & excluded 11om. the d =nominaior vara nos,

b The estimatorix the same, whether the infemction atiect is pretent arnot
¢, MeasuementiD = 7, Meesumment = Anterareranial baae (S - N)

MeasurementiD = 8, Measurement = Maxiilary isngth (ANS . PNS)

intraciass Gomalation Coatticloat®

Intaciass 95% Contidence lnleval F Terst with True Va

| corebton® | Lowsr Boene | Upper Bound Vaua daf a2 _sg |
T Meas s ®P = 38 | a0 [} 20 .000
Avengn Messuzs a57 s 1,000 | 301740 4 2 000

Two-way random affects mod e wheme toth people efiects and measues sflects an r2ndom
9. Typs Cintraciass corredalion cosffeents using a consBEncy defindion-the between-mesu = vafincg i exciuded fom the denomineio; varancs,

b. The estimaloris the same:, whether the: intecton etiect is prsenl or not.
c. MessummentiD =&, Measumement = Maxitary kength (ANS - PNS)

Page 4
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MoeasurementlD = 9, Measurement = Mandibular length (Co - Pg)

Intaciass Comlation Coslfickn?

Intrack &5 963 Contfdence Interval FTestwith True Value 0
Cormiation’ | Lower Bound founa | vawe | i o2 siq |
§kﬂbimu E .7 1.000 | G34.051 4 20 000
Awsrage Moo sures 1.000 L9 1.000 | €384 05t 4 0 000
Two-way rangom ehiects Mok bath peopiz etiects are random.
©. Type C intmciass conmiation coetiickents using & consislency defmitiin- the bety Is exciuded tom

. The estimaior Is the same, whether the interaclion effsct & presentor not.
< D=8,

= length (Co - Pg)

MeasurementiD = 10, Measurement = Mandibular corpus length (Go - Pg)

variance

MeasurementiD =13, Measurement = Anterior facial hsight (N - Me)

lntraciasa Comaistion Cootticaf®

intrackass 95% Confidencea Interval F Test with True Veke 0
Cormeatin® | Lower Bound | UpperBound | vake ot a2
Snge Measures 84" 844 = B [ 20 000
Avege Messurss a7 200 1,000 38, 256 4 20 000
Two-way random efiacts model wher both peopie efiects and measurs affacts ane random.

2. Type Clntractess corrabrtbn costfcien s ysing a constancy defin ion-the: between-measure vanance & excluded fiom {he danominaiorvarance.

B. The: estimator ks tha same, whather the inieraction efiect I pesent ornot.
€. WeasummentiD = 13, Maasurment = Anterior facial heght (M - We)

MeasurementiD = 14, Measurement = Pasterior facial height (S - Go)

Iatrackrss Comulation CosfTicieaf
Inteck st S58% Confidence Interval F Test with True Velue O
Cormfation® | Lower Round | tpper Bouna Vako drt di2 Sig
ng e Messues [ .T96 2 86770 4 20 000
Average Mee sires o88 55 500 S6.770 4 20 000
Two-wey rendom sffects modalwhens both Deopie etiect 2 1 MeE2Sules £iects em random.

o. Type C intciass corelation cocfficients using & consistency defiilion-the badwasn- masure vatine is exchided fom the denominelor varancs,
B. The estinaior i# the sa me, whet her tha interaction efiect s presentor nob.
¢ MeasurementiD = 10, Measuremeant = Mandibulroorpus Iength (Go —Pg)

Page s

MeasurementiD = 11, Measurement = Upper facial helght {N - ANS)

ek Comalation Gostficieat”
IntE class 96 % ConfHence interval F Test with True Value 0
Sorrebtion® | Lower Bound aound | vake af a2 Siq
Sngle Measures 292 1.000 2483 194 4 20 000
Average Maasum: 1 000 899 1.000 2483154 4 .1 000
Twc-way rardom efects medel wham both pecoie efiects end meases &ftecis afe random.

. Type C Inraciass comelition cosfficents using a cons siency dedintion. the: between-meas i vanianos it sxcluded fom he denominetor varaince
b The estimolor it the same, whathar the Inscaction efiect Is present or nat.
€. MeasuementlD = 14, Measuremani = Posteror facia| haight (5 — Go)

Paga7

MeasurementiD = 15, Measurament = Mandibular helght {Co - Go)

Intractass Gomalation Coalfickent®

tractyss Cometation Coetticiat
Intreck a5 95% Confdence Interval F Test with True Valve 0
Cormiation® | Lower Bound Bound | Vaive di1 dt? Sig
g Measums [=F) E==T) 112904 4 20 000
A Mea sures 21 %58 o8 112904 4 20 .000
Two-way random etests mok bolh people effectsand nck

efiects 3
2. Typs C intsaciass commiation cosficients 1Sing & conselency definition-the betwesn- mensurm varanos is exclided from the denominior varances,
b The estimator is the same, wheiher the intection effect 5 presentor not.
©. Measurementil = 11, Massunsment = Lipper tacial haght (N - ANS)

MeasurementlD = 12, Measurement = Lower facial height (ANS - Me}

Intraciass Connlation Coofficknt

Intractss 85% Confdance Interval F Test with Tie Value 0
Comeiation® | Lower Bound Eound Vahe i a2 St
easues ansP 568 == 485822 4 20 .000
A Measumes iy 283 1000 436822 4 20 o0

TWO-WRY rAN0OM eflects mode] where both peopie effects & nd measures effecks am RAGOM.
0. Type C intackass coneiabon coficents usng e cong siency detinition-the behwesn-mee sure varknes 2 excuged fiom he denomiraior veriancs,
b. The atimatow ks the same, whet her the interaction atiect it present or not,
C. Mz2surament = 12, Measurement = Lower facial height (ANS — Ma)

Page §

Intackyss 95% Confidence Interval F Tast with Trye Vene 0
Cormetion® | tower Bound Bound Vales gt iz Sig
Snge Measurss EIEd E=r-) 993 104 798 4 2 000
Avergm Messumes 2 985 e 104 708 4 2 ond
Two-way mngom efiects mejed whe i both peopie etiscts and meatumes effacts are andom.

2 Type C Intraciass comebton costficen s using 8 consiency defindion-the between-measu & variance it excluder {om the denomineior varz nos.
b The estmator the same, whather the inieraction ofiect is present ornat.
<. D =15,

= i heght (Co- Go)

MeasuremeontlD =16, Measurement = Interincisal distance (U1 - L1)

tatrchass Comattion Gogflicknt”
Intrcizes 95% Contdence Inenal F Tertt with Truo Vaka 0
Cocrehtion® | Lower Bound Bound Vake an dfz
S Measures .an a8 TEEES 4 2 000
Aweacm Measyms .tx) 995 1.000 46653 [ -] .o
Tworway rand om affects model whem both people efiects and measues stfecls ars rendom.

4. Type Cintraciass comelation coefficients using 4 cons slency definbon-the between-measd 2 vartance & exciuded (iom the d enominains varanes,
b, The estimalor is the same, whethe: the Inferpction etiect i3 pesent or not.

G =

186,

=] distanos (Ut - L1)

Page 8
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MeasurementiD = 17, Measurement = Facial plane angle

Introciass Comalation Coofficiant
Intrach ss 96% Confuience Intenval F Testwith True Valu= 0
Coreiation” | Lower Bound_| Uppar Bound Vane dtt dr2 Sigy
[ SigENoasues | o6 852 908 | 384028 ) 70 000
Awerage Meewires 267 580 1000 | 34028 4 20 .000
Two-way rendom effects mode ] whars both paople efiscts 4 W medsures cllects an= madam.

8. Type: ¢ intmclass conelation comtiicients ysing g consisiency defiittn-the tishwen-messurs verance is e kided tom the denominaior varanos.
b. The estimaior s the same, whether the IniBracion stiect it present or not.
€. MeazyrementiD = 17, Measuremant = Facix plane anger

MeasurementlD = 18, Measurement = Angle of convexity

Intracinss Comslation Coofficien

MeasurementiD = 21, Measurement = Upper incisor to Naslon/A-paint

Intrackrss Comelation Cooffickat®
Intmeclass 95% Confidence Iniewal F Test with True Vake 0
Corebtion” | Lower Bound | Upper Bound Vae df di2
Enge Neators G ETH 8 | 276 908 | ] P —%ﬁ
Avenge Megsu s a7 1 1.000 | amom 4 20 000 §
Twio-waY NG OM efiacis MOdelwher: both peopie stiects and messures effects ame RO,

3. Type Gintractass comellion costicients using e consiiency definiticn-the betwesn-messum wriancs i exciuded (I0m the d &nceninaior varince.
b. The estimatoris the same, whather the ileraction ofiect i presant ornot.
C MeasuementiD = 21, Measuremant = Lipper incizor o Nasion/A-point

MeasurementlD = 22, Measurement = Lowser incisor to Nasion/B-polnt

Inteches Comalation Coulfickont®

Intraciasa 954% Confence Interval F Testwith Te Value 0
Corelation’ | Lower Bound | Upper Pound | vaiye dt S
ShE Neasues 982 903 | 1167626 ) 20 000
Avcrage Measures 99 27 1000 | 1167528 4 20 000
Twa-wary mndom etec

2. Typs C aitacisss

conelation

USng 8 Cox

15 MOGe | wheo both peopls afiects & i messyres effecis e rendom

the behusen- mensure varnce |s exclded from e denom|mior varsncs.
b. The estimaior it the seme, whethar tha nersction &niect & presentor not.
c. Measurement|D = 18, Maazurmant = A ngie of convexity

Measurement|D = 19, Measurement = A.B plane to Na-Pogonion

Pags ¥

Intciass 95% Confidence tnkerval F Test with Troe Veke 0

Cormeation® | Lower Bound | Upper Bound | vakie an di2 Sig
THEE Mezsures g 9% 297 264 16 4 2 -0aq
Avenge Naasyms 953 987 1.000 268 15 4 20 000
Twi-way random effects model whe e both people efiects and meazumes effscts tro mndom.

a. Typs C intrciass corelation cosffeents using a consistency definbion-the between-messu = variand? i excuded fiom the desominalorvaria e
b. The sstimator s the safd, whether the inmmction atiect i prsent ornol.
€. WeasuementiD = 22, Measyremen] = Lowes nc or 10 Nasion/B- pon

Paga 11

MeasurementiD = 23, Moasurement = Mandibular Plane Angle (FMA)

Iatrctass Gomelation Goatficien®

iraches Comiation COHiCknt
Intracl sz F5% Confidence Inkerval F Testwith True valua 0
Corelation” | LowerBound | UpperBound | vake atl a2 Sky
ing e Measyes 250 [==7) 402620 4 20 000
A Heosures 58 21 1.000 | 402520 4 20 000

Two-way random etlects model whers both peopis effects and measuies efiects ane random.
8. Type C intrariass conelation coatiiclents using & consiseacy darhition.ihe betwesn- men syra vamnce is excided oM The denamltsior varsnce,
b Theestimalor is the 58 me, whet her the interoction effect s present or not,
¢. MeasyrementiD =‘19, MEazurenast =A-B plens o Na-Pogon ba

MeasuramentlD = 20, Measurament = Interincisal angle

trackass Cormiation Coolficlon

Intmclass 95% Confidoncs Inieval F Tt wath Trum Vatus 0
Correbtbn® | iower Bound | UpperBound | vake dt orz Sg |
o Measuress Ed 557 R AT D £ 00
Avor g Measums oo 2rd 1000 LAY ] 4 20 2000

Two-way rancom efiectz model whem both pecole efiscts and imoasures effects ene random.
a Type C intracizes corehion cosficiante using a consisioncy defintion-the between- measy m varianos B =xciuded fom the danominaiervaranos.
b The estimaior |8 the same, whether the inferction efiect s presant ornot
¢ MessymmentiD = 23, Measumsmant = Mandibular Pl na Angis (FMA)

MeasurementiD = 24, Measurement = Lower Incisor to Mandibular Plane (IMPA)

atrackss Comakition Goglficknt

Intrachss 96% Confdenca Interval F Test with Tree Valua

Corelation® | Lower Bound | Upper Baund Valve di{ o2 Sg |
Sngle Measums 489 =5 172465 4 26 000
A Moazures 64 280 90 | 172455 4 20 000

Twouay RAdom effeck mooel where bath people afiects and measufes efiacts ane RAGOM.
a Type C nimckss conekibon coefMicients ushg ! initon-the baly
b The estinaios 4 the sa me, whether the inberaction stiect i passant of not.
e 0=20, = ntasing

varence ts exciuded from the denominator varian oe,

Page 10

Intaciass 5% Contdence inkeval F Test with Teys Vale O
| Corebton® | Lower Baund | Dppar Bound Vaue dn a1 Sz |
Shgle Nearutes =5 A0 == 1326538 4 F .000
Avesage Messyms 992 74 20 13268 4 20 000
Two-way randam =fiects mod ciwhem both peopie stiects and measyms atfects ane random.

a. Typa Cintraciess cormelalon cosficents using 2 o ¥ definibon.
b. The estimator ks the some, whether the ireaction sflect 15 pesen or net
€ MeatuementiD = 24, Meazummant = Lower incisor I0 Mandixiiar Plane i PAY

measi# varkanoe 5 excluded fiom the denomirator variance.

Page 12
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MeasurementiD = 25, Measurement = Frankfort Horizontal te Mandibular Incisor (FMIA)

Intrachss Gomelation Cosdficient
Intrack s 95% Confidence lnterval F Testwith Trie Value 0
Cormiation® | Lower Bound | U] Bound Vahe o1 df2 Sig,
eIucs 803 E=F M 4 20 om
Average Kooumes ) kAl 1] £9.411 4 20 M
Two-wey rsntom eflects madel whene both peopls afiects 4 g measdies oficcts ame medom.

o. Type C hirclass conelation costicients ushg @ consistency dafiition. the babwasn. measyre varknoe s exciuded fom the denominalor varnce,
b. The 2atimator is the same, whet her the Inferaction sfect B presantor nal
. MozsurementiD = 25, Messunement = Frankion Horlzontal 3 Mandituir Incracr (FMIA)

MeasurementlD = 26, Measurement = SNA

nwracless Gonlation Coalfickent
Intechas 95% Confidence Interval F Testwith Tz Value 8
Cormiation® | Lower Bound | Upper Bourd vale o df2 sig
Shgk Measurs iFd 204 o7 11528 4 20 000
Awverage Measures G065 a3 90 211.928 4 20 1000
Two-way mandom eflects model whers bath peopls eflects & nd measumes efects am mdom.

8. Type C ntrclass coneiation cosfficients using 8 conssiency defnilibn-the bety e hdad fiin the o varienos
O The estimator is the 52 me, whether the interacton etecl & present of not,
2. MeasuremenliD = 26, Measurament = SNA
Page13

MeasurementlD = 27, Measurement = SNB

htraciass Comlation Cootficiest

Infrackss 95% Confrience Interval ¥ Testwith True Value @
Oormtaiion® | Lower Round | Upper Bound Valim a1 diz Sig
SihgB Meosurs ] =70 3 SRR 0 70 00
Averacys ke Sums 29 L5 1000 7HEN2 4 20 000

Two-way random eflects model where both propis efiects and measures effects am mndom.

a, Type C nizciess coreiation ceeficients ysng &

definton-the bety

b The estimator ks the syme, whether the Inleractin efiect & preseator not.
©. MeasyementiD = 27, Mesasurement = SNB

Measursment|D = 28, Measurement = ANB

intractass GComulation Cooffickant

Intrac s 5% Confdence Inkerval FTesl with True Valua 0

Sormiation” | towerbord | Upperfournd | Vale T an [ an T s |
Eng Measums =TT 933 =:7) 295.000 4 20 000
Avarage Measurms o7 988 100 295 000 4 20 00

varanes is exc b ded from the denominaion varance:

Measurement!D = 29, Measurement = Upper Incisor to Frankfort Horizontal

intcixes Comatation GCoofficknt®

95% Confdence intarval

F Test with Trus Vaue 0

8. Type Cintracles= comeirtion comficients usinga

delnnbion-the betw

b. Ther astimeior s the same, whather the: int=raction efiect 14 present ornot.
¢ MeasummentiD = 22, Measurement = Upget incsor o Fankion: Heeirontal

MeasurementiD = 20, Measurement = Frankfort Horizontal to Nasion/A-point

Lowsr Bound | Ui Baund LELT) dt di2 Sig
Single Messures 933 = B0.422 4 2 000
Aveoe Measums 897 ] 1.000 =3.422 4 20 000
TwoO-vay randcm etiects model whe ke both PEOPIE Efiects and measu s effects ere random

variancs iz excludes tom the denominelorvaria nce,

ntractass Comelation Cooffickat®
Intrciass 95% Confidence Intswal F Tast with True Vake 0
Cometon® | tower Bound | UpperBound | Vake |  dn arz sg
ThgE Meatures o 2 £ E17.797 ] 1] 000
Avenge Measures. 508 933 1.000 517.797 4 20 000

. The estimator i+ the same, whethes the interaction efiect is present ofnot
€. MeasurmentiD =30, Measurament = Frankiort Horzontal 1 Nasionsk-point

Twi-waY fandom efiects modal wham both people effects and measuims affacts ans randon.
. Type Cintracizas correlation costficien s using a conaiency cefin o the betwesn. measure variance & axsuded {iom the denominaborvarance.

Two-way Fandom eftects model whers both people sflects and measyres eftects am RMOM.
2 Type C D cks conslabon comfiicients using & conssiency delinition-the Detwesn-Me sura varanca is exsiuded fom the danammaior varancs,
b The estimotor is the 3a me, whather the intermction fiect is present of not
¢, Me3sufeshentiD = 25 Messursment = ANB
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30Ceph Reliability -

MeasurementiD = 1, Measurement = Blporionic width {Po - Po)

rachs: Comilaion Coutficient
Infrac has 95% Confdence Interval F Test with Tie Valve 0
Cometation® | Lower Bound | Lipper Foung Vene art of2 S
ShgE Measues o6 5 1.000 | 6717651 4 20 000
Avroce Measures 1.000 9 1000 | 6747631 4 20 000 |
Twg-way RNCON effects morke| where both poopls effectsa nd measunes fiscts a7 RACOM.

2 Type C himckss conclation cosfiicients using & consisiency definition. the batwesn. messure varinee is exded from the deaominaior varknes,
b. Thoestimator s the sa.me, whether the invacton efiect i present of not,
c. MeasuremantD = 1, Mezsy mment = Blporont width (Po- P

MeasurementlD = 2, Measurement = Biorbltal width (Or - Or)

Inivaciss Comutalion Goolficiant

Intachyss 96% Oon(dence Inierval F Test with Trus Vaiue 0
Corpdation® | Lower Bound | Upper Bound Veahee dr dn? Sig
SigcMessumz | OiFF] g2 7 | 247520 I 20 ~000
Averge Measures 0% 985 1000 | 247520 4 20 .000
TO-waY random etk ts madel whore bolh peopis affects and measyres effecks am rRNdoM.
a. Type C nirclass cormiation using dafinitivn.the baty

varknce is excheded from the denominator variance.
b The: e=timalor is the same, whether the Iniseaction stiect is present or not.

©. MeaturementD = 2, Measumment = Biorbkal width (Or— Or)

Page 1

MeasurementlD = 3, Measurement = Bicondylar width {Co - Co)

mWackass Constalion Coatfickat

Intmcloss 96% Confidence (rarval F Tes! with True Valua 0
Comeiation® | Lower Bou tpper Bound | voks an df2 Sigy

Sngk Measums 1 9 1000 | 24777.997 [ 70 000

Average Massunes 1.000 1000 1600 | 24777.997 4 20 000

Two-wary random efiects mode! where both pecple eflects a nd measyres etiacts ars mndom.

a Type C niacikss corsiaton coeffickents using e conskiency definilion-the batwesn. mes sure varancs s exckded from the danominalor varenme
b Theestimaior is the same, whether the infsraction efiect & present or not.
€ MeasuyrementD =3, Meaasuemont = Bicondybrwilth {Co - <o)

MeasurementID = 4, Measurement = Blcoronoidal width (€ - C)

hatrackss Comuation Cooltickat

Intrchiss 96% Confiencs Intorva| F Testwith True Value 0
Cormiation® | LowerBound | Upper Bound Valoe it d2 Sig
B Megsues a51F B4 =) 1722 4 0 =)
A Measures @82 970 56 N7 562 4 20 000
Techway rom sfiecis moe | whe Doth peopt affects and measunes eflacts are fancam.

2 Type € intaciass conatation coetiicants usng n consiiency defiition-the betwesn-measurm varanos 5 sclided from e dapominator varanog.
b Theestimaior & the = me, whether the interaction efiect o pressat o nat
£ MaasyrementiD = 4, Measumment = Bicamnold al width (C - C)

Pege 2

MeasuremeontiD = 5, Measurement = Bigonial width (Go - Go)

Intraciazs Gosralation Coatfickent®

IntRckass 96% Confidence Inlprval F Tt with True Vake 0
Cometation” | Lower Boune [ Upper Bound veke an dr2 Sig
[ Shge Measures | et =) 1.000 | 11653045 r 20 .00
Avege: Measy es 1.000 1.000 1.000 | {1653.045 4 20 000
Two-way random sfiects moelwhe e both pacple efiscts and medsues cifects em random.

8. Type C Intraciass comelation cosfficients using a consisiency definkion-the between-mess: i varfance & excluded fom te denominsiorvarianos
b. The estimatoris the sams, whether ths inferaction stect r= present or not
€ MeesummentiD =5, Massumment = Bopnil width (3o - Go)

MoasuremoentiD = 6, Measurement = Palatal width (U6 - U6)

hatrackrse Gorreiation Goatticlaat®

Intracless 5% Confdence Inkeral F Test with Troe Vake 0
Cormbtbn” | Lower Bound | Upper Bound | Vake gt 12 Sa
s | 8| “662 985 44 856 T 20 000
Aver g Medsues 978 .92 957 44 855 4 20 000
Two-way random efiecis mod e whesm baoth paople aftects and meesuwes affecis ere rendom.
8. Trpe &i osfficients using & oo

devinEon-the between-messus warance i excluded tiom the denaminaior varance.
& The astimeior is ths same, whather the interaction efiect is prsent or not

©. MeazummenttD = 6, Measursment = Paatl width (U6 - US)

Page 3

MeasurementlD =7, Moasurement = Anterior cranial base (S - N)

Intrckss Comatation GoatBcieat’

Intmclase 95% Contfence inkeval F Test with True Vake 0
Comeiation® | Lower Bound | Upper Bound | _ Vake an 2 Bg
nge =] iR 990 1.006 2001656 4 20 Kii)
Averge Messu =z 1000 998 1.000 2001 836 4 20 2000

Two-way Ridom efiscts Midel whee both oeooks sfiects and measum:s aftects 3 2adom,

©. Typo Cinfractass coneirlion cosffcin iy using & conssiency definkion-the Hetween- mees i y2finos [ exciuded Tim Me denommsior verance,
b. The: estimalor iz the same, whether the interaction sfiect s preseot of not.
£ MossumentiD = 7, Measursmant = Ankerbrcrane| base (S — N)

MeasurementlD = 8, Measurement = Maxillary length (ANS - PNS)

Intrackss Comakation Gostfickent

Intnciass 95% Confidence Inkeval F Test whh Trus Vake 0
Correbton® | Lower Bound | Uppor Bound Vaue df 32 gg
Snge Measures E=g k== 1.000 | GABD 45 4 20 .000
Averpm Messums 1000 0 1.000 GAED 463 4 20 .00
Two-way random eflects mod s whem both paopie etiects and measumes sMects are mndom,

2. Type C infracizss comehiton coefficBnts ysing @ ConYEEency 0efnbion-ine between-measy /@ veranos s excudad f1om tha denominarvaranca,
b The estimaior ts the same, whether the interaction efiect s prsent or not

¢ WeasummeantiD = &, Measursmeant = Maxikary ength (ANS - PNS)

Page 4
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MeasurementiD = 9, Measurement = Mandibular length (Co - Pg)

ntractss Comlation Coslficient
Intrachss 5% Confidence (nkerval F Tesiwith True Value D
Comeiation” | Lower Bound [ Upper Bouwd | vake dty arz Sig
Lo — 23 TO00 | G2r27ae [ 20 000
Avcrtgt: Moo zures 1.000 @3 1000 | 5272794 4 20 .00
Two-way Rndom efiects mode| whare both peopiz &ftocts o nd measures effects are random.
2. Type C intmciass cormiation ¢ i usinga thes betwetn-mea sure vanence | sscudad from the da nominator varkn oz,
b Theastimator is the 52 me, whather the interaction affect i present or pot.
c =8 = length (Co - Fg)

Measurement|D = 10, Measurement = Mandibular corpus length {Go - Pg)

trackss Corulalon Codficient
Intracmss 9% Confznce Inierval F Testwith True Value 0
Cormhation® | Lower Bound | UpperBound | Value an az 1 sg |
IhgE Measues 1,000 =] 1.000 | 350M8.225 4 20 -0
Average Heazurss 1.000 1.000 1.000 | 36012225 4 20 000
Two-wey RNOom =fects mode | where both p2ople cfiects a nd measures sfiscts are rANCOM,

. Typa C ntrckes conslation cosficients ushg & comslency definitn-the between-moosure varance is exxluded from the denominator varience.
b. The-estimator is the same, whether the Inmracton anect i present or rot.
a. D =10, M pus ength (Go - Po)

Page 5

MeasurementlD = 11, Measurement = Upper facial height (N - ANS)

Iatrackss Comaigtion Coulficknt

Intracie s 95% _Confikncn Interval F Test with Tre Valve 0
Cormiation® | trwer Bound | UpperBound | Value dft g2 Sig
RIUES oo 959 === 4848813 4 20 .000
A Measunes 908 ) 1000 433413 4 20 000
Twoway Rndom efiscts model whens bath peopls efiects and measunes efiscts are Rndom.
a. Type C nbackess conettion costhcents usng & d on-the hety varknce [ exclded fiom the denominalor varnes,

b. The estimator is the same, whet her the Inkeraction etiect i present or nol.
c. Messursmentil: = 11, Measurement = Upper facial beght (4 - AN 5}

MeasurementlD = 12, Moasurement = Lower facial height (ANS - Me)

Iatraciass Gormalation Costfickat

Intrachzs 96% Qonfidenoe Interval F Test with True Valua 0
Cormlation® | Lower Bound | Upper Bound Naive i di2 Sy
SngeMeasums 2 988 1000 | 171138 + 20 000
A Mo sures 20 988 A000 ) 1T3E 4+ 20 ong
Two-way random etects moge [ whene both psopie siiects 2 nd medsures etiects ars rRndom.
2. Type Cintraciass cox i using 8 i defmton-the tely variance Is exriuded trom tha danominaior varanea,

b The esiimator ks the seme, whet ber the interaction effect is presanl o not
€. MeasyrementiD = 17, Maasuremant = Lower fackl haight (ANS - Me}

Page §

MeasurementlD = 13, Measurement = Anterior facial height (N - Me)

Intachss Gomalation Cooffickhat

Intrmcizes 95% Confifence Intewal F Test with Trus Vele O

Corretaton® | tower Bound | Upper Bognd Vale dn ar2 sg
ESTSEE 1 000% | = 1.000 | 12715 136 ) Fo] 000
Avemge Measury 1000 1.000 1.000 | 12718 1% 4 n .00x
Two-vway rendom effects modeiwher Doth peaple efiects ard messums effecis are random.

&. Type C Infractass correbion cocfficents using 2 consisincy defindion-the between- measu = variance i excluded fom the denomlngior varnee.
b. The estimalor is the same, whether the inferaction efect is prsent or not
< =13, = Anerbr fack N~ Me)

MeasurementiD = 14, Measurement = Posterior facial helght (S - Go)

nirachss Comatation Goslfickn®
IntRcks 95% Confdence taterval £ Testwith Trus Vee 0
Comeiztion® | Lower Bound_| Lipper Bound Vale df a1z Sig
Tngk Weasurcs — 1.000°] =) 1,000 | 13128382 4 £ 000
Ao g Measims 1.000 1.000 1.000 | 13128 382 4 20 000
Two-we Y random efiects model whe e bolh peopis sfiects and measumes atfects are rAAICH.
2. Type G infract e usinga detin tion-the b variance ¢ excluded foem the denomimaiorvarmnee.

b The echimetor 15 the same, whather the iiemction eflect i pesent ornot
<. MeasummentiD =14, Mezrsurement = Posieror fac | hesght (S - Go)
PagaT

MeasuremontlD = 15, Measurement = Mandibular height (Co - Go)

Intraciase Gomalstion Goafticlent®

Intaaciass 95% Conftdance |nisnval F Test with True Vake 0
Cormtinn® [ Lower Bound | UpperBound | Vele atl

Tige Nieasures [y 98 220 | 1324642 4 20 000

Averpe Maas es o5 587 1.000 | 1324.542 4 2 000

Two-way randomn effects mordel whess both Deopks sfiects and measues efiscts 2 random,

a TypC smeiation usinge geftntion-the betw variance i exciuded 10m the denominalo rvari noe

b The estimatoris the same, whether the bisaction st is pesert ornat.

. =15, = i height (Cc - Gd)

MeasurementiD = 16, Measurement = Interine!sal distance (U - 1L1)

ntmckves Comelation Cooffickat®

intaclass 95% Contdencs Int2val F Terst with True: Vame 0
Corention® | Lowsr Bound | Upper Bound | Vale EL ar2 sg |
Einglz NMeasums E BT 98 614,967 4 0 000
Avengs Massums 58 K== 1.000 614,957 4 20 000
Two-way raid om &fiects modef whe s both pecple effects and measurss sfacts are Rpdom.
a. Type Cntraciass cormeaton coficents using e defindion-the b ariance 5 excluded (oM e dendminzior varance,

b. The estimalor iz the same, whether the Inferoction efiect is pe=sant ornot.
¢ MeasummentiD = 16, Measutement = Iniernciszl distanca (U1 - L1)

Page §
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MeasurementlD = 17, Measurement = Facial plane angle

MeasurementlD = 21, Measurement = Upper incisor to Nasion/A-point

W iraciass Commiation Gosficlent

Intrachss 95% Confidence (nkerval e Value 0
Coneiation” | Lower Bound | Upper Bound darz Sia

ShgE Nessues B4 m2 a7 20 000

Averege hee suses =53 o84 20 000

Ted-way rondom effects mode !l where both people sfiects and measures stiects ane AMGAM,
8. Type G mirciass cor ¥ using s defniton-the tetween-mea sum varience Is excivded from the denominalor varnes,
b The estmator is the 5o me, whether tho intsraction efiect B presentor pot.
[:% =17, =Fechal pia

MeasurementlD = 18, Measurement = Angle of convexity

haclss Cormiation Coslficnf
Intrack s 95% Confbence Interval F Test with True Value 0
Coemiation® | Lower Bound | Upper Bouns | vake dr
"ETgE Remsums - ] G | 1396040 | r 20
Awroge Measures Ba Loxrd 1000 | 1348840 4 20
Two-way Rndom edects model where both people efiscis 6 1 ineasuics offects are random.

2. Type C nimciass consiation cosfiicients using @ comsiency defnitbn-the betwean-men sie varsnce it sockded from the denominalor varence.
b The astimator s the s me, whethar the inieraction atiect & present or not.
¢ MeasurementD = 18, Measurement = Angls of convexity

Pagad

MeasurementiD = 19, Measurement = A-B plane to Na-Pegonlon

infraciaes Comalation Costliciaat

nteckyss Comolation Costficiani®
Inteyciass 95% Confilents Intwal £ Test with Trus Vake ¢
Cormebatin® | Lower 8ound | Upper Bound | Vale an 12 Sig
o Wensures | G717 ) ER R a = .000
Averge Meazums 205 282 985 198 177 4 20 000
Two-way mndom efiects mod sl whem both people sfiects and maasums eftects are mndom.

2. Type C Infracizas cornelstion comtficsnts uting 8 consslency defintion-the betwaen-measum varianos it mecluded fom the denominator varance.
b. The estimelot is tha zame, whether tho nierection sfiect is prsent ornot
<. MessummentlD = 2{, Measuremant = Upper incisoe In Na sienfA-pont

.

MeasurementlD = 22, Measurement = Lower inclsor to Nasion/B-point

Intracires Comelation Coatficlent®

inhaciasy 95% Confience Inkerval F Test with Trys Velue O

Correhaton® | Lower Bound | Upper Bound Voke <ft a2 Sg
[hge Wessures | &4 S 55 B [ E] 000
Avergn Measums 570 B0 956 33,293 4 xn 000
Two-we ¥ rend om efiscts modelwhem both people etfects and M eesures affocts e re rendom.

£. Type G Intraciass cormslation cotficisnts using 2 conssiency defintion-the: betwaen-measu e varnos B exriudad 10m the deénoninalor varance.
B The estimanos is the same, whether the nierction efect is prsant o not.
< MeasummentiD = 22, Meszuremant = Lower e BOr 10 Na sion/B-point

Page 11

MeasurementlD = 23, Measurement = Mandibular Plane Angls (FMA)

traclass Comalation Coatficlant®

Intraciass F Test with Trug Value 0,
Corelation’ | LowerBound | Upper Bound | Vawe dft diz
gl Meosues E2EY =) Tra 966 + 20 00
A Measurss 85 1.000 T13.566 4 20 000

95% Contrence |nierval

Two-way random effecls mode lwhers beth peo pis efiects and measures effects ame Rndom,
8. Type C hirciass conetation costiicients using a consimncy datinition-the batwesn-measune varance [§ exckded 1M the denomimaicn varencs,
b Theestimator is the s, whether the interaction efiect & pressnt or not.
¢, MeasurementiD = 19, Meesurement =A-B pbneip Na-Pogonion

MeasurementiD = 20, Measurement = Interincisal angle

Intracies Comalaton Coafficikn

a, Type C niactass conslation

F Test with Trus Velve 0
Vals di{ a2 Sy
20602 4 20 0]
99.602 4 20 200d

Intachss 96% Conticence inkerval
Corelation® | Lower Bound | Upper Bound
SngE Measums | A20 E=5)
Average Measures 20 5568 963
Two-way ranoom etiects mooe | whers both pao pls eflects &0 MeEacunes efecks are mndom,

using @ fin D N-the bet,

b Theestimator is the same, whether the interection efiect & present or not.

G it = 20,

ange

varance is e uded from the derominakor varknca

Page 10

Inbrciasy 95% Confcence Iniarval F Test with Trus Vake 0
oometon® | Lower Bound | UpperBound | vaue aft a2 sg
Measures 4 55 167 244 4 Fl 000
Avers g Messums an Bt ool 152 244 4 20 000

Two-wey rendom efiects model whem both peopis efiects and measuwms sffects are rRdom.

e. Types Cintractass correbiion cosficients using 3 coas elency definbon.the between-messy e verkencs B exciuded 1om the denominaler varanos
b The estimain’ Is the same, whether the Interaction stiect is presen! or not.
o N Ho = 23,

= i Plane Angs: (FRUA}

MeasurementlD = 24, Measurement = Lower Inclsor to Mandibular Plane (IMPA)

tracixse Comelation Coafficlont®

Intraciase 95% Conftance Inemval F Test with True Voke 0

Corehton® | LowerBound | U, Bound Vahe an 2 Sg
Snge Measures aas” 680 9RO 33 856 4 20 .00
Avempm Messums 970 . ;] 57 33 806 4 20 000

Twa-way rand o efiects mexl el whe s both peopie stiects and measums affects are random.
& Type Cinlraciass cormeblion eosfficients using 8 coas BENCY definbion-the befwesn-measy i varianos & exciuded 110M the derominaor vara o
b. The: estimaine is ihe same, whether the nieraction etiect & presant ornot
& NeasummentiD = 24, Measurement = Lower incisor io Mandibur Plane (M PA}
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MeasurementlD = 25, Measurement = Frankfort Horizontal to Mandibular Incisor (FMIA)

a Type C intacks conedation coctiicents usng a

defniton-the bet

b. The estimeior is the same, whethar the interaction efiact & presant of not.

variance i3 exciuded from the denominaior varknce.

MeasurementiD = 29, Measuroment = Upper Incisor to Frankfort Horlzontal

2. Type Cintreciass comcielon coefficients using a o

derinbion-the bety

tnwackss Gomtation Costficka® IiRckss Gomalation Couficint
(rrchss 96% Confdence Inerva] F Tast with True Value 0 IntRcless 6% Confidence Inkval F Teest with T
Cometaton® | Lower Bound | Upger Pound Valee a1 diz iy Cormetaton® | Lower foung | Upper Bound Valie gf
TihpE Meosues . a5 231 S630 [ 20 000 SngE Weosurcs 7 a7 272108 4
Averpoe Mea sures 885 636 ] S630 L) 20 000 Averge Measues 6 -1 1.000 278,10 4
Two-way random affects mode|whars beth peopie offacts end meastres efiecks ars random. Two-way rend om eflects model wham bath peopls atiscts and meatutes offects ame rendom.

vartonce & excluded fom the denominetorimrizne.

. The eslimaior ks the same, whether the inieraction efiect is prsent of not.

C. MezzurementD = 25, Measurement = Frankiort Horzontal 10 Mandibub r tncisor (FRIA) ¢ Measumment!D = 73, Masturement = Upper [ncior o Fankiot Horizontal

MeasurementiD = 26, Measurement = SNA MeasurementtD = 30, Measurement = Frankfort Horizontal to Nasion/A-point

Intraciass Comadation Cootficient

Intrcirse Comairion Coofficient®

Intractss 95% Confidence Intenval F Testwith Tue Value 0 Intmciass 95% Confence Intrval F Test with True Vaie 0
Conedation® | tower Bound | Upper Bourd | veree dft df2 Sig Comeintion® | Lowsr Bound | Uppar Bound | vaie dtt dfz Sig
e Moasues =24 999 1000 | 436415 ) 20 -0 Tage Nicesures 962 O | 18672 [ 20 000
Average Mezsires 1 000 999 1000 | azmais 1 20 000 Averges Measu s 08 B2 1000 | saerz ‘ 20 009
Two-wey rendom sfiects modelwhens both peopis etfects and measures efiects ane Rndom. Two-vay random afects model whem both paople efiects and M ess ur-d offects ars random.

2 Type Cintmckiss conelation cosficents using & consisiency defiiton-the batwasn-men sure varence Is exckided from the denominator varenoe.
b Theestimaior S the same, whether the interaciion efiect B presstor pot.
C. Mogsyrement|D = 25, Measurement = SNA

MeasurementiD = 27, Measurement = SNB

Intraciess Gomstation Costficiea

Page 13

intchss 955 Contrence [mMenval F Test with True Value @
Cormiaton® | LowerBound | Upper Bound | Vake 1 d2 Sig
CLE T E—- 096 1000 | 5804931 T 20 005
A Measures 1,000 299 1000 | 580493t i 20 000
Two-way random etiects mode| whene 00tk peopke effects 2 nd measures stiects ame @ndom,

|, Typa C intaciazs conedation coeficients using s

finilio n-the hets

b. The estimaior s the same, whelher the Intemctibn effect & present or not.
¢. MeatuiementiD = 27, Measurament = SHB

MeasurementID = 28, Measurement = ANB

varkancs is exntderd from the denom neor verbnce.

Intrackass Comlation Coaflickn
Intrack == 5% Confidencs iefvar F Teat with Trie Yalus 0
Soneiation® | Lower Bound | Upper Bound Vaka art 412 Sy
ThaE Nensuess 976 98 845.216 4 20 000
Awerage Maasumes 256 1.000 B845.215 4 20 _ong

Two-way random eflects mode | whens both peopie efechs 3 maasumes effscts are random,

a. Type G niclass cormiation cosfiicients usng a consstency deiinition-the batween-intasure varanca 13 sxcuded irom hedenomingior varance,
b The estimator ts the same, whether tha interaction efiect & presant or noL
c. MeasyrementlD = 25 Neasuremant = ANR

Page 14

& Ty C infrackoss correiztion coeificients uzing 2 consisiency defintion-the between-neasu & sariznos & excluded fiom the denominaior varnos.
b The estimaloris the sams, whather the kiemection sftiect ks present or not.
€ MeasurementlD =30, Measurement = Frankiont Horzonta 1o Nasionss -point

Page 15
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CBCT{12) Reliability

MeasurementlD = 1, Measurernent = Biporicnlc width (Po - Pg)

Intracizss Comlation Coofticknf
Intrachss S5% Confidenos Interval - F Test wilth Tue Value 0
Coretation’ | Lower Bound | Upper Bound | Vame dit arz sig
§Ebﬂaaall°s P |7 1000 6866.073 4 20 000
Awerans Hoasures 1,000 899 1.000 | 6856.073 4 20 2000

Two-way rRndom effects mode Iwhens both peapies et ond measures effects are candam,
2. Type C Inbeclazs conelation coefiickentt using 4 consiency defiiton-the bebwemn. mea sy varience is s ldad fiom the denominalor varance
b The astimator is the same, whither the intéraclion efect & presestor not,
©. MagsurementiD = 1, Meatuement = Biparione witth {Po - Ao}

MeasurementiD = 2, Measurement = Blorbital width (Or - Or)

Intrackrss Conmlation Coolficionf

MeasurementlD = 5, Measurement = Bigoniaf width (Go - Go)

Inteckse GComatation Coufickat

Intmaciass 95% Confiferce Inkerval F Test with T

Corretation® [ Lower Bound | Upper Bouna dit
Sngie Measurey =z .88 1.000 ‘
Averign Messu ey 1,000 1.000 1.000 | 11227.604 4

Two-way random etiects model wher both pecple enects 200 Mmeztues effects ane random.
6. Type G introckiss cormeletion costfcients using a cons slency definkion-the betwern-measu e vanence i azcudad {om the d enominasior varanoe.
b. The estimsior ix the same, whether the inferacton etlect i present ornct.

C. MeasummentlD = §, Measyrement = Bgonial width (G0 - Go)

MeasurementD = 6, Measurement = Palatal width (U6 - U6)

Intrctass Comalation Goolficknt®

Intrack ss 96% Confience Inkenval F Test with True Value 0

Coretation® | | gwer Bound | Upper Baum Vake dH di2 St
Shge Measurs 7 EI 9 | 782788 0 ! 20 000
Awerage Measures 998 26 1000 | 78279 4 20 M

TO-weaay fandom cticcts modelwhere both propis offects and meesunes eftscts are ndom,
a. Type & nimciass conetation costiciants ysing a consiincy defiition-the between- messume varance is exchided fom the denom bty varkne.
. Theczlimalor is the syme, whether the interection affect & present or not.
©. MeasurementiD = 2, Measy emeni = Blorbita | width {Or - Or)

Intrclass 95% Confdenca inteval FTestwith Trus Vake 0
Ootrebsten® | iowsrBound | UpperBound | Wake | dft a1z
Ehgo Meesures o7 9 97 264,629 4 Frl
Averags Measums S5 987 1,000 264,69 4 20
TWo-waY rand Ofn efitcts modal whem toth pecpie efiects and measures sffects ana rancon.
4. Type G intreciass oo ing L defintion- the hetwesn-meazure varancs it exduded fom the denominalorvarance
b. The estmatoria the sanme, whether the inlermction efiect Is peseant ofnot
e D =g, 1= ua— ug)

Page1
Measurement|D = 3, Measuremant = Bicondylar width (Co - Co)
tatrackess Gomstaion Cooffician?

Intracless 95% Confdence Inkrvat F Testwith Tue Valye 0

Concioton® | Lowsr Bound | Upoer Bound | Vewe a1 of2
[ShgEWeasems | &0 H 1000 | 63338966 1 0
Avarage Measures 1,000 1000 1000 | 6333086 4 20
Two-way fandom effects mode hwharne both pennis siiects and measures efiects 4 random,

2. Trpa C nivackass corn i singa L defivition-the: betveen- mes surs varkance is excluded fom the denominetor variance.

b. The eslimalor is tha sa me, whed her the inteciion effect B presentor pot,
<. MaasurementiD = 3, Measurment = Bicordybr wilth {Co - Co)

MeasurementID = 4, Measurement = Bicoronoldal width (€ - C}

traciass Conulaton Coofticlans

Inracass 96% Confoence Inferval F Tesiwith Twe Value 0
Consation® | Lower Bound | L Eound Vake dt dr2 Sig
Sngle Messues ==l a7 1.000 | 7498374 4 20 c)
Averngs Mensures 1000 1.000 1.000 | T4SR3T4 4 20 0
Twoway random otiec s Mods]whens bth paopiz oflects and measunes effects ams @dom.
a Type C using a definltion-the bety varianca s exeuded from the denominalor varkancs

b. Themstimator is the 52 me, whether the inkerocton cfiect & present or not,
¢, MeasunemantiD = 4, Measu minent = Blegohoid &l width (O - C)

Pme?

Paga 3
MeasuromentlD =7, Measurement = Anter or cranial base (3 - N}
Eatraciass Comralation Coctfizioaf®
hbecloss 96% Confidence Inkerval F Tagt with True Vabe 0
Cormbtion® | [ower Bound [ UpperBourd | vale a2
=20 < il =5 [Er AT [ 20
Aven gs Measires 88 556 1.000 97 199 4 20
Two-way random efiects mod el whom both Deopie eflacts ang measums effocts ane ndom.
e TypaC wrehton i usnga detinition-the betwesn-measu® varance & excluded fiom the denominaior varancs.
b The estimaior is the some, whether the inierection efiet i prent ornot.
¢ Messuement D = 7, Messurement = Andefiarcranial bose (5 - N)
MeasurementlD = 8, Measurement = Maxillary length (ANS - PNS)
ntrackass Comatation Coatiickat
Intrrciase 95% Confiderce |niarval F Testwith True Vake 0
Comestbn® | Lower Bound | Uppar Bound Vake af a2 Bg
[T 52| 52 1.000 | 2745 851 | ] 0 53]
Avegn Moosums 1 000 2] 1.000 2713 A51 A 2 [151]

Two-way rapdom efects mod el whem both peopie efiects and measuses afects ame oM
2. Typa Cinfrackss comeblion cosificenis using 8 comsskency definlion-the betwesn-measu m varkanoe & excluded Tiom the denominzior varance.
b. The estimedor i the: same, whether the interaction efisct is passent or not
¢. Measummentl =8, Measyremant = Nisxikary lencgh [ANS - PNS)

Page 4
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MeasurementlD = 9, Measurement = Mandibular length (Co - Pg)

biachss Comlaton Coefiicat
Intrachss 95% Confidence Inkerval F Testwilh True value §
Sometation® | Lowar Beund | Upper2ound | Vaine dh arz Sig
EEDE Neasums L 203 1.000 18EB M6 a 20 000
Averoge Mea sures SE0 4 20 000
Two-way mndom afiscts mooewhene both peo pls
a. Type C intnclass conslation coefficients 1Sing ¢ consislency definilion-the: hety o i fuded from varignos

. The astimeior |s the sa me, whelher the intaraction sfiect I presentof not,
c. D=3, ment = length (Co - Fd)

MeasurementID = 10, Measurement = Mandibular corpus length (Go - Pg)

s s Comlalon Coafficient’

MeasurementlD =13, Measurement = Anterior facial height (N - Me)

Intractase Comolation Goofficient®
IntRclxss 25% Confidence {nisnval F Test with True Vake D
Corretaton® | Lowsr pound | Uj Biound Naks att ar2 Siq
Sues w7 983 1.000 1933381 4 0 000
Avermge Measume 203 996 1.000 | 1933381 4 20 -000
Two-way mndom efiects model whee both peopie efiects and messurs eflect= ane random.

2. Type C Intraclass cormelion coetiicma ks using a cans riency definbion-the between-measum varimnos ks ezcluded fom the denominaiarvars nos.
b The estimaior is the same, whether the inlsmotion efiect i present ornat.
c =13, = Anemr bt (N M)

MeasurementiD = 14, Measurement = Posterior facial height (S - Go)

latiaciasy Comabation Goslfickeat

[EigE Weesums

Average e suces

95% Confdenos Imierval

TwO-iay N6GOR Effoc

8. Type C ntrclass conmiation cosificlents usihg

the bety

varanee i3 excluded flom the dencrminaior varknee.

Intmciass 95% Confidence Inenval F Test with True Vake 0

Cormeiation® | Lower Bound | Upper Bound dft an2 sa |
Bogk Nensures ==t 1.000 “ 20 .000
Average Measums 1,000 909 1.000 | 32169 [ 20 000
Two-way 1300 o Sfiects model whee both peoplo fiects and meesues effacts are random.

D. The astimator is the sams, whether the Interacton efiect is present or not
o =1g, = conmus kagth (G- Pg)

Page s

MeasurementiD = 11, Measuremert = Upper facial height (N - ANS)

#.Type Cintractass comeiion Gomfilc Bnis LSing 8 consitiency defintionthe betwesn-messy & wriance 5 excluded fiom the denaminsiorvarience.
B The cslimeioris the same, whether the intemetion afiect s prsent ornat.
©. MeszuementiD = 14, Maasumment = Posierin tacial hexght (B - Go)

PagaT

MeasurementlD = 15, Measurement = Mandibular helght {Co - Go}

Intractase Comolatios Goatficient®

vtrackes Cormlation Coafticienf
intrachse 96% Confdencs [nervel F Test with Tue Value 0
Cormlation’ | (owerBoond | UpperBound | Vawe dit
=] @203 1000 | 30384825 4 20 000
A Meazures 1000 209 1000 | 3636825 4 20 gﬂ
Two-way @ndom afiects mode | whem both people efiects & nd measures efiecls are random

&, Typs Cintacia=s conedation cosfiicients using 4 COMSEENCY definlon-the bebvesn-mes sure varanca is mec ided from e de nominaior verhnoe,
b Theestimaior is the same, whelher the interectin efiect o pesentor not.
¢, MeasurementiD = 11, Meesurement = Upper tacial haght (N - ANS)

MeasurementiD = 12, Measurement = Lower facial height {ANS - Me)

Intraciass Comadation Coolficient

Intachss 95% Contidence Inkervat F Test with True Value 0

Sormiaton® | Lower Bound | Upper Bound | Valve an o | Sg
EngE WMeas ey 1.000°P =1 1.000 | 13116158 4 26 .000
Awerage Measunes 1 000 1000 1,000 | 13116158 A 20 .000

TwO-way rendom etfects model'whans both prople stiscts 2 measures sfiscts are —pdom,
2. Trpe C ntrciass constation coaflicients using a conssiency dathitl h-the: between. measyre varanos is exciuded rom the denominaior varinee.
. Theestmalor Is the 58 me; whether the inferaction sfiect 8 presentor hat,
<. =12, = Lower t (ANS - Me)

Pege d

Intmciasy 954 Contidence tieval F Testwith Trye Vaie 0
Comekton’ | Lowsr Bound | Upcer Bound Vahs df 42
[Enge Weasures | 0 298| B1973 [ =
Avemop Messums o066 264 1.000 B1.973 4 20 000

Two-wa v random efiects mod=lwhem both Deooke efiects and Measurcs ofiects ans random.
a. Typa C intraciass cormtiaton coeffcents using & consislency definbon. he betwees- messu i warance © excluded fom the denom|nainvar nos,
b The estimeio: is the same, whether the inimeaction effect is pesent ornct.

c. MeasummentiD = 55, Measursment = Mandibular heght (Co — Ga)

MzasurementD = 16, Measurement = Interincisal distance (U1 - L1)

tntractass Commakation Coafficknt®

Intrclass 95% Confidence Interval F Tst with True Vane 0
Corebtion® | Lower Boung | Upper Bound Veua an a2
Mieasures == 208 | 126280 * 20 000
AveRos Meesums .27 287 1000 | 123609 4 20 .000
Two-way RN eflects mod el whe m Doth people stecls And Mezsurs elfects ane RAndom.

=, Typa Cintraciass cormeiion cosffcents using 4 consEency defindion-the between-measu B vardance & excluced fiom the denominaior varknoe.
b. The estimaior is the 5ams, whether the: hieraction efiect is present ornot.
©. MeasymmantiD = 16, Measumement = Inemcsal detancs (U1 - L1)

Page B
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MeasurementlD = 17, Measurement = Facial plane angle

tnirackers Commlation Cosffickr

Intrachss 95% Confdence Inerval F Test with True Value 0

Corretation® | Lower Bound | Upper Bound alus i1 dtz Sig
ShgE Neasues = 3 1000 | 1457 190 [ 20 000
Avereqe Heasures 2% ==Y 1000 | 197,190 ‘ 20 .000
Tei-way rancom ffecls modelwhere both peopie eflects £ nd messyres etiects are random.

8. Type Cnirciass conclation costiicients using 8 consElency definition-the batwasn mee sure variknce ks axcluded tom the denominzion varkence.
b. Thaestimalor is the same, whethas the interaction effect s presantor not
c. D =17, t = Fachl

MeasurementiD = 18, Measurement = Angle of convexity

hatraclss Comiation Goatficlnt
Intrackss 95% Confence Inkenval F Testwith True Value 0
Conmizten® | Lower Bound | Uppor Bound | Vale ) arz g
[SegEmecsies | = 841 A EED ¥ 30 000
Awerage Mea sumes 57 fes]i] 1.000 346 385 4 20 00
Two-way Mundomm efiects oo where both people effects s nd messures afiscis are rEndom.
4. Type G intaclass % using & o n-the between- mes sure varince it sxciuded trom the denominaior variance,

b. The estimator 5 the oume, whather the inefacton sfect s presentor not.
©. MezsurementD = 18, Measurement = Angis of convexily
Page @

MeasurementiD = 19, Measurement = A-B plane to Na-Pogonion

Intackss Comlation Goaffickent

Intrachas 95% Contdence Inkeval F Testwith True Varue 0
Coreation® | Lower Bound | Uppergound | vate il dr2 Sigy
easums i 2% == 23181 4 20 000
A Mea sures D7 ) 1.000 228151 4 20 000
Two-way random efiects mode | whene balh people effects and measures efiects are @adom,
a, Type C intockass cormtation ¥ using & E ¥ delinitioa-t erchuded from the denominator wasance,

b. Theestimator is the 52 me, whel bar the interaction sffiect B presentor not.
¢ MessirementD = 19, Measurement = A-8 ple na 1o Na-Pogon be

MeasurementiD = 20, Measurement = Intarincisal angle

Intraciass Commlation Goafficlont

Intrack ss 96% Confosnce Interval F Testwith Tue Valve 0

Coreiation® | Lower Bound | Upper Bound Vale oi at2 Sig
[EngE Messums | (0| ] EAEZER ] 20 000
Awerage st 28 1000 | 27on3 4 20 000

Two-way randam effects mode| where both peopis eflects and measues etiscts 2m @AMGOM,
a Type C nisclass coretabon cosificients using @ consislency datiitin-the batween. messyrs varbnomis em; ided (om the oenominator variance.
b The estimator s the o me, whether the Interaction efiec] 8 presaator not.
[ D= 20, =

Page 10

MeasurementlD = 21, Measurement = Upper incisar {o Nasion/A-point

Intractass Gomelation Costficlknt®

Intmckes 964 Confiieaca Inmwal F Tast with True Vawe 0
Comeirtion® | Lower Bound | Upper Bound vake | dft a1z Sy
Snge Meosures Bl 802 992 83,953 [ £l 000
Averge Measures oM 551 2eg &3 95 4 2 000
T4io-we Y Mndom efiects Mode! wher both peopie ofiects and measums affects are random,
2. Type C intrack { using s cefinibion-the: beetweein- measu e variance = excluded (om the denomineiorvarancs.

b. The estimetor i1 the same, whether the ineraction efect is pesent ornot.
<. MexsyementD = 21, Maxsutdment = Upper ncisor 10 Ma sion/A-point

MeasurementiD = 22, Measurement = Lower incisor to Nasion/B-point

Iirciass Comalation Cootficiant®

Intnchss 95% Confdence Intewal F Test with True Voke 0
Comoetion® | LowerBound | UpperBound | vake aft dt2 Sig
Enge Memsures 55 811 E=r) EECT 4 F] .ong
Avery g Neazyms 580 963 905 93 95 4+ 20 000
Two-way Andom efiects modal whem both peopie efiects and meas s effects are random.

. Typ= C [ntrackess corelbtbn cocticients using o constiency defintion-the batwesn- meas & vafance 5 excluded fom the denominator varence.
b.The estimetorts the same, whather the inierection efiect is presant ornot
e, MeasyementiD = 22, Messuramant = Lower incisor 10 Nasion/B.- point

Page 11

MeasurementlD = 23, Measurement = Mandibular Plane Angle (FMA)

Intractrse Comatathon Coatficieat®
Intmckss 95% Confdenca Intsrvai £ Tes! with Trug Vele 0
Cormeeton® Nals ott dt2 Sig
O NMeasyits 526.900 4 20 000
Avemie Maasy B3 8 983 1000 526.900 4 2 (000
Two-uny oM eflect model whem both peopie efiscts and mesasures offocts ars Rndom.

u. Typs C [ntrachiss comelatbn coatffizn ks vsing 8 consslncy defintion- the batwesn. messu ® varknce i excluded fom ihe d 2aominar varance,
b The estimator is the same, whether the inieraction effect is pesent ornot.
e D=2, = Phine Angis FMA}

MeasurementiD = 24, Measurement = Lower Incisor to Mandibutar Plane {IMPA}

Intrackaes Cometation Costficient®

Intciazs B5% Confdence Ini et F Test with Troe Vake 0
|_Cormeftion® | Lowsr Bound | Upper Bound Vale an ar2 Sg |
= e Weas urss 7 d 907 a7 28371 4 0 .00
Avesgs Meatu es 225 e .x3 935 208371 4 20 2000

Two-way rzedom affects modad whe s both people efiects and measyms affects s andom,
a Type G Intracioss cometsi on cosffkien b using @ consiiency definkion-1he betwesn-measu i varancs & excluded Fom the denmom nsior vank ioe.
b The estmator 13 the same, whether the interaction efiect ks pesent ornot.

C. MensuementiD = 24, Messurement = Lower Inclsor io Mandibubir Plane (MPA)

Page 12
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MeasurementiD = 25, Measurement = Frankfort Horlzontal 1o Mandibular Inelsor (FMIA)

tactyssComtaton Goalficiest
Infraciss S5% Conitenoe Intervel F Test with True Value 0
Conelation’ | Lower Sound | UpperBound | vale an diz sig
ENQE MeasIEs 967 80 E=C) 178.682 4 20 000
Avcrege Men surey 04 980 20 174532 4 20 000
Two-aay r3ndom Siec i mode | whers both people effects end meassures efiects ene random.
o Type Ci using & L definition-the bebuween- measu e varance is exclided from the denomingior varknos,
b, The ectimaior is the sama, whether the interction sttect i presantor nat.
€ MeasymmentiD = 25, Meesurement = Frankiot Horzonkal 1o Mandibsla r Incisor (FMILA)
MeasuremeontiD = 26, Measurement = SNA
Intrachss Gomdation Goalllcicof
Intrachss £5% Confidence [nkerval F Test with True Vatue O
Cormiation” | Lower Bound | Upper Vaue dry ot2
ZhgE Neesues ST 9A5 28 174R0 4 0 i
Awerage ke suies 29 27 1.000 | 1374390 4 20 000
Twgssiay random efiects model whens both paopia efects 4nd Messums efiscts are random,

8. Type G intmclass conelation coeflicients using a consisiency defiition-the: mm"msumli"zr'anm 13 exzluded from the denominator variance,
D The astimaior is the =2 me, whether the interaciion effect Is presantor nat.
<. MeazurementD = 26, Mrasyremant = SNA

Page 13

MeasurementiD = 27, Measurement = SNB

mractes Comalation GCoafficien?
Intrecie 33 9% Confidence Insrval F Tes1with True Valus 0
Corctation’ | LowerBourd | UpperBound | Vake dh df2 Sg
SRS £ 279 90 1000113 4 20 000
A Measures 909 837 1000 | 1009413 L3 20 0o
Twoway rngom efiects mode|whers both peepi cfiocls ond measures efiects ane random.

a. Type Cnimciess conslation cosfickents usng a corssiency definition-the betwesn-mea sure varancs is exclded from the dehominalon varance,
. Theestimalor |5 the shims, whether the interaction efiect i pressnt o oL
. MeasurementiD = 27, Massuremont =SNB

MeasurementID = 28, Measurament = ANB

ntrachss Comlation Coatfident
Intrac s 95% Confdence Interval F Testwith Troe Value O
Cormiation® | Lower Bound | Upper Bound Vale o drz 5ig
Ehgh Weasums == 987 =] 618 241 4 20 000
Average Mea sitres 508 594 100 | 818241 4 20 000
Twd-way random efiects mode! ] od efimcis are @ndon.

a Type C nizcass cormiation costficients usihg 2 conskiancy definiion-the batwesn-measums varance is excudad from the denomiralor varenas.
b The estimator o the same, whether the int=raction tiect & present or not
€. Measuramealil = 28, Measursment = ANS

Page 14

MeasurementlD = 29, Measuremant = Upper Incisor to Frankfort Horizontal

Intractans Corraiation Cosfickat®
Intmelass 95% Coufdente Inerval F Test with Trus Vake 0
Comeltion” | Lower Bound | UpporBound | vawe | _dr oz | 59 |
Singks Weatumes 78P 7 207 272805 20 .000
Averoge Meosues o] 987 1 000 272 505 4 20 000
Two-way rad om effects mogel vhe e both pecole stiects and messues &facts are mndom.

& Typs Cintrackass conelation conffiien ts using a cons atency definticn-the: batwsen-mess & variante & cxcuded hom the denominsior variance.
b.“The estimaior is the same, whether the infsracton sfiect is present or not.
€ MeasummentlD = 23, memsurement = Upper incieor 1 Frankiod Horzontal

MeasurementlD = 30, Measurement = Frankfort Horizontal to Nasion/A-point

Intractazs Gomalation Goatliclen t®

intaciass 5% Confidence thienval F Test with True Vel
Corebion® | Lower Bound | Upyer Bouwd | Vawe dn
Shgk Mceaures El 2660376 [}
Averge Nagsyms 100G 2950376 4
Two-way rendom affects model whem both paopie etiscts and MEGsures efftocts em mndom.

2 Typ= C Intracless corelaton costficients using a consisiency definbion-the betwesn-massum witiance & excluded fom the denaminator vari nos.
B The etimator s the same, whethar the interact n effect |s pressant of not.
c. MeasummentD =30, Mezsurement = Frankiort Horzonta 1o NasionsA-point

Page 15
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CBCT(9) Reliability

Measurement|D = 1, Measurement = Biperionic width {Fo - Po)

Intractass Commlxtion Coalficiant

Intreckss 96% Conlidenon Inferval F Tastwith True Valua 0
Coretaten® | Lower Bound | Upper Bound Vake ot drz Sig
e Moasu s Erd Exd 90 | 71819 [ 20 1000
A Messures 29 595 1000 ) 715129 [ 20 000
Two-wey random afiecls both peo pl efieis 4 od cliects ck
&. Type Cintmciass conmlation cosficients using a const dethito varence is exchuded fom the denominelor variance.

b. Theestitmaies ks the sama, whether the intsraciion eflect b prasentor aot.
. MeasurementiD = 1, Measument = Blpoidne wilth (Po - Fo)

MeasurementlD = 2, Measurement = Biorbital width (Or - Or}

intractass. Conulalion Cooffickinf

Intraches 96% Conidence Inierval F Test with True Value 0
Corelaton® | Lower Bound 1] Bound Vel il di? S
Singkz Masures e =) 1.000 [ 3009897 4 20 000
A Meagurss 1.000 999 1.000 | 3008467 4 20 2000
Tworwey rendom atfects both pecpl etiects
2. Typa Cintmciass ‘ using a defhitin-the botwesn- measume varancs is exckidad from the denominalor varbnea,

. The estimalor is the me, whether the inferaclion efiect s presestor not.
¢ MeasurementiD = 2, Measusment = Biorbila | width (Or— Or)

MeasurementlD = 3, Measurement = Blcondylar width {Co - Co}

btrackhss Conmlalion Cooffickat

Page 1

Intrechss 5% Contoence Intenval F Tost with Trys Valus 0
Conmition® Vawe art df2 Sig
=] 24 805.452 4 20 000
A Mea syies B9 S05.463 4 20 000
Two-way Rrdom atiects mod both people efiscis are random
e. Typa € intaciass ushg definitirn-the Dabwber- e vatanas fs exided from he denommalon varance,

b. The estimatot 14 the same, whet har the ineaclion effect 5 presentor nol.
&. MeasurementiD = 3, Meoesummeni = Bicandy b width (Co - Ga)

MeasurementlD = 4, Measurement = Bicoronoidal width (C - C)

Intracioss Comdation Costtlckaf
Intrach s 95% Coniidance Iniesval F Test with Tue Value 0
Cormlation | Lowes Bognd (U Boung Nale an 412 Sig
oac 1es &7 100G | 8174163 + 20 .00
Al Men surss 1000 1.000 1000 | 8174163 L] 20 000
Two-way r2ndom miects modelwhers both peopis eflects and measures effects ars mndom.
a. Typa ¢ niaclass conelation coethoents usng a - the bety is excluded trom the varknce.
b The estimalor is the sa me, whether the Interaction effiect i present or not,
©. Measuremant( = 4, Measy emwent = Dicoonod 3l wadth (C - C)
Pme2

Measurement|D = 5, Measurement = Bigonial width {Go - Go)

Intractass Comalation Coatfickatt

Intmclass 95% Confdence tnlanval F Tesi with Tre Vae
Comestion® | Lower Bourd | Uy Bound Valus dn a2 S
Sngle Moesures = a5 8| 188 4 0 000
Average Measures 20 957 1000 | 1354 268 4 20 .000
Twio-war y fahdom efiects model whe i both pEODS eNects and inessuies clfocts ans ndom.

a. Type Cintracizss comehtion costfEnds using & consBIERCY definon-the: betwaen-meest = verkanos i axcluded 1om the denomneior vars s
b. The astimator is the sema, whethar tha inferaction efiect Is pesent or not
c. MeasurnenttD = 5, Medsurament = Bigonsl wilih (Go— Qo)

Measuremeni!D = 6, Measurement = Palatal width (U6 - UG)

latrackras Comobation Coofficient®

intrack 5% Conftience Intervel F Teest with Tree Vake 0
Correttbn® [ Lower Bound | Upper Boand Vaue dn 2 s
[ ThoE Weasures | 5905| =) =3 572 696 [ 20 600
Avenge Measums 294 504 1.000 b 572635 [} ] 000
Two-way rANdam Aeci: hod oth pecpl and |
2. Typs Gl i Tk usinga E defini vanance & exciudad Tom the denoninsior varance.

b. The sstimakoris the sams, whather the nsmction stisct is pesent ococt.
c MeasummentiD =€, Moasurement = Pakz &2l width (U6 - L6)

Page 3

MeasurementlD =7, Measurement = Anterior cranial base (S « N)

Intrciass Comakathon Coatfickat®

Intmckss 95% Conftience Inkanvat F Tesl with Trus Vame 0
Cormmation”® | towsr Baund | U Bound Valem daf at2 Sig
Eng Weazures — & =) TO0 | 285,655 ¥ E] 000
Aveam s Messums 1.000 he2) 1000 | 86825 4 b .000
Two-wa v random cfiects madel wheme both peop and fhex random.

2. Type C introciess cormebion coelficmn ks using e consistency cafintion-the between-meazum varance & excluded fiom the denomin2ior varence.
b. The eslimeior iz the seme, whether the nieraction afiect Is pesent or not.
<. MassummantiD = 7, Measyremant = Anterbroranial base {S - N)

MeasurementlD = 8, Measurement = Maxitlary length (ANS - PNS)

Intraciess Gomrelation Gosffickent™

Intractase 95% Confdenca lnrval F Tost with True Vake 0
Corehaton® | Lower Baund | U Bound Vaus af dt2 S
Shge Measures 2P| 5 1.000 188 790 * 20 000
Avemspn Maasums 1.000 29 1.000 | 4185 790 4 20 om

Two-way random eflects mod el whe e bolh peopie efiects and meesums sffecis are random.
a. Type C iniraciass cormelation cosficien s using s consielency definlion-the betwesn-measy = varience B exciuded (om the dencminakorvarkanos,
b. The estimator is the same, whether the: interaction effect is peseni ornot
c. MeasummentD = A measurement = Maxilary kencin (ANS - PNS)

Page 4
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MeasurementlD = 10, Measurement = Mandibular corpus length (Go - Pg)

introckss Gomatation Gouffickamt

Intrackss 96% Confidence nterval F Test with Trua Valus 0
Conetation® | | ower ound | Upper Bound | vake dit dr2 Sig
[Shge Meezamz | o] E 1000 | 4267652 ) 20 000
Anarege Messyies 1.000 899 1.000 | «267652 4 20 000
Two-way random effects Dboth pao pis efiacts are randam.
2. Type C intmctess cormiation coeticients using a cons Elency definitibn-the bely is exchudey] from werlanoe

0. The estimator |3 the:same, whether the intevection affect is present or not.
€. MezsurementiD = 10, Massurement = Ma sdiubr corpus length (Go - Pg)

Measurement!D = 11, Measurement = Uppor facial height (N - ANS)

Iniaciyss Comatation Costtickant
Intrecines 95% Confienos Inferval F Tt with True Value 0
Oomeiaton® | Lower Bound | tppereound 1 valke an o1z
ShgE Weesues E23 @92 1.000 | 2668 B37 4 20 000
Aversge biesa sures 1.000 &9 1.000 | 2658 637 4 20 00g
TwC-way random eflects mode| whans both pecpis efiects 8 nd messures aflects are randch.
2. Type C nimciess cormdation c ok e L ition-the betwesn-mea sune variance |t exided fom the denomimelor varienoe:

b The estimator & the sa me, whether the Intsrction efiect & present or not.
o MeasuesmentD = 11, Measurement = Upper Sacial beght (N - ANS)
Peags §

MeasurementiD = 12, Measurement = Lower facial height (ANS - Me)

Inwackss Comalation Coofficlont

intrRchss 95K Confidance Interval F Test with True Value 0
Conetation® | Lower Bourd | Uipcer 8ound aloe dit o2 S
TNgE Messums 1 00| £ 1000 | 16063.007 4 FL] 000
| Average Measures. 1000 1.000 1.000 | 16053 001 4 20 000
Two-way random effects oo whem both peo pis sfiects a nd measures efiects am RGO,

2. Type € intAckass conslaton coalficents using & conssiency dafinilion-the between- mEasuia varinoe i1s exchided from the denominalor varan s,
b The extimator ks the sama, whelher the interaction eflect & present or not.
€. McasurementiD = 12, Meesyrement = Lower facial heght (ANS — Ms)

MseasurernentiD = 13, Measurement = Antorior facial height (N - Me)

Itrackss Comlation Gostficient

Intrachse 96Y, Confidenc Injerval FTest with Tug Value 0
Corelation® | Lower Bound | Lpper Bound Vahe o dr2 Sg
Snge Measyms P 296 1000 | 5651136 [] 20 003
A M=o s 1.000 929 1000 ; 5851.136 4 20 2000
Two-way random etiects mode| whers both peope efkrk and measures sfiscls e random_

8. Type C ninciass consiation coeflickents ushg @ corssency defimion-the betwesn-measure varsnos is scudsd Imom the denomiior varanees
b Theestimator is the same, whether the interoction ofiect i present or not.
2. MeasuremantiD = 13, Measurement = Anlerior 3Gk | heght (N - Ma)

Pge

MeasurementiD = 14, Measurement = Posterior facial height (S - Go)

trciess Comadation Cootficieat®

Inimelass 96% Confidencs Intava) F Testwith T Velus O
Correbition® | Lower Bound | Upper Bound | vene aft _ o2 T s5g |
Single Measures Es 7 1060 1666, T3 4 20 .aca
AverRg= Messurts 209 508 1060 | 1685 734 4 20 .0cg
Two-way random efiech mad et whes bath peopie &fiects and measums atfects ane random.

8. Type & Intraciass corrsbtion cosfiicents using s consisiency defin Hon-the betwoen-messu e varenoe b exchider 1im the denomineior vare nos .
b. The estimaioris the same, whether the nierctin efiect it present ornot,
€. MeasummantiD = 14, Meaturement = Posterion ace| height (S - Go)

MoasurementiD = 15, Measurement = Mandibutar height (Co - Go) )

trckss Comalation Coatfickat™

IntRciats 95% Contfdence nkewval F Tt with Troe Vake 0

Conpaton® | Lower Bound | UpperBourd | vale af gi2 sig
EFLCES L) =3 67.718 [0 F] 000
Average Measy s L] o8 25 57 718 L) p] 000
wO-way rendom ciects model whe e both pecole efiects snd measums atecis ane random,

0. Type G infractass cormeblion coeift ients using o cons EEncy defintion-the between-meesu i verdance b sxchyded fom the denominaiorvara e,
b. The estimalor is the same, whether the inieraction eflect is presant or not.
c D =186, = heght {Co - Go)

Page 7

MeasurementlD = 16, Measurement = Interincisal distance U1 -L1)

Intractass Coraiation Coolfickoat

Intrclass 95% Confidencs Interval F Tes! with True Veke 0
Cormintin® | {ower 8ound | Uipper Bound Vake an df2 Sig
o€ Meosures | G9eP| ] 1000 | 2602304 [ 20[ i)
Averagn Measums 1.000 =) 1.000 | 2502304 i 20 000

Two-way AnGom effects model whe ke both people effects ard measumes effscts are random,
4. Type C Intractass coxredat on coeffeents using e consiency definbion-the between-measum varisnc & excluoed 110 ihe denominaiorvar noe,
b The estimelor s the same, whether the intsmctinn efiect is present ornot.
¢ MessurmentiD = 16, Measursmant = Inferincisat distance (LM - L1)

MaasurementiD = 18, Measuremsant = Angle of convexity

latractes Gomalation Goafficient®

Intcirss 95% Confrence Inwrval F Tost with Trus Vel 0
Cormbtion” | Lower Bound | pper Bound Vakg an a2 sg
ures 8807 BT 283 B2 761 4 20 .60a
Averngs Measims 988 S84 1,000 62 751 4 20 000
Two-way rand om eflects: mod| both pecy and RAndom.

. Typs Cintraciaes corretalon coeticients using 3 CongSiency datinton- e betwonn- easu e verence i axciuded 1om the denominainr varance.
b. The estimaior is the same, whether the nieracton efiscl is pmsaat or not
€. MeasurmnentiD = 14, Measurement = Angle of convex ey

Papa 8
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MeasurementlD = 19, Measurement = A-B plane to Na-Pogonion

MeasurementiD = 24, Measurement = Lower Incisor to Mandibular Plane (IMPA)

Intracixas Comalation Goolficiant®

ntrackss Comdation Coatficlant
Intraciess. 95%, Confide noe |nienval FTest with Trus Value §
Commiation” | Lower Baund | UpperBound | vaie dft gtz Sig
ShyE Wessues EM arg 28 =TI 4 20 -00¢
Averoge Meosurcs i) 985 1.000 06,846 4 20 .00g
Two-way rindom afiects modalwhens both peopo cffocts e nd measures #ects sre endom.

4. Type C intactass cormiation coefficients using & consirncy dethilion-the betwasn- meesum varbancs is excided from e de nomineion varkings,

b Thaestimator Is the s2me, whethar the Intareciion efiect = prosant or not.
€. MezsurementiD = 19, Maasurement = A-B pane o Na-Pogon ibn

&. Type CIntraciass cormebt on costicients using e

Gfinion-the

Inimclass 954 Confidence Intenal F Test with Trus Vele O
Comeiation® | Lowsr Bound [ UpperBound | vaue dri ar2 Sig
Eagh Woosures o .58 888 459 920 4 20 .000
Avermge Measums S .83 +.000 489 920 4 20 000
TwO-w0Y RdoMm affect model Wi’ bath people efiect: and measumes affacts ane random.,

= varience i exciuded fiom the denominaiorvarance.

D. The achmaior is tha seme, whather the interection efeclis present or not.
. MeasummentiD = 24, Maasurameat = Lower Incsor o Mandibubr Plage (HPA)

MeasurementiD = 20, Measurement = Interincisal angle

Intraclass Gomdation Goslficienf

Measuroment|D = 25, Measurement = Frankfert Horizontal to Mandibular tncisor (FMIA)

Intrackass Comelation Costficient®

Intachas 95% Confidence Interval F Test with Tue Valuz 0
Cormtation” [ Lower Bound | Upper Bound | vake gt a2 g
Ege Meas s CFd an == M3a1 [] 20 i)
Averoin Measures 566 <95 1000 | 713621 4 20 000
Two-wey rendom =fecs mode | wheie both peopls affects & nd measures efeects am ANdOM.

®. Type Cintmclass

using & L ¥ definition-the: bety

B Th in2ar

c.

, whether the

o etect B presant or nat

varipnes ks cxuded from the denominekor varianos,

Intmclasy 95% Confiience Inkval F Testwith TryzVake 0
Cormistion® | Lower Bound_ | Upper Bound | Vs dti diz
Ll - L -
Thgh NMeasures o84 a7 =) 377.514 o 000
Avcragr Measures 907 .09t 1.000 | 377514 4 i) .000
Two-way random afects medel wher both peopls effects and measyes affects are andom.

=20, incealangs

Paga 9

MeasurementlD = 21, Measurement = Upper incisor to Nasion/A-point

ntractrss Coimtation Coofflcionf

2. Type C inbractass cormetrtion cofficents using a detintion. the betw
b The estimatoris tho same, whether the. hiemction effect is present ornot.
c MeasuemenllD = 26, Messureman! = Frankiort Horizontel 10 Mamd buter Inckeor (FMIR}

MeasurementiD = 26, Measurement = SNA

Intractass Commlation Gosfficient®

varkarce ¢ extiuded fom the denominaio: variance,

Page 11

Intrachzs 96% Confidence Inienvl F Tesi with Troe Value 0

Commiation® | Lower Bound | UpperBound | Vake d a2 Sg
Bigl Weasues E @52 908 419336 ) 0 006
Average Mesisures e:y 952 1.000 419.335 & 20 003

Twd-way @ndom fiects model where both reopi eftfects and measures effects ans mndom,
e. Type C ntciass S USEK 8 OO gefinltion-the: between-mea sure varinos (s exchided from the denominaior varian ce.
b. The estimaior Iy the s me, whether the interacon effeet s present or nol.
. MeasyrementiD = 21, Measurement = Lipper WCEOr 1 NasioniA- paint

MeasuramentiD = 22, Measurement = Lower Incisor to Nasion/B-peint

intractass Comlbation Goalfickat

a. Type G intractess cormbton cosfficisnts using @ cong Y chesfin Rion-thes bty
b. The eslimeior I8 the same, whether the interaction efiec! is prsent or not.
¢ MeasuemantiD =235, Mexsuramant = SNA

MeasurementlD = 27, Measurement = SNB

Intraciass Gomalation Coattickat®

intmclkrss 9%6% Confidance Inkerval F Test with True Vale 0
Corstion® | Lower Bound | UpperBound | vake an di2 [
Snge Measures T £ 239 1302 767 4 20 000
Average Measums pex:] 87 1000 | 1302 767 4 20 000
Two-wdy fandom effects model whee both peopie efiscts and messyres otfects ars Rndom.

varkance & excluded 110m the denominaicrvare nos .

Intrachss 95% Confoece inierval F Tast with Trua Valus 0
Cormiation® | Lower Bound | Upper Bound Valus il dt2 S

SkgEMeesums | 5160 EL] 857 | 241134 4 70 000

Average Mas sures 06 25 1.000 241 184 4 20 .00g

Two-way random efiscts mode | whare both people sfiscts 2 nd ME2Sum effects ame rRdom.
a Type C ntmclass comstabon coeficients usng @ ¥ the beh iz excyded from tf varkncs.
b The estimator ts the sa me, whether the Interaction effect & present or not.
¢, MeasurementD = 22, Measuremant = Lovarincsor 10 Nasion/B-point
Paga 10

Intaciass 95% Confience Inanval F Test with Trus Vake 0

Comebtion® | Lower Bound Baund Vaka dft of2
Shgh Meas s ST 8 1.000 | 2043.367 4 F-1l -00Q
Avengm Masy By 1.000 08 1.000 | 2043367 4 0 000

a Ty C

usinga o

Two-way rand om efiects model wha m ooth paople afiects and mexsyoms efiacts anes random,

defindion-the Detwesn-measy B V2ranos & sxciudert Hbm the Jerominalor varancs.
. The estimator s the same, whether the Intsraction efiect is pesent ornot.
G MeasummentD = 27, Measurement = SNB

Page 12
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Measurement|D = 28, Measurement = ANB

Intrackss Conmbation Cosflicha

Intrachss O5% Confidence inkerval F Test with Trus Va e O
Cormbtion® | LowsrBound | Upcer Bound | Vake drt a2 | sy
[ShgtMoosues | 902 an WO | 713708 3 ] 600
Average Measurex £ 995 1.000 | 71M70R 4 b ] 000
T2y random efiecks model where both paopie efiicts and moesu s eftects ans rangom.
a. Type Cntclass e ysinga co defin Hon-the: bebween-measure varncs &= exsivded fom the denomingior varia nes.

B The extimeios I the zame, whather the inieraction affect Is present or not.
€. MeasursmentiD) = 28, Msasuresmant = ANB

MeasurementlD = 29, Measurement = Upper incisor to Frankfort Horizontal

Infrackres Coms lation Goafficin

Intraciass 25% Confdencs iniervel F Test with
Corention® | LowerBound | UpperBourd | vake dit
(SrgcMoesares | oo 580 0 | 616591 T
Auerage ks sunes 08 953 1000 616391 4

Two-way random efiects mode| whane both paople stfiects otd mcasy s effects ars rand om,

a Type G ntrciass comeietion cosflicients uxing a cons iency defi Lioh- the: trtween-messune vorance i s luded fiom the denominelor vark nce,

b The cstimelor is the same, whether the inisraction effectis present or neL

c. MeasurementiD = 29, Megsuremeant = Upper Incisor 10 Frankion Horizonial

Page 13
MeasurementID = 30, Measurement = Frankfort Horizonta! to Nasion/A-point
nractss Conm lation GosHickat®
Intracss 95% Confttencs Inrval F Testwith True Ve ke 0
Oorebtion® | lowerBound | Uper Boupd | Vake art af? Sig
Snge Measumss BT 873 99 TE0617 4 20 000
A Measirms &5 8% 1.000 | 760617 4 20 000
Two-way rndom efects modelwhers both Deook effects and measu e etfects am ndom,
a Type C nimciasy L usingm definion-the between- measure variance i excluded fom the derominaior vari nos,

b. The estimaior [3 the same, whether the inferacton effact ts present arnot,
€. MaasurementD = 30, Mesturement = Frankdort Horizontal 1o Masion/A-poit

Page 14
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CBCT{6} Reliability
MeasurementlD = 2, Measuremant = Blorbital width {Or - Or}

Itraciss Comlbation Couffickn

Intraciess 95% Confidencs tnierval F Test with T Vatue 0
Sorelation® | Lower Bound | Upper Bound Vale dft af2 Big
B MEasums =0 264 =] 573134 4 kA -000
Al Mg sues 206 54 1.000 573.134 4 20 000
Two-way random sffects mode lwhens both ceoni efects and measures ofiects sne random,
2 Type G intpolasy conelation ¥ g 8 € thes b b e 30 warian o 13 ez hided from the denom|nalor varianos.

b. The estimator is the 52 me, whether the interaction afiect is passant o not.
c. MeasurementiD = 2, Measuement = Biorbia | width (Or— Or)

MeasurementiD = 4, Measurement = Blcoronoidal width (C - C)

latraciass Comulalion Coeflicient
Intrackss 96X Confidancs Interval £ Test with True Valuve 0
Conaletion’ | Lower Bound | Upper Bound Vake dit dn 59, ]
BMoasyes e 81 291 EXE 4 20 .000
A M Su /e =1 955 885 78515 4 20 .000
Twoway random stiects modalwhens bith propis offects and measums afiects are random

2. Type C intaciass conmlation coefiiconts ysing 2 consielency definition. the batusen. ez sure variance is exchided from the denominsaior varianca,
& Thoeatimsdor i the samea, whedher the interacton effect i present or not.
¢. MessummanilD = 4, Measuement = Biconnoid 2l width (C - C)

Pagai
MeasurementlD = 6, Measuremant = Palatal width (U8 - U§)
hutraciass Comlaton Coalficiant®
Inrachss 25% Confidents tnierval F Test with True Valus 0,
Commiation® | Lower Bound | UpperBound | Vake df of2 sy
Meazumes T E:] 1.000 2045838 4 20 r 3
A Mea syras 1 200 285 1.000 | 2045888 4 20 000
Two-way ndom efiects model whers both mopis stiscts &ad measures effects are mndom.
2. Typa C intraciacs coretation cosfficients us ng 2 consiiency definiton-the baty 18 eax W ded from voranoe,
&. Theestimaire bs the 52 me, whether the interactina efict 5 present o nol.
<. MeasurementiD = 6, Messuement = Pakial wiath (U8 - UE)
MeasurementtD = 7, Measurement = Anterior cranial base (S - N)
wactss Comtaton Costficlent
Introchzs 5% Confbence Inervai F Test with Tng Valua 0
Coreiation® | Lower Bound | Upper Bound | Vel at Sig
Singl Measums =g 085 1.000 | 1436289 4 20 000
Average Mas sums fees) 98 1000 | 1430859 4 20 .000
TwO-sady FARGOM &flects mode| whers both penpls efiects a ] merasures efiects ars RAGOM.
a Type C hizdass uting & ¥ definition-the betwesn-moasure varence s excluded Hom the denominaion varinos,
b. The estimator i3 the sa me, whather the: inkemcion etiect & present o nol
¢, MeesuromentiD = 7, Massumment = Anferor cana| base (5 - N)
Pgge 2

MeasurementiD = 8, Measurement = Maxillary length {ANS - PNS)

Intackss Comalation Coatficat”
Intrciass 95% Confgence Inerval F Tt with True Vake 0
Correlation® | towsr Bound | UpperBound | Vae it arz gg
ures 10000 e 1.000 | 14361.657 L] 20 00Q
Avege Moasurms 1.000 1.000 1.000 | 14361.697 4 20 000
Two-way random efiects model wham both people etiects and measures atfects am random.

8. Type C Intraciass correhtion cosffemnts using a conssiency definbon-the between-measup variencs is sxciuded fom the denominaiorvarance
b. The extimetor s the same, whether the inisractin efectis present ornct.
C. MeasummantD =5, Measurement = Maxiany leagth (ANS - FNS)

Measurement!D = 10, Measurement = Mandibular corpus length (Go - Pg)

Inimciass Comolation Cosicieat” |
25% Confidence frie vat F Test with True Vehe 0
Lower Bound | UpperBound | Vale an a1z Sig
[ Tnge Meosums | 957 ECR R ] E3] 000
Averagm Measures 208 993 1000 | 478,507 4 n 000

Two-way mndam afiects modeiwhe both pecple eftects and measumes effects are mndom.

A, Typa C latrac yTektion cosfficents uting dedintion-the betwesn-massys= variance 8 exciuded fom the denominaiorvarance.
b. The astimaior is the sams, whather e niameton efect ts pasent ornat.

e D =10, M = corpus lenggh (S0 - Pg)

Page 1

MeasurementlD = 11, Measurement = Upper faclal height (N - ANS)

Istrackse Comalation Costfickont®

Intrclasy 95% Confdance Inerval F Terst with Trus Vake 0
Correiston® | tower Bound | upper Bound Naks aft df2 Sig
oo Besues | oD 576 B0 | o8 O 20 000
Averge Measums =) 56 1.000 | assss 4 20 .00
Twc-way random efiects model wher both peopie atkcts and mezsums effacts ans random.

a. Type C intraciass comehion coetiiclens using a consstency defindon-the between measy® warance & excluced (DM the aenomRior vars s,
b, The estimaior is the same, whether the inieracton efiect is present ornot
G MessymmentiD = 11, Magsyrement = Uppar fac sl beight (N ~ ANS)

MaasurementlD = 12, Measurement = Lower facial helght (ANS - Me}

intraciase Comalation Coutficloat”

Intrckss 95"% Conflence Inlerval F Test with Trus Vaie 0
|_Conebton® | Lower Bouna | uipper Bound Vaus d# gtz sa ]
Engh Mensues 1.000° ==l 1.000 | 14655 857 20 .000
Aveags Measues 1.000 1 000 1,000 | 14658 657 20 .000
Two-way rahdom efiects model wha e toth peopks stiercts and measurss sffscts are random.

a. Typa Cintrectass cometston cosfficents using a cons slency defintion-the Detween-meass B variance & excluded 1om the denominainr varkacs .
b. The estimalor is the same, whether the: intraction efiec] is present or not
< MoasummentiD = 12, Messurameni = Lower 2cini haght (ANS — We)
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MeasurementiD = 14, Measurement = Posterlor facial height (S - Go)

irachss Comiation Gostficiant

intrackbiss 963 Con(dence Inierval F Teest with Tiue Value 0
Coretation” | Lower Boand Bound | Vake df an fEE
ShgE Neasues 262 = 534952 4 0
Average Mezsures ] 893 1000 534952 4 20
Twc-way random efests mo bath peopie efiects o RNdom.
2. Type C intrciass

using &

b Theestimator is the same, whether ihe interatiibn efect a pressat or nol.

€ MeasurementD = 14, Messurement = Posierdor facial height (S - Go)

Measurement|D = 15, Measuremant = Mandibular height [(Co - Go)

Itrackes Conplafion Cosfficknt

Intrackss 95% Confence Irierval F Testwith Tie Value 0
Conetaton Lower Bound Eound Vakue oH di2 Sig
g‘l"\EE Nestues E3od 656 e 43,785 4 20 .000
Average Meazures 977 520 587 43786 4 20 000
¥ RARCOM effec s mode! whene Doth Pao iz &nacts avd measures ctiects e randam.

definition-the between-measure variance is excluded from the denominaior varance.

MeasurementiD = 21, Measuremert = Upper incisor to Nasion/A-poini

Intrackss Comatation Costfickat®

Intaciass 95% Confdence Inferval F Test with True Velus 0
Comelation® | Lower Bound Boung Vawe | dnt df2
Snge Mcasures 9T E==7) e % 4 20 000
Ayerge Mestu ey =B 906 1.000 &53.795 N L] 20 000
Two-way rand om efiects model wher both pacoie sfiects and measumes effects ans random.

8. Type C intraciass coreketion cosficients using e cansiskency defintion. the betwessi-measu e vanance & ecciudad fom the denominsiarvaris hos
b. The eshmaior is the sams, whather the: imeracton eflect is pesent ornol

€. MeasummentiD = 21, Measyremant = Uppar Incisor 0 Na sionfA-pont

MeasurementlD = 22, Measurement = Lowsr incisor to Nasion/B-point

ntrackys Comelation Coofiichat?

8. Type C Rtmclass cormiation cosfficients using o consBlency defhibon-the babwsen- ey surs varance is oz uded from the denominatne varan o,
b. The estimaior is the same, whelber the interecton efiect is presentor pot.

©. MeasummeaniiD = 15, Meagurament = Ma hdhular heght (Co — Ga)

Fage 5
MeasurementlD = 16, Measurement = Interincisal distance (U1 - L1)

Intractws Conmtation GCoalfickaF

Intreclass 95% Contidence Inefval F Tast with Trum Valus 0
Conelation” | Lower Bouna 1] Boung Vake gt ar2 g
I Measures oF 966 1.000 | 5431074 4 20 000
A Medsures 1,000 529 1.000 | 5481074 4 20 000
Two-wmy rancom eflects mode | where both ceope efferts oo measures effects are rando,
&, Type C ntaciass cormiation i uSng  cor Y rtion-the bety

b. The =stimalr is the same, whether the inderacton effect is pesent o not.

varanes is xchday from the denominetor varancs
c. 0= 16, = U1 -L1)

MeasurementD = 20, Measurement = Interincisal angle

Intraciass Comtation Couficient

Intrackss S6% Confidency Inferval F Testwith Tue Value 0
Cormiation® | Lower Bound { U Bound Vale dit a2 Sk
Sngis Measums 287 ) 1.000 1757.282 4 20 | 00
Averaga Mossurss 99 £8 1000 | 171782 4 20 000
Two-way random sflects model whens both peOpE afiects 31d ME2TUMES BHECIS a8 random.

b. The estimalor is the 53 me, whet her the [nbsrac

a. Type C nhaclass comiation coetficents using @ consiviancy ceiniibn-he botween-measure varance is eciyded from the danominalar varance
tion effect & present or not,
c. 0= 20, = Interinets

Pages

ntRckss 6% Configence Inkrval F Test with True Vake 0
Cometon® | Lowsr Bound Boand an di2 Sig
Enge Wes3 s EZ ET) E 385 3H i 20 [ .000
Avemge Measums 8ar bzl 1.000 6 3N 4 1] .0
wi3-waY rand 5 offects mod el whame both peopie sffects and measums etects ere r2rdom.

e. Type C Intraciass corretlion costficents using o constiency definbon-the betwaen-measu e vatianas & excluded tiom the d znominzios verianos,
b The estimaior it the s4ime, whether the niescton efiect is prseni or not.

€ NegsemmentiD = 22, Measurement = Lower incisor 10 Na sioB-(oint

PagaT
MoasurementiD = 26, Measurement = SNA

Iimckrss Comalation Coslfickat®

InbRclasy 95% Confijence Inorval F Test with True Vane 0
Cormebtion® | Lower Bound Bound vaus an a2 sig
Shgee Keasures 56 S 508 1 20 .000
Avemge o8 o4 1.000 508 4 20 000
Two-wa ¥ fandom efiects model whem both peopie stiects and measums atfecis are random

b. The eslieior i the same, whether the: iniemction sfiect is pesent or ot

1. Type G intraciass comelaton coetficients using a consisiency dadintion.he between-measu i variance § excluded fIom the dsnominein: verance,
¢ MessummantD =35, Mensyrement = SNA

Paga B
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