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ABSTRACT
Maritzabel Gubler: Precision of Cephalometric Landmark identification 3RD/s
(Under the direction of Dr. John Ludlow)

The purpose of this study was to determine if half-skull and plaunar
reconstruction (MPR) images derived from CBCT image volumek pralvide more
precise location of landmarks and measurements than conventionalloosgthia
radiographs.

A population of 20 pre-treated surgical orthodontic patients was ragiegt and
evaluated using lateral cephalometric and CBCT techniques. Foagraghic displays
were used: conventional cephalogram, right and left half CBCT scepid MPR.
Precision was calculated for 23 landmarks, 4 modalities and 20usasggwo measures
of observer variation for identifying the same landmark in the ssame and modality:
ODM (Observers difference from the mean) and DEO (Differdnom Every other
Observer). Analysis of Variance (ANOVA) was computed for ODMD&O for all

modalities, landmarks, coordinates, and cases as every effeellass all interactions
among them. Statistical significance was defined as &vel of 0.05. Paired- t Tests
were also used to assess each of the two calculations of Myri@bieach landmark and
the 6 possible combinations of 4 modalities. Bonferroni correction niattiple

comparisons was applied and a p threshold of 0.0036 was calculated. Landmark

variability clinically important used a threshold of 2mm.



Results indicate that overall statistically landmark variatieas greater for
conventional cephalogram than CBCT modalities when calculated u§iMyand DEO
approaches. The x and y overall modality variability were higbe conventional
cephalograms than for any of the alternative modalities. Larkdwaaiability over 2 mm
was greater for conventional cephalogram for more than half datidenarks. Only soft
tissue Pogonion exceeded the 2mm for all modalities.

Based on the results of this study is possible to conclude that @®dalities
provide a more precise location of landmarks overcoming problems obtaitied

conventional cephalograms.
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INTRODUCTION

With the availability of Cone Beam Computed Tomography (CB®©T pfthodontic
diagnosis it is theoretically possible to use volumetric data tairolthore accurate
skeletal measurements; therefore the problems noted with conventionabgegingl can
be avoided such as: errors in patient position, differential maatific on bilateral
structures, superimposition of craniofacial structures, and thengeesé asymmetry that
further complicate the localization of bilateral structuresd{lyard et al., 1974; Houston
1983) The previous standard in craniofacial and orthognatic surgical plaanohg
monitoring using the lateral cephalogram is still popular andbleas sustained by its
ease of reproducibility and low cost. (Por et al., 2005) However, saglvhintage of this
technique is that it requires multiple angle measurements sessadhe direction of
movement of a landmark. Nevertheless, it is difficult to make jud¢snabout the
complex relationships of the facial bones by measuring only essefriangles projected
onto two-dimensional radiographs. Second, conventional two-dimensional aepelrg
projects three-dimensional structures into two-dimensions. Thssdifficult to directly
compare lengths and angles for assessment of treatments effiedt for planning
treatment. (Hideki et al., 2000) Furthermore, due to inherent geomedgaification,
distortion, and superimposition of the craniofacial structures on the loapdtac

radiograph, a reliable and accurate evaluation of these struatupesients with severe



anomalies such as craniofacial syndromes is difficult. ThreeyBanal (3D) computed
tomography (CT) avoids anatomic superimposition and problems due toficetgm
and offers the opportunity to evaluate the craniofacial structinoes unobstructed
perspectives and with less distortion than the two-dimensional meBeguhdopoulos et
al., 2000) CBCT characteristics are well suited for imagingctheiofacial area. This
technology provides clear images of highly contrasted structureis axtremely useful
for evaluating bone. The CBCT scanner can collect volume dataelbynsrof a single
rotation (360°-720°), taking a scanning time between (10-70 secondmfe(St al.,
2006). These scanners use a cone beam geometry, which permits afficteat
utilization of x-ray photons. The dose of cone beam computed tomog(&BGT) is
relatively low; published reports indicate that the effective dufseadiation (average
range 36.9-50.3 microsievert) is significantly reduced by up to 98% cethpaith
“conventional” fan-beam CT systems. (Cohnen et al., 2002; Schulze 20@4; Ludlow
et al., 2003; Ngan et al., 2003; Ludlow et al., 2006). CBCT systemsiifges with a
high spatial resolution both longitudinally and axially though emplaoyroéan isotropic
voxel matrix; this produces sub-millimetre resolution ranging f@odhmm to as low as
0.125 mm. (Yajima et al., 2006; Scarfe et al., 2006). Some CBCT ssgmoerde large
fields of view (9-12 inch), which allow 3D reconstruction and visuabmaof the full
maxillofacial region. In addition, CBCT allows the creation of conoeal views from
the image volume, including panoramic, lateral and anterio-posteeios. The value of
CBCT imaging in implant planning, surgical assessment of patyoldgJ assessment
and pre and postoperative assessment of craniofacial structures has beed. rg¢pamnda

et al., 2004; Tsiklakis et al., 2004; Honda et al., 2004) For these reasaes, thr



dimensional computed tomography has found increasingly widespread inuse
maxillofacial surgery and orthodontics for a variety of clinieald research purposes

(Hideki et al., 2000).

Traditionally lateral and frontal cephalometric radiographs haven bgsed to
determine craniofacial discrepancies or deformities, withatiedysis being based on a
series of cephalometric points. The evaluation of these radiognagyhe difficult due
to overlapping anatomical structures and the differential maghdit of lateral
structures which results in distortion. (Bergersen, 1980) There haare reports of
inaccuracies and poor precision in reproducing these cephalopaitits. (Midtgard et
al., 1974; Houston, 1983; Kantor et al., 1993)The use of CBCT instead of conventional
cephalograms provides an alternative method for assessment ofacehirelationships

of selected orthodontic and surgical patients.

This study attempts to determine if half-skull and multiplaraomnstruction (MPR)
images derived from CBCT image volumes will provide more pretsation of

landmarks and measurements than conventional cephalometric radiographs.

The specific aim was to test the null hypothesis that theigowa of landmark
localization is not different for CBCT half-skull projections, MRRsplays, and

conventional cephalograms in a sample of pre-treatment surgical orthodoietntspat



MATERIALS AND METHODS.

With Institutional Review Board approval, a sample of 20 subjeats & population
of pre-treated surgical orthodontic patients (grant # NDCR DE 00521&R6he
University of North Carolina School of Dentistry were radiographesing lateral
cephalometric and CBCT techniques which were evaluated usingrddiographic
displays: conventional cephalograms, right and left half CBCT gkuljections and
MPR views with surfaced rendered CBCT volumes.

I mage acquisition.

Conventional cephalograms were acquired by positioning the patieatural head
position, stabilized by cephalostat ear rods inserted into thenektarditory meati. The
source-midsagittal plane distance was 152.4 cm (5 feet). A pinoiteble phosphor
plate was used as the detector and positioned 11.5 cm from the ittadigdgne. The
plate was scanned and digitized at 300 dpi and 16 bits (Digora &@ddex, USA).
CBCT volumes were acquired using a NewTom 3G (QR-NIM s.r.l., nertaly).A 12
inch receptor field was used to include the entire facial anatmmyephalometric
purposes. The “large field” and “high resolution” options were salefie primary
image reconstruction. The secondary study data was generate@.4vitm axial slice
thicknesses and isotropic voxels. The axial images were exporldCOM format and
imported in Dolphin 3D (version 10.5, Dolphin Imaging & Management System
Chatsworth, CA). To obtain diagnostically suitable images tteps were required
using the Dolphin software. First, segmentation was performed foasdfhard tissue
where manipulation of the histogram limits the data that is disgdlaThis step is

performed to reduce noise that could affect the image quality. After segime itat data



was reoriented to approximate the orientation of a conventional cepétaic image.
Using the coronal view, the volume was rotated until the transporim@ of the data
was oriented horizontally [figure 1]. Using the axial view, theuntd was rotated until
the midsagittal plane of the data was oriented verticallyf@g?]. Using the sagittal
view, the volume was rotated until the Frankfort plane of the dat aveented
horizontally [figure 3]. Next, lateral radiographs were buitinfr the reoriented data,
using partial volumes (right and left side) to create cephala@wjections of separate
halves of the skull. The radiographs were created using parallelpn@gctions
(orthogonal) perpendicular to the midsagittal plane. Resultinggesxdrom CBCT

volumes had 0% (1:1) magnification. Dolphin imaging software (version W@$used

for cephalometric landmark location of 3D images.

Figure 1.Vertical orientation FigureRotation sagittal plane Figure 3.Hortaborientation

Matrix generation

MPR images generated by NewTom 3G produced a signalkgeds of 12 bit with
an acquisition matrix of 1024 x 1024,a voxel size of 0.25 mm and a gpsidlition of
1.4 (line pair mm) The matrix size of the exported right and left half skull prtoes
was 512 x 512, producing a 205 Kilobyte JPEG image. Based in the raterdystem,

the matrix was established for 3D and 2D modalities. A 3Duafirmodel was created



from the study and used to determine head orientation and the center of the 3D @ordinat
system. Using lateral frontal and superior views, coronal andtadagews of the 3D
head rendering, the midsagittal plane of the model was orieméetically, the
transporionic line was oriented horizontally and Frankfort horizontalepleas oriented
horizontally. The center of the coordinate system was deterrbyéide intersection of
the transporionic line and the midsagittal plane (Kumar et al., 2008)rdDates
system(x, y) corresponded to right and left half skull CBCT ptiojes and conventional
cephalograms where the origin was set at “sella” (0, 0)owlicgly to the software
description, it was possible to use the same origin (sella) aoibrelinate system for 3D
and 2D, if (z, y) was used in 3D, equivalent to the (X, y) coordimat2S. This approach
could not be followed for the difficulty of visualization of Sella the half skull
projections. Therefore it was decided to replace Sella for sy idantifiable landmark
such as a tick mark at the ruler, of the half skull projections amd/entional

cephalograms.
I mage display.

Different image modalities were displayed on one of two computekstations. The
first station was designated for MPR views. The second statasnassigned for the
remaining modalities (right and left half skull projections and cotieral
cephalograms). Left skull projections were reorientation using“rieor” tool, to
permit digitizing of the landmarks in the same reference matrix

Deter mination of Landmarks.

The landmarks listed in Table 1 were evaluated in this studymieasurements were

selected to include both vertical and antero-posterior componerttse afraniofacial



structures. The landmarks represented both the midsagittal andrabilanatomical
structures with different degrees of identification difficulior the calculation of the
magnification for conventional cephalograms, the distance betweesource and the
midsagittal plane in the cephalostat was measured as F1f&2¥ cm).The distance
between the receptor and the midsagittal distance was 11.5 cm. Thus,

Percent magnification = 11.5/152.4 x 100% = 7.5%

Based on this magnification factor, conventional images weilbrai@d prior to
landmark identification by each observer. This was done by clicking on points at 0 and 40
mm of the radiographic image of an aluminum ruler included in the gittidgplane of
each cephalometric image. The dimension for this measured distascaput as 43.0
mm to account for the 7.5% magnification at the midsagittal plaeealse half skull
modalities were projected at 1:1, observers identified 2 points 40.Capam on the
electronic ruler included in the border of Dolphin images and inputntbasure as 40
mm to calibrate the software measurement tool.

Observations sessions.

All 80 images (20 patients per modality) were evaluated by ®robs. Two
observers were experienced oral and maxillofacial radiologmsts; was a third year
radiology resident; one was an experienced orthodontist; and on@ wasond year
orthodontic resident. Before the viewing sessions, each observer receivediorstraicd
was trained on the use of the different modalities. During diggtiaf the landmarks, the
observers viewed modalities separately in an alternating.ortley viewed 10 patients
per week in two different sessions. The observers were allowee nasncement tools

such as magnification, brightness, and contrast to improve the visioalize# the



landmarks. After the observers digitized all the landmarks, thémark coordinates

were imported into Excel (Microsoft, Cupertino, CA) for assessment of pecisi

Analysis.

Precision was calculated for 23 landmarks, four modalities, anch&s ausing 2
formulas. The first formula calculated average observer difterérom the mean (ODM)
First the mean x and y coordinate was calculated using the 5 alsskrwation of the
same landmark on the same image. Then the absolute value difféhence of each
observer’'s point location from the mean was calculated. Finallyattegage of all
observers’ absolute difference from the mean was determined. Gtweds®rmula for
determining observer variability utilized the average of athbinations of the absolute
value of the difference of one observer from another or the ditferfam every observer
(DEO).

Analysis of Variance was computed for ODM or DEO as outcomm@blas and
Modality, Landmark, Coordinate, and Case as principle effectgeelisas all of the first
order interactions of these effects in the ANOVA model. An algivallof 0.05 was
established as the level for statistical significanceeBat Tests were also used to assess
each of the two calculations of variability for each landmark #rel 6 possible
combinations of 4 modalities. Because multiple landmarks and modalitexs
investigated, the risk of a type Il error is increased. Af&wani correction for multiple
comparisons (6 x 23 = 138) was applied and a p threshold of 0.00036 for ateakiha
of 0.05 was calculatedafn = 0.05/138). Landmark variability of potential clinical

importance is reported using a threshold of 2 mm.



TABLE 1. Landmarks selection and definition.

LANDMARK DEFINITION

Ruler Point One of the points necessary to calibrate the difleiimage. Accuracy in location

1 of This point determines the accuracy of yourlfmaasurements ( Click on ruler at
tick mark 100 in the Sagittal plane).

Ruler Point One of the points necessary to calibrate the difleiimage. Accuracy in location

2 of this point determines the accuracy of yourlfmaasurements ( Click on ruler at
tick mark 60 in the Sagittal plane).

Tip of the Pronasale, point of the anterior curve of the nose.

Nose

Subnasal Point where the nose connects to the center of the Uipp

Soft Tissue A f The most concave point between subnasale and teeaarpoint of the upper lip.

Upper Lip Most anterior point on the curve of thmpar lip.

Stomionsuperiy Most inferior point on the curve of the upper lip.

Stomioninferiug Most superior point on the curve of the lower lip.

Lower Lip Most anterior point on the curve of tlever lip.

Soft tissue Most concave point between the lower lip and tHetssue chin.

B point

Soft tissue Point on the anterior curve of the soft tissue chin

Pogonion

Soft tissue The midpoint between the most anterior and infgumints of the soft tissue chin in t

Gnathion midsagittal plane.

Nasior Intersection of the internassuture with the nasofrontal suture in the midsabgtan

Orbitale Lowest point of the floor of the right orbit, theost inferior point of the external bg
of theorbital cavity

Sella Center of the pituitary fossa of the spheaide.

Condylion The most posterior superior point of tigit condyle.

ANS The tip of the anterior nasal spi

A point Deepest point of the curve of the maxilafween anterior nasal spine and the dental
alveolus.

Upper Incisal tip of the right upper central incisor.

incisor tip

Menton Most inferior point of the symphysis.

Anatomical Midpoint between the most anterior and inferiompain the bony chin.

Gnathon

Pogonion Most anterior point on the midsagittal pyysis.

B point Most posterior point in the concavity alathg anterior border of the symphysis.

Lower Tip of the right lower central incisor.

incisortip.

Gonion Location depends of the analysis.

1. The most convex point along the inferior boratethe right ramus.
2. The most convex point where the posterior infecurve of the right ramus and
ascending ramus meet.




RESULTS

Overall modality variation

Tables 2 and 3 show the Analysis of Variance (ANOVA) for ODO®bgerver
Difference from the Mean) and DEO (Difference of each obsereen Every other
Observer) respectively by all modalities, landmarks, coordinaigsases. Every effect
and the primary interactions among them, show a statistic@ghjifisant difference.
Table 4 presents average variation in landmark identification lfolamdmarks by
modality variation calculation. DEO was consistently greater DBM. Table 5 shows
the Paired T-Test results for ODM pooling all landmarks fa @ combinations of
modalities. There was statistically greater observer vamiatfor conventional
cephalometric landmark identification than MPR and half skull prajeddBCT views
(p<0.0001). MPR and half skull projection CBCT views were not gtatilt different
from each other (p>0.05). Table 6 presents the same patterrtisticstily significant

results for DEO as was seen when variation was calculated as ODM.
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TABLE 2. ANOVA-Test Effects DEO

Source DF Sum of Squares F Ratio Prob>
Modality 3 406.8 233.4 <.0001
Landmark 22 103.2 81.2 <.0001
Coordinate 1 18.3 314 <.0001
Case 19 329.0 29.8 <.0001
Modality*Landmark 66 323.2 8.4 <.0001
Modality*Coord 3 92.8 53.2 <.0001
Modality*Case 57 560.1 17.0 <.0001
Landmark*Coord 22 430.1 33.6 <.0001
Landmark*Case 418 625.0 2.6 <.0001
Coordinate*Case 19 36.1 3.2 <000.1

TABLE 3. ANOVA-Test Effects ODM

Source DF Sum of Squares F Ratio Prob>
Modality 3 175.3 228.3 <.0001
Landmark 22 424.1 75.3 <.0001
Coordinate 1 6.4 24.9 <.0001
Case 19 142.1 29.2 <.0001
Modality*Landmark 66 133.7 7.9 <.0001
Modality*Coord 3 40.14 52.3 <.0001
Modality*Case 57 256.6 17.6 <.0001
Landmark*Coord 22 175.0 31.1 <.0001
Landmark*Case 418 263.2 2.5 <.0001
Coordinate*Case 19 18.3 3.8 <.0001

11



TABLE 4. Mean modality variation- average of variation in landmark ideatifoin for

all landmarks

Modality
: Right half Left half
Variabi Conventional MPR CBCT CBCT
Calculation
DEO 2.13 1.31 1.41 1.39
ODM 1.38 0.85 0.90 0.88
DEO/ODM % 154% 154% 157% 158%

TABLE 5. Paired T-Tests of landmark identification —average observer varfabm
mean (ODM) for 4 cephalometric modalities

MPR- Right Left Right Left Left
Conventional CBCT- CBCT- CBCT-| CBCT-| CBCT-
Conventional Conventional MPR MPR | Right
CBCT
Mean -0.53 -0.48 -0.50 0.05| 003 -0.02
Difference
Std Error -0.53 -0.48 -0.50 0.005 0.005 0.003
Prob>ltl <.0001 <.0001 <.0001 | 0.2726| 0.5181 0.5659

TABLE 6. Paired T-Tests of landmark identification —average observer varfabm
every other observer (DEO) for 4 cephalometric modalities

MPR- Right Left CBCT- | Right Left Left

Conventional CBCT- Conventional CBCT- | CBCT- | CBCT-

Conventional MPR MPR | Right

CBCT
Mean -0.82 0.72 -0.75 0.10| 0.08 -0.08

Difference

Std Error 0.11 0.11 0.15 0.008 0.008 0.05
Prob>ltl <.0001 <.0001 <.0001 | 0.2044| 0.3799 0.6166

12



Landmark variation

Landmark identification variation, averaging x and y deviation foh éaedmark and
each modality is seen in figures 4-7. These figures idisirate the difference in the
magnitude of landmark variability when calculated using ODM or C#pProaches. In
general DEO calculations are about half again as large & €@izulations of landmark
variability. Within modalities, patterns of variability differedith conventional
cephalometric landmark patterns differing from CBCT patterdentification of
Condylion, Gonion, Porion as well as Soft tissue Pogonion exhibited gjreateability
in conventional cephalograms. While none of the landmarks exhibited OD&biigy
over 2 mm for the alternate modalities, soft tissue pogoniorgessrally more variable
than other landmarks. Applying the more stringent measure obidyianeasurement,
Gnathion, A Point, Lower Stomion, B Point, Menton, Pogonion, Soft tissue B point,
Orbitale, Soft tissue Gnathion, Condylion, Soft tissue Pogonion, Gonion, aiot Badh
exceeded the 2 mm threshold of DEO variability for conventional cephalograms. Of these
landmarks, only Soft tissue Pogonion exhibited variability exceedmgn2or all other
modalities. Soft tissue Gnathion and Condylion also exceeded 2 miRidat half
CBCT.

The x and y contributions to overall modality variability can be sediable 9. Both
x and y variability were higher for conventional cephalograms tlo any of the
alternative modalities. While x variation was greater than jatran for conventional
cephalograms, this pattern was reversed with y variation lggesger than x for CBCT
modalities. Landmark identification variation, isolating x and y denafor each

landmark and each modality is seen in figures 8-11.Anterio-posi2EQr variability (x)

13



exceeding 2 mm was seen in conventional cephalograms for A PTi&afe B Point, B
Point, Gnathion, Pogonion, Soft Tissue Gnathion, Orbitale, Condylion, Lowerdstom
Soft Tissue Pogonion, Menton, Porion, and Gonion. For Right CBCT views, DEO x
variation greater than 2 mm was seen with Gonion and Lower StomidviFRrviews
only Orbitale exhibited greater than 2 mm x variation. No landmartesegbed 2 mm of x
variability for Left CBCT views.

Calculation of the variability of Nasion using DEO approach deimates! that when
the origin for x and y matrix was established at Sella frben driginal data, Nasion
exhibited greater variability for Right and Left CBCT vievasrpared with conventional
cephalograms(Figure 12). Nasion identification variation for Right, Le€ TRiews and
conventional shows a lower variability when Sella was replaced fak mark on the

ruler (Figure 13).

14
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Figure 13. Nasiomdentification when Sella is replaced by a tick knan the ruler, DEC
variability
Statistically different amounts of variation

Paired comparisons of conventional and CBCT views$ahdmark and x or y DE!
variation is seen in table7. Statistically siccant differences were seen for conventic
cephalometric views and CBCT views for Porion, Gdiath, Gonion and Orbitale. Tab

8 depicts paired comparisons of Right, Left, andRVEBCT views. No landmark w:
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significantly different for all comparisons. Gonion and Porion wegeifecantly different
in Right and Left CBCT comparisons. Orbitale and Nasion were silgnificantly
different for Right CBCT and MPR comparisons. In addition Orbitabe significantly

different for Left CBCT and MPR comparisons.
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Table 9. x and y landmark identification variability by modality

. Conventional Left half Right half .
Modality Ceph CBCT Ceph cBeT Ceph  MPRview
X DEO 234 1.19 131 1.15
Std dev 0.90 0.38 0.45 0.56
Y DEO 1.94 1.59 1.59 1.49
Std dev 1.02 0.75 0.75 0.82
DISCUSSION

Conventional cephalograms are considered a valuable tool for diagandis
treatment planning of dento-facial disharmonies but are wellvRrfor their limitations
including: errors in patient position, differential magnification déteiral structures and
superimposition of craniofacial structures. (Midtgard et al., 1974; tdoud983). The
results of this study show that landmark identification for congaati cephalograms
produced statistically greater variability when compared wébheof the alternative
CBCT modalities (Tables 4-9). Rejection of the null hypothekiso difference between
conventional cephalometric imaging and alternative CBCT views isurptising given
our initial supposition that increased variability is a functiontafcture noise from the
superimposition of bilateral structures in conventional cephalogfBinis was borne out
by the fact that x variation was greater than y variatiorcémventional cephalograms;
this pattern was reversed with y variation being greaterxhan CBCT modalities for
Condylion, Gonion, Orbitale and Porion (Table 9). These findings are tantsith
previous studies that demonstrated that overlapping of bilatevatises resulted in a
point intermediate between the two outlines, introducing errorsnomark localization

(Hurst et al., 2007).
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Cephalometric relationships are frequently described relatikefdcences planes such as
the Frankfort horizontal plane, the natural head position or sellamdsiurst et al.,
2007). In this study natural head position was the plane of orientased for
conventional cephalograms. Although 3D measurements of CBCT volumieeeafeom
the influence of patient position during image acquisition, the orientaifothe
secondary reconstruction of the volume directly impacts the piameof anatomy in
synthesized 2D cephalometric views. Unlike errors in skull possg@m in conventional
cephalometric images due to faulty positioning of the cephalostatiity positioning of
the patient within the cephalostat, orientation of the CT volume catotvected by
iterative adjustment and reassessment. The alignment of tispdréonic axis to orient
the midsagittal plane was used in the 3D modalities to simtllatplane of orientation
used in conventional cephalograms. Orientation of Frankfort plane hotjzuiitide
potentially different from natural head position, permitted standairdiz of cases.
Rotation of the midsagittal plane should have no impact on landmarkficktian as
this is analogous to small rotations of the monitor or the observead while viewing
an image. Reorientation of the measurement matrix because ajeshan Frankfort
plane will make a difference in the distribution of x an y componghiise variation that
is measured; however, these differences are estimated tosbinaes1.5% for angular
changes up to 10° in the Frankfort plane (cosine 10° = 0.985).

The results of this study show that no landmark was significdiffgrent across all
CBCT modalities. However, Orbitale displayed significantly fegsation in Right and
Left CBCT in comparison with MPR. This variation was significan the antero-

posterior direction but not in the cranio-caudal direction. This maglaged to observers
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selecting different medio-lateral positions on the orbital nmatigat, while at the same
vertical height, were at varying anterior-posterior positions assult of the posterior
rotation of the lateral aspect of the maxillary surfaceni8aantly less variation is also
seen in Right CBCT identification of Nasion in comparison with MiRRvs. Although
not statistically significant, a similar trend of reduced atgoh in landmark identification
is seen for Left CBCT views. No easy explanation for this e@lsen can be provided.
However, the difference in variation between modalities was sladirt of clinical
significance (DEO < 0.5 mm). Left CBCT exhibited signifidgriess variability for
Porion and Gonion identification than Right CBCT. No reason for thigegiaacy is

readily apparent (Table 8).

While the focus of this study was to explore differences inigimt between
modalities, it is useful to comment on landmark variability acroedalities. In general
variability in the vertical dimension for all modalities was g¢stently high for soft tissue
pogonion (Figure 9-11).Many of the subjects included in our sample extidss I
skeletal profiles with receding chin lines. In the absence ofrapibiminence, pogonion
is located on a slope. Greater variation between observers hegbkpected in this
situation.

When the clinical significance of landmark localization is consider can be seen
that for conventional cephalograms over half of the landmarks inagsdign this study
exceeded a 2 mm variability threshold when as measured By Diis was reduced to

one or two landmarks for CBCT alternatives.
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The results of this study show that although MPR is a dynaaimique offering the
possibility of visualizing a landmark in three right angle vi€sagittal, coronal, axial) it
has limitations. These may be related to an imprecise landheérition or difficulty in
extending a 2D definition to a 3D modality, creating more varigbdihong observers
(Figure 6). An example of this is Porion where some observeazed this structure in
the soft tissues of the ear canal whereas others localip&dai bone/soft tissue margin.
Another limitation of MPR views was the introduction of error bg bbservers during
the digitizing process where landmarks could be misplaced iflémgification order was
not carefully followed. Unlike the software for recording 2D modsditvhich listed each
landmark by name, the MPR software only provided a numerical ortethwhe
observer had to correlate with a printed list of landmarks.ndmcovered, this problem
was corrected by having the observer redo the entire sequetasedofark localization
for the faulty case. This is a problem that can be overcomeplgcieg the generic list
with named landmarks in a logical sequence.

Sella is an important landmark from the perspective of Orthodontgnakss and
treatment planning. It was particularly important in this stdmicause the 2D
cephalometric tracing software utilizes this point as tigiroof the matrix on which all
other landmarks are identified. An error in locating Sellpragpagated through all other
landmarks. In our study a total of 7 cases in the right andadfCBCT cephs presented
difficulty in visualization of the Sella structure. In the iritessessment of landmark
variability it was noted that some cases produced varialiligxcess of 10 mm due to
variation in the location of Sella. It was found that inadequate atient on the

midsagittal plane of the volume prior to the generation of the ragibgraas related to
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the difficulty on the depiction of this point. Therefore, to remove isparvariability
from other landmarks it was decided to replace Sella with the identificationctfraark
at the 120 mm point of the ruler on the half CBCT cephs and at thenltickamark on
midsagittal plane ruler in the conventional cephalogram. Varmlnilitocating Sella can
be reduced by constructing a half volume that extends just beyonddsagittal plane.
This anecdotal finding and its influence on precision of location ofrotmeline
landmarks needs to be confirmed with further study.

While Sella was problematic for establishing the origin a nreasent matrix,
Nasion appeared to be a precise landmark for all modalitiggr@s 4-7). The results of
this study shows that when Sella was used as the origin fax, thiematrix, Nasion
presented a high variability for Right and Left CBCT views whemmpared with
conventional cephalogram (Figure 12). Once the origin of the xma#s relocated to a
tick mark on a ruler, Nasion data provided reduced variability for RigttLeft CBCT
views while conventional cephalograms precision remained the (faguze 13). Based
on these results, Nasion could serve as a matrix anchor point for eonhaged
cephalometric image assessment. Points that are most réliabkD coordinate system
require additional research. Such points will require operationalitiefis that describe
the point’'s appearance in thddBmension.

Specific reference points and presumed bilateral symmetry leepoyblematic when
these factors are abnormal. In this study, the sample was campbsere-treated
orthodontic surgical patients. Although inclusion criteria were needhan symmetry,
many of our subjects were asymmetric. While new methods ofs8Bsament are under

development, the results of this study suggest that CBCT medgdiérmit more precise
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landmark identification than conventional cephalograms and may becpplclinical
situations where precision of landmark identification is required. Awhdit studies are
needed to evaluate the precision of landmark localization and the ceptiadom
assessment of CBCT half skull projections compared to conventwmas and the
impact of differences on diagnosis and treatment planning for populati@ysnmetric
and asymmetric patients.

A number of factors must be considered in choosing a radiograpanimation.
These include the probability of obtaining the diagnostic infolnatiat is sought from
the examination, the cost of the examination, and the risks of tmeireteon. These
must be weighed against the same factors for alternate dimgpaxcedures as well as
the value of the information that is sought and the risks and costs of inadeqgatsidia
Standard orthodontic diagnosis often employs panoramic, lateral cemtatoand PA
cephalometric radiography. Estimated risk from these 3 exawmsatusing ICRP
Recommendations for calculating effective dose is between 25 andv3Jhydfow et al.
in press) Alternate CBCT doses from a single large FOY #tat is useful for complete
orthodontic diagnosis range from 68 to 1073 uSv (Ludlow et al. in press)exctess
risk, depending on the radiographic device, is equivalent to a few aagveéral weeks
of average US per capita background dose. If the diagnostic etiomprovided by the
CBCT scan improves treatment results, shortens treatment dmreduces treatment
cost, this increased risk may be worthwhile. In the absence &f gubenefit the
technique cannot be recommended. Future study of the impact of CBQibstiag on

patient treatment is needed.
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CONCLUSIONS

- Conventional cephalogram images produce more variability in landmark
identification compared with CBCT modalities.

- CBCT projections provide significantly more precise location of @bl
Gonion, Orbitale, and Porion landmarks overcoming the problem of superiiopaxi
these bilateral landmarks seen in conventional cephalograms.

- The potential for more precise location of landmarks in the thegeep) sagittal,
coronal and axial MPR images was not demonstrated in this sitie overall
performance of MPR views was not different from Right and CEBCT cephalometric
views, Nasion and Orbitale identification were significantly maeable in MPR views.
This may be due to the absence of a clear definition of thesméaks in the 3 (medial-
lateral) dimension.

- Three dimensional landmark identification requires suitable operétiona
definitions of the landmark location in each of the three planes of the space.

- CBCT cephalometric image reconstruction can be recommended Bsraatae

to cephalograms when CBCT volume is already available, thus recasiiitgonal x-ray

exposure and examination expense.
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