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Objective. To evaluate reliability in 3-dimensional (3D) landmark identification using cone-beam computerized
tomography (CBCT).
Study design. Twelve presurgery CBCTs were randomly selected from 159 orthognathic surgery patients. Three
observers independently repeated 3 times the identification of 30 landmarks in the sagittal, coronal, and axial slices. A
mixed-effects analysis of variance model estimated the intraclass correlations (ICC) and assessed systematic bias.
Results. The ICC was �0.9 for 86% of intraobserver assessments and 66% of interobserver assessments. Only 1% of
intraobserver and 3% of interobserver coefficients were �0.45. The systematic difference among observers was greater
in X and Z than in Y dimensions, but the maximum mean difference was quite small.
Conclusion. Overall, the intra- and interobserver reliability was excellent. Three-dimensional landmark identification
using CBCT can offer consistent and reproducible data if a protocol for operator training and calibration is followed.
This is particularly important for landmarks not easily specified in all 3 planes of space. (Oral Surg Oral Med Oral

Pathol Oral Radiol Endod 2009;107:256-265)
Three-dimensional (3D) cephalometry has long been
proposed as the ideal for orthodontic diagnosis, treat-
ment planning, and follow-up of the patients.1 Diagno-
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sis, treatment planning, and assessment of change over
time have been routinely based on landmark-based
analysis in 2D cephalometry.1

Three-dimensional landmarks represent an advan-
tage over traditional location of 2D landmarks, which
may be hindered by rotational, geometric, and head-
positioning errors.2,3 These errors may lead to inaccu-
rate representation of anatomic landmarks or poor vi-
sualization of some structures.4 The use of cone-beam
computerized tomography (CBCT) in dentistry offers
great potential for 3D diagnosis and treatment planning
compared with CT.5-16 However, the development of
3D landmark-based cephalometric analysis requires
definition of 3D landmarks on complex curving struc-
tures, which is not a trivial problem. As Bookstein16

noted, there is a lack of literature about suitable oper-
ational definitions for the landmarks in the 3 planes of
space (coronal, sagittal, and axial). Practical consider-

ations of identification errors, coupled with an essential
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need for biologic relevance and a balanced representa-
tion of components of the craniofacial form, limit the
number and nature of landmarks available for analysis.
Historically, landmarks, such as Articulare, were used
because of the ease in landmark location on the 2D
cephalometric projections, but these projected superim-
posed structures do not exist in the actual 3D facial
structure. For these reasons, the development of 3D
landmark-based cephalometric analysis demands suit-
able operational definitions of the landmark location in
each of the 3 planes of space,6 and reproducibility of
landmark identification is necessary to take full advan-
tage of the 3D diagnostic power offered by CBCT
imaging.17

If 3D landmark identification is reliable and research
protocols are carefully planned to avoid bias, 3D ceph-
alometry has the potential of providing unambiguous
information for diagnosis of skeletal asymmetry, lon-
gitudinal monitoring of growth, and postsurgical as-
sessment. It is well known that operator experience has
a positive effect on measurement accuracy and repro-
ducibility.17 The purpose of the present article was to
evaluate intra- and interobserver reliability in 3D land-
mark identification using CBCT images.

MATERIAL AND METHODS
Presurgical CBCT images of 12 patients with vary-

ing dentofacial deformities (6 skeletal class II and 6
skeletal class III) were randomly selected to represent
the spectrum of diverse facial morphologies from an
available pool of 159 patients enrolled in parent study
in our Dentofacial Deformities Program. The inclusion
criteria for enrollment in the parent study were skeletal
deformity severe enough to warrant surgical correction
and age between 13 and 50 years. The exclusion criteria
were: 1) presence of a cleft; 2) problems secondary to
trauma; 3) degenerative conditions (e.g., rheumatoid
arthritis); 4) pregnancy at baseline; 5) correction by
genioplasty only; and 6) inability to follow written
English instructions. Patients were not excluded on the
basis of age, gender or ethnicity. Biomedical Institu-
tional Review Board was obtained, and informed con-
sent and Health Insurance Portability and Accountabil-
ity Act (HIPAA) authorization forms were signed by all
subjects.

The CBCT scans were obtained using the Dental
Volumetric Tomograph NewTom 3G (AFP Imaging,
Elmsford, NY). The scanner was operated by a personal
computer which used Windows NT operating system
(Microsoft Corporation, Redmond, WA). The basis
projections were transfered as raw image data to an
Expert Workstation, where the primary reconstruction
was performed using filtered back projection tech-

niques to build the 3D data volume. Secondary recon-
struction was equivalent to multiplanar reformatting,
allowing the operator to obtain image slices through the
3D volume in any directions.18 The imaging protocol
used a 12-inch field of view to include the entire facial
anatomy. The axial slice thickness was 0.3 mm and the
voxels were isotropic. Axial images were saved as
12-bit-depth DICOM files. These images were im-
ported in Dolphin 3D (prerelease version 1; Dolphin
Imaging and Management Systems, Chatsworth, CA),
which uses the same procedures as the current version
of Dolphin 10 for 3D landmark identification. For each
subject, a 3D virtual model was created and used to
determine head orientation and standardize the center
of the 3D coordinate system. Using axial, coronal, and
sagittal views of the 3D head rendering, the midsagittal
plane of the model was oriented vertically, the trans-
porionic line was oriented horizontally, and the Frank-
fort horizontal plane was oriented horizontally. The
center of the coordinate system was determined by the
intersection of the transporionic line and the midsagittal
plane.19

A total of 30 landmarks were selected (Table I), and
defined criteria were established for each landmark.
The X, Y, and Z coordinates of each landmark were
defined to standardize the anatomic identification in the
3 planes of space and to guide the selection of the most
appropriate slice in the axial, coronal, and sagittal
views (Figs. 1 and 2). Besides the cross-sectional slices
in the 3 planes of space, the Dolphin software also
allows visualization of a 3D virtual rendering. The 3D
virtual rendering was used to confirm landmark spatial
position, but not for landmark location, because 3D
renderings are projected images and not actual surfaces
(Fig. 3). If the observer had difficulty visualizing any
landmark in a specific plane, the software allowed both
mutliplanar views or selection of just 1 single plane in
full-screen window to zoom and facilitate landmark
location (Fig. 3).

Three observers (an orthodontist, a dental radiolo-
gist, and a third-year dental student) were trained and
calibrated to identify 3D landmarks using the sagittal,
coronal, and axial slices using a set of 10 CBCT scans
not included in this study. Working independently after
calibration, the 3 observers identified and marked the
30 anatomic landmarks in 12 CBCT exams. Using the
sagittal, coronal, and axial views, the position of the
landmark was recorded by the Dolphin 3D software as
numerical values for the X, Y, and Z coordinates,
respectively. The digitized data were then exported to a
Microsoft Excel spreadsheet (Microsoft Corporation,
Redmond, WA). The landmark identifications were re-
peated 3 times by each observer at intervals of at least
3 days, yielding 36 sets for each observer. A 2-way

mixed-effects analysis of variance (ANOVA) model



Table I. Landmarks selected for the study
Landmark name Anatomic region Lateral view Axial view Anteroposterior view

1. Sella turcica (S) Pituitary fossa of the sphenoidal
bone

Middle point of the anteroposterior width
of the fossa

Middle point of the anteroposterior and
lateral width of the fossa

Middle point of the lateral width
of the fossa in the
anteroposterior slice
determined by the lateral and
axial views

2. Nasion (N) Frontonasal suture Anterior-most point Middle-anterior–most point on the
anterior contour

Middle point

3. A point (A) Premaxilla Posterior-most point on the curve of the
maxilla between the anterior nasal
spine and supradentale

Middle-anterior–most point on the tip
of the premaxilla

Middle point in the
anteroposterior slice
determined by the lateral and
axial views

4. B point (B) Anterior surface of the
mandibular symphysis

Posterior-most point Middle-anterior–most point on the
anterior contour

Middle point in the
anteroposterior slice
determined by the lateral and
axial views

5. Pogonion (Pg) Contour of the bony chin Anterior-most point Middle-anterior–most point on the
anterior contour

Middle point in the
anteroposterior slice
determined by the lateral and
axial views

6. Gnathion (Gn) Contour of the bony chin Anterior-inferior–most point Middle-anterior-inferior–most point Middle-inferior–most point
7. Menton (ME) Lower border or the mandible Inferior-most point Middle-inferior–most point Inferior-most point
8. Anterior nasal spine

(ANS)
Median, sharp bony process of

the maxilla
Point on the tip Anterior-most point Middle point in the

anteroposterior slice
determined by the lateral and
axial views

9. Right mandibular
gonion (rGo)

Angle of the right mandibular
body

Middle point along the angle Posterior-most point Inferior-most point

10. Left mandibular
gonion (lGo)

Angle of the left mandibular
body

Middle point along the angle Posterior-most point Inferior-most point

11. Right condylion
(rCo)

Right condyle Superior-most point Middle point in the axial slice level
determined by the lateral and
anteroposterior views

Middle-superior–most point

12. Left condylion (lCo) Left condyle Superior-most point Middle point in the axial slice level
determined by the lateral and
anteroposterior views

Middle-superior–most point

13. Right orbitale (rOr) Lateroinferior contour of the
right orbit

Anterior-superior–most point on the edge
between the internal and external
contours

Anterior-most point Lateroinferior most point

14. Left orbitale (lOr) Lateroinferior contour of the
left orbit

Anterior-superior–most point on the edge
between the internal and external
contours

Anterior-most point Lateroinferior most point

15. Right upper incisal
edge I (rUIE)

Incisal tip of right upper central
incisor

Inferior-most point Middle point of the mesiodistal and
buccolingual width

Middle point of the mesiodistal
width

16. Right lower incisal
edge (rLIE)

Incisal tip of right lower central
incisor

Superior-most point Middle point of the mesiodistal and
buccolingual width

Middle point of the mesiodistal
width
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Table I. Continued
Landmark name Anatomic region Lateral view Axial view Anteroposterior view

17. Right lateral
mandibular condyle
(rLCo)

Lateral contour of the right
condyle

Middle point in the lateral slice
determined by the axial and
anteroposterior views

Middle-lateral–most point on the
external surface

Lateral-most point

18. Left lateral
mandibular condyle
(lLCo)

Lateral contour of the left
condyle

Middle point in the lateral slice
determined by the axial and
anteroposterior views

Middle-lateral–most point on the
external surface

Lateral-most point

19. Right medial
mandibular condyle
(rMCo)

Medial contour of the right
condyle

Middle point in the lateral slice
determined by the axial and
anteroposterior views

Middle-medial-most point on the
external surface

Medial-most point

20. Left medial
mandibular condyle
(lMCo)

Medial contour of the left
condyle

Middle point in the lateral slice
determined by the axial and
anteroposterior views

Middle-medial–most point on the
external surface

Medial-most point

21. Right ramus point
(rRP)

Posterior border of the right
mandibular ramus

Middle-posterior–most point between the
condylar neck and the angle of the
mandibular body

Middle-posterior–most point Inferior-most point

22. Left ramus point
(lRP)

Posterior border of the left
mandibular ramus

Middle-posterior–most point between the
condylar neck and the angle of the
mandibular body

Middle-posterior–most point Inferior-most point

23. Right upper molar
point (rUM1)

Distal surface of the molar tube Middle-posterior–most point Middle-posterior–most point Lateral-most point

24. Left upper molar
point (lUM1)

Distal surface of the molar tube Middle-posterior–most point Middle-posterior–most point Lateral-most point

25. Right lower molar
point (rLM1)

Distal surface of the molar tube Middle-posterior–most point Middle-posterior–most point Lateral-most point

26. Left lower molar
point (lLM1)

Distal surface of the molar tube Middle-posterior-most point Middle-posterior–most point Lateral-most point

27. Right tuberosity
(rTb)

Distal contour of the right
maxillary tuberosity

Posterior-inferior–most point Posterior-most point Inferior-most point

28. Left tuberosity (lTb) Distal contour of the left
maxillary tuberosity

Posterior-inferior–most point Posterior-most point Inferior-most point

29. Right Zygomatic
Suture (rZS)

Zygomaticomaxillary suture Anterior-inferior–most point Anterior-most point Lateral-inferior–most point

30. Left zygomatic
suture (lZS)

Zygomaticomaxillary suture Anterior-inferior–most point Anterior-most point Lateral-inferior–most point
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with an interaction between observer and patient was
fitted to each landmark and each coordinate, with ob-
server as a fixed effect (3 levels) and patient as a
random effect (12 levels). Intraclass correlation (ICC)
formulas were determined using the table of expected
mean squares (MS) 20: ICC within observer � (MSpa-
tient � 3MSinteraction � 4MSerror)/(MSpatient �
3MSinteraction � 5MSError); ICC between observer
� (MSpatient � MSError)/(MSpatient � 3MSinterac-
tion � 5MSError). A separate repeated-measures
ANOVA model was fitted without the interaction be-
tween patient and observer to assess whether bias
among the observers existed. To test whether there was
systematic bias in the observer estimates of landmark
location, that means to test that at least 1 pair of
observers had a mean difference significantly different
from zero, or that at least 1 observer located a landmark
consistently differently: An F test was calculated for the
X, Y, and Z coordinates of each landmark. The level of

Fig. 1. Example of identification of the A point in the 3 plan
of all 3 planes of space and 3D rendering in the same softw
significance was set at .05.
RESULTS
The reliability was estimated by ICC for each land-

mark and each coordinate. Tables of frequencies of the
intra- and interobserver reliability summarize the re-
sults (Tables II and III). Overall, these tables show that
the ICC indicated excellent reliability for both intra-
and interobserver assessments.

Table II shows the frequency of the intraobserver
reliability estimated by ICC for the X, Y, and Z
coordinates. The ICC was �0.9 for 77 (85.55%) of
the intraobserver assessments, with the greatest fre-
quency in the Z coordinate (93.33%). Only 1 (1.1%)
of the intraobserver coefficients showed poor reli-
ability (ICC �0.45), which also occurred in the Z
coordinate.

The frequency of the interobserver reliability esti-
mated by ICC for the X, Y, and Z coordinates are
shown in Table III. The ICC was �0.9 for 59 (65.55%)
of the interobserver assessments with the greatest fre-

ace. The software allows tracking of the cursor with display
dow to verify landmark location.
es of sp
quency in the Z coordinate (80.00%). A poor reliability
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was shown in the Y and Z coordinates, as indicated by
an ICC of �0.45 for 2 cases (6.66%) in the Y coordi-
nate and 1 case (3.3%) in the Z coordinate, totaling only
3 (3.3%) of all interobserver assessments.

Table IV lists the reliability estimated by ICC for
each landmark and each coordinate. Two bilateral land-
marks showed low ICC scores, indicative of poor reli-
ability: Y coordinate of right and left ramus, and Z
coordinate of right and left condylion.

To further examine the interobserver differences,
Table V shows the frequency of differences in mean
value on landmark location in the X, Y, and Z coordi-
nates. The frequencies were calculated using the range
of mean observer scores in each landmark. The sum-
marized results in Table V illustrate that 69 (76.6%) of
the landmarks had a quite small mean difference of �1
mm and that in only 2cases (2.22%) did the mean
difference exceed 2 mm.

DISCUSSION
Landmark-based analysis using linear and angular

measurements are the most popular method of cepha-
lometric analysis among clinicians.1 Cone-beam CT
potentially provides opportunities for 3D cephalomet-
rics in orthodontic assessment of bony landmarks and
air-bounded surfaces such as the facial skin.21 Farman
and Scarfe21 have described methods for creating 2D

Fig. 2. Selection of 1 plane window display to improve
visualization for careful landmark location at each plane at a
time. This example displays selection of the axial view in
zoom to aid identification of the lateral pole of the left
condyle.
cephalograms from CBCT volumetric data sets so that
direct comparisons can be made between existing 2D
databases and the future paradigm of 3D analysis. Just
as numerous 2D cephalometric analyses have been
proposed since the introduction of the cephalostat by
Broadbent, it appears likely that 3D cephalometry will
also lead to new definitions of landmarks and new
proposed analyses.2 However, 3D cephalometry re-
quires alterations in paradigms of the 2D radiographic
and cephalometric analyses and demands careful train-
ing of residents and clinicians to take full advantage of
the potential information offered by 3D imaging.

The development of the present study methods re-
quired definition of the landmarks in the coronal (an-
teroposterior) and axial (superior-inferior) planes in
addition to the traditional landmark definitions in the
sagittal (lateral) plane. The sources of error in landmark
identification in this study can be 2-fold. First, some
landmarks can be easily identified in 1 or 2 planes of
the space, but landmark identification in the third plane
might be difficult. Observers tended to locate the land-
mark in the planes of easy identification, disregarding
the plane of difficult visualization. Second, the selec-
tion of the best slice for landmark location in each X, Y,
and Z coordinate requires time, calibration training, and
careful assessment. Three-dimensional landmark iden-
tification is more time consuming than conventional 2D
cephalograms tracing, because it requires identifying
landmarks in coronal, sagittal, and axial views and
double-checking the visualization in the 3 planes of the
space and in the 3D rendering.

Even though the 3 observers in the present study had
different training backgrounds, and 1 of them had no
prior experience with CT or CBCT scans, the observ-
ers’ training background had minimal effect on land-
mark location errors. This minimal effect of prior ex-
perience can be explained by careful observer
calibration with the definition of landmark location in
each of the 3 planes of space before the start of the
study, using a set of 10 CBCT scans not included in the
study.

In 2D cephalograms, many landmarks are defined as
the uppermost or lowermost point of structures. A point
on the edge of a structure in a lateral cephalogram may
not correspond to the same point in the coronal cepha-
logram, owing to the 2 different X-ray beam projec-
tions. This absence of spatial correspondence among
the 2D views is a problem in 2D cephalograms. But 3D
coordinate points correspond to 3D anatomic truth and
pinpoint locations in the exact same anatomic locus.22

Inherent to 3D landmark-based cephalometric analysis,
even in 3D linear and angular analyses, is the limitation of
being unable to assess how entire surfaces changed rather
than discrete points. Recent studies have reported the use

of 3D CBCT virtual surface models instead of the 3D
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renderings displayed by commercial softwares such as
Dolphin and Invivo (Anatomage, San Jose, CA)) for as-
sessment of treatment changes.6,15,23-25 However, 3D sur-
face models are not available for routine clinical use,
because these methods are more time consuming and
require computing expertise.

The results of the present study showed that it is

Fig. 3. Landmarks displayed in the 3D rendering. Note that la
the center of the projected rendered view.

Table II. Frequency of the intraobserver reliability es-
timated by intraclass correlation (ICC) for the X, Y, and
Z coordinates

Range

Coordinate

TotalX Y Z

n (%) n (%) n (%) n (%)

ICC � 0.90 24 (80.0) 25 (83.33) 28 (93.33) 77 (85.55)
0.75 � ICC

� 0.90
2 (6.66) 3 (10.0) 0 0 5 (5.55)

0.45 � ICC
� 0.75

4 (13.33) 2 (6.66) 1 (3.33) 7 (7.77)

ICC � 0.45 0 0 0 0 1 (3.33) 1 (1.11)
Total 30 (100.0) 30 (100.0) 30 (100.0) 90 (100.0)
possible to accomplish landmark identifications in 3D
with a high degree of reliability after training. The
greatest frequencies of ICC �0.9 were in the axial view
in both intra- and interobserver analyses, with 93.3%
and 80%, respectively. But overall, the results were
satisfactory in all 3 planes of space. One might have
expected greatest reproducibility of landmark location
in the sagittal (lateral) plane of space, because clini-

k locations appear distorted for landmarks located away from

Table III. Frequency of the inte-observer reliability
estimated by intraclass correlations (ICC) for the X, Y,
and Z coordinates

Range

Coordinate

TotalX Y Z

n (%) n (%) n (%) n (%)

ICC � 0.90 20 (66.6) 15 (50) 24 (80.0) 59 (65.5)
0.75 � ICC

� .0.90
4 (13.3) 8 (26.6) 4 (13.3) 16 (17.7)

0.45 � ICC
� 0.75

6 (20.0) 5 (16.6) 1 (3.3) 12 (13.3)

ICC � 0.45 0 0 2 (6.6) 1 (3.3) 3 (3.3)
Total 30 (100.0) 30 (100.0) 30 (100.0) 90 (100)
ndmar
cians are used to landmark identification in 2D lateral
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cephalograms, but observer calibration and training be-
fore the present study might have aided reproducibility
in all 3 planes of space.17 Park et al.4 reported similar
results with medical CT, where intraexaminer reliabil-
ity between 2 observations found that all 19 landmarks
used in their study were reproducible, and there was no
significant intraexaminer error.

The accuracy and reproducibility of 3D medical CT
has been confirmed by Olszewski et al.26 and Swennen
and colleagues,27,28 but their findings cannot be directly

Table IV. Reliability estimated by intraclass correlatio

Landmark

Intraobserve

X Y

Anterior nasal spine 0.98 0.9
A point 0.99 0.9
B point 0.98 0.9
Gnathion 0.98 0.9
Left Ccondylion 0.66 1
Left mandibular gonion 0.97 0.9
Left lower molar point 0.98 0.9
Left lateral mandibular condyle 0.98 0.9
Left medial mandibular condyle 0.97 0.9
Left orbitale 0.8 0.9
Left upper molar point 0.97 0.9
Left ramus point 0.95 0.6
Left tuberosity 0.73 0.7
Left zygomatic suture 0.92 0.9
Menton 0.98 1
Nasion 0.99 1
Pogonion 0.98 0.9
Right condylion 0.46 0.9
Right mandibular gonion 0.99 0.8
Right lower incisal edge 0.99 1
Right lower molar point 0.96 0.9
Right medial mandibular condyle 0.99 0.9
Right orbitale 0.81 0.9
Right upper incisal edge 0.98 1
Right upper molar point 0.97 0.9
Right lateral mandibular condyle 0.99 0.9
Right ramus point 0.98 0.5
Right tuberosity 0.73 0.7
Right zygomatic suture 0.92 0.9
Sella turcica 0.93 1

Table V. Frequency of the difference in mean values o

Range (mm)

Coordi

X Y

n (%) n

�2 0 (0) 0
1 � x � 2 6 (20.0) 8
0.5 � x � 1 10 (33.3) 13
�0.5 14 (46.6) 9
Total 30 (100) 30
compared with the results in the present study, because
they reported inter- and intraobserver reproducibility of
cephalometric measurements, not landmark location.
Other recent studies described cephalometric analysis
based on 3D CT anatomic landmarks to evaluate the
craniofacial morphology.22,26-29 But data acquisition
with medical CT has some drawbacks: 1) higher radi-
ation exposure compared with CBCT; 2) horizontal
positioning of the patient during record taking falsifies
the position of the soft tissue; 3) lack of a detailed
occlusion owing to artifacts; and 4) limited access for

each landmark and each coordinate
ility Interobserver reliability

Z X Y Z

0.99 0.89 0.83 0.99
1 0.91 0.7 0.99
1 0.94 0.9 0.99
1 0.96 0.92 1
0.5 0.65 0.97 0.49
0.96 0.97 0.73 0.9
0.93 0.97 0.82 0.87
0.99 0.98 0.94 0.97
1 0.97 0.95 0.99
0.99 0.71 0.91 0.93
1 0.94 0.81 0.95
1 0.94 0.44 0.98
0.96 0.71 0.57 0.89
0.97 0.86 0.89 0.95
1 0.95 0.92 1
1 0.87 0.98 0.97
1 0.96 0.94 1
0.29 0.46 0.98 0.28
0.93 0.96 0.71 0.91
1 0.92 0.88 0.98
0.93 0.94 0.87 0.88
0.99 0.93 0.93 0.99
0.98 0.65 0.96 0.95
1 0.95 0.79 0.95
1 0.96 0.85 0.94
0.98 0.97 0.96 0.97
0.99 0.95 0.29 0.99
0.94 0.71 0.48 0.9
0.96 0.89 0.93 0.95
1 0.90 0.95 0.99

tion landmark identification in X, Y, and Z coordinates

TotalZ

N (%) n (%)

2 (6.6) 2 (2.22)
) 5 (16.6) 19 (21.1)
) 10 (33.3) 33 (36.6)
) 13 (43.3) 36 (40.0)
) 30 (100) 90 (100)
ns for
r reliab

9
4
8
9

2
8
8
8
9
7
8
5
8

9
9
9

6
7
9

3
7
1
7
8

n loca
nate

(%)

0
(26.6
(43.3
(30.0
the routine craniofacial patient, because of higher
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cost.3,4,28,30 The use of 3D medical CT cephalometric
analysis might be limited to those complex orthog-
nathic cases with asymmetry and operable craniofacial
syndromes.3,26 The advantages of CBCT over conven-
tional CT include lower radiation dose, lower cost,
potentially better access, and high spatial resolution.3

Although 3D CBCT analysis for diagnosis and treat-
ment still requires clinical validation, it is expected that
CBCT 3D cephalometry will soon be available for
routine craniofacial care.28

Although overall the results of this study were sat-
isfactory in all 3 planes of space, Table IV shows poor
reliability of the Y coordinate definition of the right and
left ramus points and the Z coordinate of right and left
condylion. These findings can be explained by deficient
definition criteria of those landmarks in those particular
views, and by their location along the anatomic areas
that are not areas of maximum curvature. Therefore, the
characteristics of the landmark can influence its repro-
ducibility. The choice of landmarks and the ability to
reliably identify them determine the usefulness of the
3D cephalometric analysis and have an impact on the
accuracy of measurements.31

Interobserver mean value differences of X, Y, and Z
coordinates in the present study were similar within all
3 planes of space. Sixty-nine (76.6%) of the 90 land-
mark coordinates had a quite small mean difference of
�1 mm, and in only 2 Z coordinates (2.22%) the mean
difference exceeded 2 mm. The clinical significance of
the accuracy of the landmark identification error de-
pends on the level of accuracy required. The acceptable
degree of error depends on the type and complexity of
the treatment procedures being planned and the goals of
the study. Other factors related to the accuracy and
reliability of 3D landmarks will need to be further
investigated, such as the effect of slice thickness, use of
overlapping slices, scanning time, gantry tilt, and pa-
tient head positioning.3 The slice thickness used in the
present study was 0.3 mm, whereas CT studies use slice
thickness of 1 mm or more. Recent studies4,17 empha-
size that narrower slices should result in better mea-
surement accuracy, decreasing the landmark identifica-
tion errors.

CONCLUSIONS
Overall, the intra- and interobserver reliability was

excellent. Three-dimensional landmark identification
from CBCT images can offer consistent and reproduc-
ible data if a protocol for operator training and calibra-
tion is followed. Use of cross-sectional slices in all 3
views of space take full advantage of the 3D CBCT
information, although landmark location on the 3D

renderings can lead to errors. This is particularly im-
portant for landmarks not easily specified in all 3 planes
of space.
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