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Comparison of common hard tissue cephalometric measurements between

computed tomography 3D reconstruction and conventional 2D
cephalometric images

Oded Yitschaky?; Meir Redlich®; Yossi Abed°; Marina Faerman<; Nardy Casape; Nurith Hiller'

ABSTRACT

Objective: To compare cephalostat two-dimensional (2D) measurements to 3D computed
tomography (CT) measurements in order to determine the compatibility of CT landmarks
identification for orthodontic purposes.

Materials and Methods: Ten human skulls were x-rayed in conventional lateral cephalogram and
then scanned with spiral CT. Twenty-eight linear and angular cephalometric measurements were
registered on the 2D lateral cephalogram and compared to the same measurement on the 3D CT
scan. Significance of the results was determined by ttest for paired differences (P < .05).
Results: No difference was found between 2D and 3D images for linear or ratio measurements. As
for the angular cephalometric measurements, only the sella turcica dependent measurements,
showed significant difference between 2D and 3D.

Conclusions: The compatibility of using most of the common orthodontic examined cephalometric
measurements on 3D volume rendered image was proven except for the angular measurements

that included sella anatomic landmark. (Angle Orthod. 2011;81:11-16.)
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INTRODUCTION

For more than seven decades cephalometry has
been one of the main diagnostic tools available to the
orthodontist. Cephalometric norms were published by
prominent clinicians and researchers, and are used for
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diagnosis, treatment progress, posttreatment evalua-
tion, and research.® Since the early days of cepha-
lometry, many attempts were published to allow three-
dimensional (3D) imaging and analysis. The first
cephalostat, developed by Broadbent, made possible
lateral and frontal roentgenograms of the patient’s
head, with the patient’s head held by a head holder.”
Broadbent’s analysis was meant to be 3D, stereo-
scopic, and to give a diagnosis of facial relations in
three dimensions. Other, more recent 3D reconstruc-
tions of 2D images are known in the orthodontic
literature.®. The attempt to develop 3D analysis and
diagnosis is more interesting today, with the wide-
spread use of multislice computed tomography
(MSCT) imaging with its multiplanar capabilities.

With the advancement of helical computer tomog-
raphy (CT) and 3D techniques, the traditional imaging
methods should be reevaluated. We witness today
new voices in the orthodontic literature that claim that
the 2D method of diagnosis is obsolete, and that in the
future, cephalometry will be primarily, if not solely, 3D
based.®™ The invention of new imaging techniques
allows us improved 3D imaging at lower costs and
relatively low radiation exposure.®"”

Periago et al.” compared cone beam CT (CBCT) 3D
measurements to direct measurements on human

Angle Orthodontist, Vol 81, No 1, 2011



12

Table 1. Description of the Cephalometric Landmarks

YITSCHAKY, REDLICH, ABED, FAERMAN, CASAP, HILLER

Sella (S)

Nasion (N)

Orbitale (Or)

Anterior nasal spine (ANS)
Posterior nasal spine (PNS)
Pogonion (Pog)

Menton (Me)

Gonion (Go)

The geometric center of the pituitary fossa

Midsagittal point at junction of frontal and nasal bone at nasofrontal junction

Most inferior point on infraorbital rim

Most anterior limit of floor of nose, at tip of ANS

Point along palate immediately inferior to pterygomaxillary fossa

Most anterior point along curvature of chin

Most inferior point along curvature of chin

Point along angle of mandible, midway between lower border of mandible and posterior

ascending ramus

Basion (Ba)
Porion (Po)
Condylion (Co)
Articulare

Most inferior point on anterior margin of foramen magnum

Most superior point of anatomic external auditory meatus (anatomic Po)

Most posterior superior point of midplaned contour of mandibular condyle

A point at the junction of the posterior border of ramus and the inferior border of the

posterior cranial base

A point (subspinale)
B point (supramentale)

The most posterior midline point in the concavity between the ANS and the prosthion
The most posterior midline point in the concavity of the mandible between the most

superior point on the alveolar bone overlying the mandibular incisor and Pog

Gnathion (Gn)

Upper central incisor tip (U1 tip)
Upper central incisor apex (U1 apex)
Upper central incisor buccal (U1 B)
Lower central incisor tip (L1 tip)
Lower central incisor apex (L1 apex)
Lower central incisor buccal (L1 B)

The most anteroinferior point on the symphysis of the chin
The tip of most prominent upper central incisor

The apex of most prominent upper central incisor

Most buccal point of most prominent upper central incisor
The tip of most prominent lower central incisor

The apex of most prominent lower central incisor

Most buccal point of most prominent lower central incisor

skull and concluded that these reconstructed imaging
reflect the true linear distances between anatomic
landmarks of the skull. This observation supports the
idea that CT should be considered the gold standard
for cephalometric measurements. Other researchers
proved the accuracy and precision of 3D landmark
identification at various exposure protocols.'**'

The purpose of this study is to compare cephalostat
2D cephalometric measurements to 3D CT measure-
ments in order to determine the compatibility of CT for
common orthodontic cephalometric analyses.

MATERIALS AND METHODS

Ten human dry skulls with stable and reproducible
occlusal relationship were used for this study. No
demographic data were available; the skulls were not
identified by age, sex, or ethnicity. Each skull was
scanned with conventional lateral cephalogram and
CT. Cephalograms were performed with a cephalostat
machine which has 9% magnification (Cranex, Sor-
edex, Tuusula, Finland).

CT was performed with a 16-slice helical scanner
(GE-LightSpeed, GE Medical Systems, Milwaukee,
Wis). Each skull was placed on the center of a
dedicated head holder of the CT machine with the
Frankfort horizontal plane parallel to the floor. The
scanner light beam was used to reassure symmetry of
the skull position in the sagittal and axial planes. The
scan was performed in a caudal-cranial direction from
below the mandible to above the cranial convexity
using the following parameters: 80 kVp, automated
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mA, 0.625-mm slice thickness reconstructed in
2.5 mm, 0.9 pitch, small FOV, and a 512 X 512
matrix. CT data were transferred to an independent
workstation (Advantage Windows 4.2, GE, Milwaukee,
Wis) for postprocessing. Radiation exposure was
approximately 1 mSv.

For the lateral cephalogram, the skull was stabilized
by two ear rods in the external auditory meatuses and
positioned with the Frankfort horizontal plane parallel to
the floor, the sagittal plane perpendicular to the x-ray
beam, and the left side closest to the detector. For CT
imaging, the skull was stabilized with a head holder in
the machine. The Frankfort horizontal was set as parallel
to the horizon with the software tools before analysis.
Twenty-eight linear and angular measurements were
registered on 2D lateral cephalogram and compared to
the same measurement registered on the 3D CT scan.

Each conventional cephalogram was traced manu-
ally on 0.003-inch thick matte acetate cephalometric
tracing paper (GAC International, Bohemia, NY) with a
0.5-mm diameter (2B) mechanical lead pencil. Ceph-
alometric landmarks were recognized as described in
Table 1. Commonly used cephalometric linear distanc-
es and angular measurements were measured and/or
calculated.

The 3D measurements were measured by distance
and angular tools of commercial software. Each
anatomic measurement was identified as a 3D point
with the software. The software enables simultaneous-
ly recognizing the same spatial point in sagittal,
coronal, and axial planes, which are represented in
three separate windows (Figure 1). A fourth window
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Figure 1. 3D anatomic landmark recognition. The figure represents 3D localization of the sella turcica anatomic landmark by simultaneous

localization on separate spatial planes (sagittal, coronal, and axial).

allows the recognition of the anatomic point on a volume
rendered (VR) window, which is a 3D image of the skull.
The measurements were made by the same trained
practitioner, at two separate times (4-week interval), in a
darkened room with a black surround. Within 2D
conventional lateral cephalogram analysis and 3D
computed tomography analysis, the repeated measure-
ments were compared with t-test for paired differences.

The null hypothesis assumed that the repeated
measurements are in a same distribution and have the
same average. In case this assumption was rejected,
the measurement was recorded again, but only when
the difference was small. After repeatability of the
measurements was proven, we compared the 2D
measurements to the same measurements registered
in 3D, also with ttest for paired differences (signifi-
cance level was set as .05).

RESULTS

The results of comparisons of 2D measurements
to 3D measurements are shown in Tables 2 through 4.
There was no significant difference for linear measure-
ments (Table 2) between 2D and 3D images. The only
measurement that approached significant difference
was AO-BO (Wits appraisal) with a P value of .054.

As for angular cephalometric measurements, there
was no difference between conventional lateral ceph-
alogram analysis and 3D analysis for most of the
measurements, excluding the S (sella turcica) depen-
dent measurements such as SNA, SNB, Go-Gn/SN,
and saddle angle (N-S-Ar).

As for ratio measurements (LAFH/TFH, PFH/AFH),
there was no difference between 2D and 3D images
(Table 4).
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Table 2. Comparison of 2D and 3D Linear Measurements (in mm)?

YITSCHAKY, REDLICH, ABED, FAERMAN, CASAP, HILLER

Variable 2D (Lateral cephalogram) 3D (CT) Difference (2D — 3D) P value®
ACB (S-N) Mean 63.30 62.41 0.89 772
SDMe 5.35 6.22 9.46 NS
PCB (S-Ar) Mean 26.88 29.17 -2.29 .250
SDM 4.08 3.00 5.88 NS
A/N perp Mean 2.94 4.91 -1.97 .330
SDM 4.65 2.70 6.05 NS
ANS-PNS Mean 48.16 47.19 0.97 731
SDM 6.04 6.38 8.70 NS
Pog/N perp Mean —6.79 —2.42 —4.37 144
SDM 8.00 3.83 8.62 NS
Ramus height (Ar-GO) Mean 37.06 36.47 0.59 .855
SDM 7.58 7.62 10.02 NS
Corpus length (GO-ME) Mean 65.05 64.72 0.33 .940
SDM 9.10 8.69 13.47 NS
AO-BO Mean 2.34 —0.53 2.87 .054
SDM 3.14 2.06 4.09 NS
Co-A (Midface length) Mean 77.98 77.03 0.95 .826
SDM 8.93 8.38 13.27 NS
Co-Gn (Mandibular length) Mean 98.44 99.30 —0.86 .896
SDM 13.57 14.23 20.16 NS
LAFH (ANS-Me) Mean 63.30 61.44 1.86 .676
SDM 9.67 9.55 13.63 NS
TFH (N-Me) Mean 107.06 105.06 2.00 762
SDM 14.23 14.62 20.28 NS
PFH (S-Go) Mean 62.48 63.46 -0.98 .839
SDM 10.74 9.91 14.84 NS

a CT indicates computed tomography; SDM, description.

® t-test for paired differences. P = .05 is significant; P > .05 is not significant (NS).

¢ Standard Deviation of the Mean.

DISCUSSION

This is a pioneer study, designed to estimate the
feasibility of measuring common cephalometric mea-
surements on a 3D image. The anatomic landmarks
which were used on 2D cephalogram are better
visualized in 3D images. The software which was
used for this study enables pinpoint location of most of
the anatomic landmarks. The same landmark is
pointed in three anatomic planes and the 3D image
on four different screens (Figure 1). The cross-shaped
cursor automatically indicates the exact location in
every spatial plane (sagittal, coronal, horizontal, and
3D-VR). CT measurements can be performed very
precisely in a digital mode.

In a conventional 2D image, only a shadow of the
bone can be appreciated and measurements are
performed manually in a rather primitive fashion. Even
after subtracting the 9% magnification of the lines
measured on the lateral 2D cephalogram image, there
were no differences between the 2D and the 3D
images. The only measurement that approached
significant difference was AO-BO (Wits appraisal), P
= .054. But the average difference between the 2D
AO-BO and the 3D AO-BO was about 0.5 mm, which is
obviously not clinically significant.
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Ratio measurements (LAFH/TFH, PFH/AFH) were
similar between 2D and 3D analysis. Obviously, the
magnification of the images on the 2D is irrelevant
when calculating the ratio of two lines from the same
image.

The results obtained in this study suggest that
orthodontists can use linear and ratio measurements
determined in 3D CT similar to the way used in
conventional 2D cephalogram analyses.

Most of the measured angular measurements did
not show any statistical difference between 2D
cephalogram and 3D imaging. The angles that differed
were those which included the sella turcica anatomic
landmark as one of the angle line points. The sella
turcica anatomic landmark was identified differently on
lateral cephalogram and in the 3D analysis. The 3D
location of the mid-sella point is more precise with CT,
since the exact location could be estimated automat-
ically on the workstation in three planes including the
laterolateral plane. This process is not possible with 2D
imaging.

Previous research attempted to examine the feasi-
bility of using 2D cephalometric images rendered from
3D scan.?*?®* Qur study examined the possibility of
using conventional linear and angular cephalometric
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Table 3. Comparison of 2D and 3D Angular Measurements (in degrees)?

Variable 2D (Lateral cephalogram) 3D (CT) Difference (2D — 3D) P value®

SNA Mean 81.9 85.24 -3.34 .009**
SDMe 3.60 4.44 3.20

SNB Mean 75.0 77.89 —2.89 .005**
SDM 3.43 3.92 2.48

ANB Mean 6.9 7.35 —0.45 170
SDM 2.08 2.40 0.96 NS

FMA(Go-Me/FH) Mean 29.8 28.26 1.54 128
SDM 3.40 2.47 2.90 NS

Go-Gn/SN Mean 39.5 37.95 1.55 .038*
SDM 2.95 3.42 2.00

Saddle angle (N-S-Ar) Mean 123.7 119.16 4.54 .011*
SDM 5.03 6.50 4.51

Articular angle (S-Ar-Go) Mean 154.8 154.53 0.27 .840
SDM 6.05 7.00 4.14 NS

Gonial angle (Ar-Go-Me) Mean 123.9 124.01 -0.11 .882
SDM 3.87 3.87 2.30 NS

Bjork sum Mean 402.4 397.70 4.70 .003**
SDM 3.13 4.33 3.60

1 (Upper) to SN Mean 98.0 97.89 0.11 .936
SDM 9.60 8.50 4.21 NS

1 (Upper) to FH Mean 108.0 108.91 —0.91 .625
SDM 11.12 9.10 5.68 NS

IMPA Mean 94.2 95.42 —-1.22 .348
SDM 9.25 8.85 3.90 NS

Interincisal Mean 127.5 127.75 —0.25 .868
SDM 14.37 14.71 4.60 NS

a CT indicates computed tomography; SDM, description.
b t-test for paired differences.

¢ Standard Deviation of the Mean.

* P =.05;* P=.01. P> .05 is not significant (NS).

measurement directly on a CT volume rendered
image. In contrast to the study by Adams et al.,*
which compared 2D and 3D linear measurements to
physical measurement of the dry skull and concluded
that the conventional 2D system often renders both
inaccurate and imprecise results, our results indicate
that the differences are small.

CT 3D images for orthodontic purposes have
several important advantages over conventional 2D
images. CT provides a volume rendered image of the
skull that can be evaluated in any plan, enabling
accurate appreciation of the real shape of the skull,
jaws, and facial bones and allowing precise measure-
ments of the relationships between them. This

Table 4. Comparison of 2D and 3D Ratio Measurements?®
2D (Lateral 3D

Difference

Variable cephalogram) (CT) (2D — 3D) P value®

LAFH/ Mean 59.03 58.44 0.59 .180
TFH, % SDM° 1.80 2.40 1.29 NS

PFH/AFH, Mean 58.14 60.40 —2.26 .053
% SDMe 3.53 3.95 3.21 NS

a CT indicates computed tomography; SDM, description.
® t-test for paired differences; P > .05 is not significant (NS).
° Standard Deviation of the Mean.

advantage of the 3D images has a paramount
importance in cases of craniofacial or orofacial
anomalies.

CBCT is associated with less radiation exposure to
the patient and therefore is preferred to MSCT for
dental purposes. In CBCT the cone-shaped x-ray
beam enables acquisition of a long segment within one
rotation of the x-ray source, while in MSCT multiple
rotations of the x-ray source in the z axis are needed to
cover the full length of the skull. However, since only
the bones should be demonstrated for orthodontic
measurements, and since high resolution is not an
issue in this case, the radiation doses given in such a
study may be further reduced by half or more even in a
conventional MSCT scanner. This can be achieved by
lowering of the kVp and mA to a minimum possible.

Our study tried to convert traditional 2D based
measurements to 3D images. Because 3D CT has the
potential to be more informative and precise than the
2D measurement, the new, simple, and dedicated CT
measurement method should be created to increase
the diagnostic acumen of this technique. Our prelim-
inary results are encouraging, but it is obvious that
application of 2D analysis to 3D images requires more
research in the future. Different parameters for 3D

Angle Orthodontist, Vol 81, No 1, 2011



16

measurement should be established, which can create
a more accurate, easy, and elegant method for
cephalometric evaluation.

There are several limitations for our study. First our

sample is relatively small and included only 10 skulls.
In addition, all measurements were performed by the
same operator with intraobserver but not interobserver
method of measurement. The minimal radiation dose
possible with MSCT for this study was not evaluated.
Further studies on a larger sample group with reduced
radiation dose are needed.

CONCLUSIONS

« We can use most of the examined cephalometric
measurements calculated previously from 2D images,
on 3D volume rendered image, excluding angular
measurements that include the sella anatomic land-
mark as one of the angle line points.
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