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Cephalometric measurements from 3D reconstructed images
compared with conventional 2D images
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over, cephalometric analysis has other technical limitations as the images obtained can be distorted because
of mistakes associated with the X-ray apparatus or
errors in the positioning of the patient’s head.
Conventional medical computed tomography (CT)
was developed to analyze 3D structures on the three
spatial planes and so provide a more realistic image,
although the high cost of 3D reconstruction and the
high dosage of radiation involved limited its use. Conebeam computed tomography (CBCT)1,2 was then
developed to reduce the radiation dosage, achieve
greater precision on the three spatial planes, and
reduce the costs associated with CT.3
The accuracy4–16 and reproducibility11,14 of cephalometric landmarks have been widely studied for CT4,17,18
and CBCT5,10,12,13,19 by evaluating the location of those
landmarks20 or by comparing the linear and angular
measurements15,21–23 taken on lateral cephalometric
radiographs (LCR) with two-dimensional (2D) projections (orthogonal, in perspective, maximum-intensity
projection [MIP], projection similar to x-ray [RaySum]),
obtained from slices of a CBCT scan. The results for
landmark location were similar for both methods,20–22

INTRODUCTION
Cephalometric analysis is one of the key tools in
undertaking an accurate diagnosis in orthodontics, even
though it presents a number of limitations given that it
reduces to two dimensions a three-dimensional (3D)
object by projecting all structures onto a single plate,
thereby creating difficulties when it comes to understanding and undertaking an adequate analysis. Morea
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ABSTRACT
Objective: To assess whether the values of different measurements taken on three-dimensional
(3D) reconstructions from cone-beam computed tomography (CBCT) are comparable with those
taken on two-dimensional (2D) images from conventional lateral cephalometric radiographs (LCRs)
and to examine if there are differences between the different types of CBCT software when taking
those measurements.
Material and Methods: Eight patients were selected who had both an LRC and a CBCT. The 3D
reconstructions of each patient in the CBCT were evaluated using two different software packages,
NemoCeph 3D and InVivo5. An observer took 10 angular and 3 linear measurements on each of
the three types of record on two different occasions.
Results: Intraobserver reliability was high except for the mandibular plane and facial cone (from
the LCR), the Na-Ans distance (using NemoCeph 3D), and facial cone and the Ans-Me distance
(using InVivo5). No statistically significant differences were found for the angular and linear
measurements between the LCRs and the CBCTs for any measurement, and the correlation levels
were high for all measurements.
Conclusion: No statistically significant differences were found between the angular and linear
measurements taken with the LCR and those taken with the CBCT. Neither were there any
statistically significant differences between the angular or linear measurements using the two
CBCT software packages. (Angle Orthod. 2011;81:856–864.)
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Table 1a. Definition of the Three Spatial Planes of the 17 Cephalometric Landmarks Used in This Study
Name

Anatomical Definition

Sagittal or Lateral View

Sella turcica (S)

Anterposterior midpoint of
the pituitary fossa of the
sphenoid bone

Midpoint of the
anteroposterior
width

Nasion (Na)

Most anterior point of the
frontonasal suture
Most anterior point of the
foramen magnum

Most anterior point

Basion (Ba)

Right porion (Por)

Uppermost and
midpoint

Axial View

Midpoint of the lateral width
of the fossa, determined
anteroposteriorly by the
other two slices
Midpoint

Midpoint of the anteroposterior and lateral width of the
fossa

Midpoint of the foramen, determined anteroposteriorly
by the other two slices
Uppermost point

Most anterior and midpoint
of the anterior contour
Most anterior point of the
foramen
Midpoint, determined superoinferiorly by the other two
slices
Most anterior and midpoint

Most anterior point

Midpoint

Most anterior and
lowest point

Mid- and lowest point

Most anterior, lowest and
midpoint

Lowest point

Lowest point

Lowest and midpoint

Most anterior point

Most anterior and midpoint

Most anterior and midpoint

Most posterior point

Most posterior and midpoint

Most posterior and midpoint

Most posterior point

Most posterior and midpoint

Most posterior point, determined superoinferiorly by
the other two slices

Most anterior point

Uppermost and midpoint

Most anterior point

Lowest point

Most mesial point of the
mesiodistal width
Most uppest of the
mesiodistal width
Most mesial point of the
mesiodistal width
Most lowest point of the
mesiodistal width
Midpoint determined
anteroposteriorly by the
other two slices cortes

Most anterior and mesial
point
Most central point

Uppest point
Uppest point
Lowest point
Most posterior point

Most posterior point

greater reproducibility being found in the projections
from CBCT than from LCR, although there were no
clinically significant results.23 It has also been observed
that the RaySum projection is more reproducible than
the MIP and that either projection could replace LCR,
thus making LCRs unnecessary when a CBCT has
previously been undertaken on a patient.15,21–23
However, for frontal projections, other authors found
statistically significant differences, as they saw that the

Midpoint determined
anteroposteriorly by the
other two slices

Most anterior and mesial
point
Most central point
Most anterior and midpoint

Most anterior and midpoint

positioning of the patient’s head24 influenced the
measurement.
Other studies concluded that in order to adjust the
location of cephalometric landmarks, slices were more
accurate than the 3D view provided, because 3D
projection did not represent real surfaces.14 Nevertheless, these results differed from those of other studies
that found linear measurements undertaken directly on
3D images to be more accurate.25
Angle Orthodontist, Vol 81, No 5, 2011

Downloaded from http://meridian.allenpress.com/doi/pdf/10.2319/121210-717.1 by guest on 08 July 2020

Uppermost and midpoint
of the external right roof
of the auditory meatus
Pogonion (Pg)
Most anterior point of the
mandibular symphysis
Gnathion (Gn)
Most anteroinferior point
of the mandibular
symphysis
Menton (Me)
Lowest point of the
mandibular symphysis
Anterior nasal spine (Ans) Most anterior point of
the maxillary process
in the nasal floor region
Posterior nasal spine (Pns) Most posterior and
midpoint of the palatine
bone contour
Right gonion (Gor)
Most posterior point of the
posterior edge of the right
branch. Bisection of the
tangents of the posterior
edge of the branch and
the lower body
Right orbital (Orr)
Most anterosuperior point
of the infraorbital margin
of the right orbital
Incisal edge of upper right Lowest point of the incisal
central incisor (UIr)
edge of the UIr
Apical root of upper right
Uppest point of the apical
central incisor (UIrroot)
root of the UIrroot
Incisal edge of lower right Uppest point of the incisal
central incisor (LIr)
edge of the LIr
Apical root of lower right
Lowest point of the root
central incisor (LIrroot)
of the LIrroot
Point A (A)
Most posterior point of
the maxillar curvature,
between the anterior
nasal spine and the
supradental point
Point B (B)
Most posterior point of the
anterior surface of the
mandibular symphysis

Most posterior and
lowest point

Coronal or Frontal View
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Table 1b. Description of Angular and Linear Measurements Used in This Study
Angular measurements

Linear measurements

SNA
SNB
NS-Palatal plane
NS-Mandibular plane
Interincisal angle
Upper incisor-NS
Tweed angle
Facial cone
Cranial deflexion
Facial depth
Na-Me
Na-Ans
Ans-Me

Spain and InVivo5 Anatomage, San Jose, Ca) when
taking those measurements.
MATERIALS AND METHODS
The sample was distributed as follows: four women
and four men between the ages of 8 and 30 years old.
Mean (6SD) age 5 15.55 6 6.25 years old.
Eight patients were selected. Those patients had
undergone both an LCR and a CBCT before treatment
and within 3 months of each other. The CBCTs had

Figure 1. Location of the cephalometric landmarks in the Beta NemoCeph 3DH software package.
Angle Orthodontist, Vol 81, No 5, 2011
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As there are few studies that compare the cephalometric values obtained from LCR with those from 3D
projection of CBCT, and as we wanted to determine
the compatibility of different CBCTs in common
cephalometric analyses, the aims of our study were,
first, to check whether the angular and linear measurements of 3D reconstructions obtained from a
CBCT are equal to those of 2D images obtained from
the LCR, and second, to check whether there are
differences between two CBCT software packages
(Beta Nemoceph 3D, Software Nemotec, SL, Madrid,

Angle between point S, point Na, and point A
Angle between point S, point Na, and point B
Angle between Na-S line and Ans-Pns line
Angle between Na-S line and Gor-Gn line
Angle between UIrroot-UIr line and Lir-Llrroot line
Angle between Na-S line and UIrroot-UIr line
Angle between Gor-Gn line and LIr-LIrroot line
Angle between Na-Pg line and Gor-Gn line
Angle between Na-Ba line and Orr-Por line
Angle between Na-Pg line and Orr-Por line
Length between point Na and point Me
Length between point Na and point Ans
Length between point Ena and point Me
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been taken because some of these patients were
going to undergo orthognathic surgery and the others
presented with inclusions of maxillary canines.
The LCRs were taken using a cephalostat Orthophos
Plus DS (Sirona Dental Systems GmbH, Germany) with
a radiation time of 16 seconds for an exposure time of
0.4 seconds, the tube voltage being 73 kV and the
intensity 15 mAs, whereas the CBCTs were taken using
i-CAT equipment (Imaging Sciences International,
Hatfield, Pa) that generates a total of 326 slices, with
an image matrix size of 400 3 400 in medium-quality
and high-resolution mode. The field of view (FOV) used
was the portrait mode, which gathers data in extended

FOV mode and covers the full skull of 170 mm in height
3 230 mm in diameter with a scanning time of
8.9 seconds. Voxel size was 0.4 3 0.4 3 0.4 mm, the
tube voltage being 120 kV and the intensity 23.87 mAs.
The size of the data files created is 35 megabytes.
To carry out this study, 17 cephalometric landmarks
were located. These are described from the three
spatial planes in Table 1a. Then, 10 angular and 3
linear measurements were taken (Table 1b).
The LCRs were digitalized using a conventional
scanner-type HP Scan Jet II Cx/T (Hewlett Packard
Development Company LP, Palo Alto, Ca), and the
location of the landmarks was measured using the

Figure 3. Comparison between the three methods. Means of all values provided.
Angle Orthodontist, Vol 81, No 5, 2011
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Figure 2. Location of the cephalometric landmarks in the InVivo5H software package.
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Table 2. Intraobserver Reliability Between the First and Second Measurement*
LCR
Measurement
SNA
SNB
NS-Palatal plane
NS-Mandibular plane
Interincisal angle
Upper Incisor-NS
Tweed angle
Facial cone
Cranial deflexion
Facial depth
Na-Me
Na-Ans
Ans-Me

Mean6SD
83.36
80.68
7.53
31.98
133.10
100.80
92.51
65.43
29.84
91.36
114.70
51.18
66.36

6
6
6
6
6
6
6
6
6
6
6
6
6

5.24
6.91
6.25
6.62
9.24
8.27
8.93
6.34
2.35
5.15
8.16
3.13
6.79

CBCT (NemoCeph 3D)

1st–2nd
Measurement

P value of
the Mean

0.990
0.994
0.939
0.983
0.940
0.915
0.953
0.983
0.509
0.872
0.989
0.802
0.915

.782
.697
.822
.013*
.479
.497
.281
.022*
.547
.542
.598
.519
.679

Mean6SD
83.08
80.29
7.02
32.57
134.51
100.8
91.92
64.81
30
90.73
115.21
50.36
67.08

6
6
6
6
6
6
6
6
6
6
6
6
6

4.22
6.07
6.20
6.35
1.34
8.95
8.02
5.69
2.30
5.32
0.56
3.69
6.70

1st–2nd
Measurement

P value of
the Mean

0.932
0.979
0.976
0.951
0.987
0.969
0.953
0.979
0.985
0.976
0.997
0.972
0.997

.314
.450
.198
.322
.637
.184
.703
.190
.783
.586
.263
.003*
.340

Nemotec Dental Studio NX program (Software Nemotec SL, Madrid, Spain).
The raw data and slices obtained from the CBCTs
were imported to two different software packages
where 3D reconstruction was undertaken. Location of
the cephalometric landmarks for each of the two CBCT
software packages was undertaken by creating different types of projections (multiplanar reconstruction,
RaySum, MIP) on the sagittal, coronal, and axial views
and to the volumetric reconstruction (3D).
First, to fine-tune the location of points using the Beta
NemoCeph 3D software (Software Nemotec SL, Madrid,
Spain), two windows were created for the sagittal view
and another two for the coronal or frontal view, which,
moreover, can be enlarged to full screen using the
zoom. By doing so, we can simultaneously observe the
right and left sides or have two projections of the same
side open for the sagittal view, or, for the coronal view,
have two different projections open at the same time
(Figure 1). To locate each landmark, the slice of the
most appropriate plane was selected before fitting it onto
the other planes for greater accuracy.
Second, to locate landmarks using the InVivo5
software (Anatomage, San Jose, Calif), the program
allows one to view either a part or the whole skull by
navigating across the slices so as to choose the most
appropriate one for locating each point (Figure 2).
All measurements were undertaken by a single
observer previously trained and qualified in the location
of cephalometric landmarks and with six years of
experience/background in orthodontics. The measurements were taken on two different occasions with an
interval of one week between the first and second
measurements so as to measure the intraobserver error.
All variables and measurements were introduced
onto a version 12.0 Excel spreadsheet (Microsoft
Corp, Redmond, Wa) and then analyzed using version
Angle Orthodontist, Vol 81, No 5, 2011

17.0 of the statistics package SPSS for Windows (IBM
Corp, Somers, NY). To calculate the reproducibility of
each of the systems used, a t-test was undertaken for
related samples. To determine reliability of the different
types of systems, a repeated measurement analysis of
variance was undertaken using a variance factor, by
means of Scheffé’s adjustment for multiple comparisons, through the means obtained from the first and
second observations for that purpose. Differences
were considered significant at P , .05.
RESULTS
The results obtained from this study are shown in
Tables 2 and 3 and in Figure 3.
Table 2 shows the intraobserver reproducibility
between the first and second measurement for each
of the methods. In the measurements taken on the
LCR, a statistically significant difference can be
observed in the angle of the mandibular plane, where
the maximum difference between the two measurements (first and second) was determined as being
3.60u ([3.60 4 31.98] * 100 5 11.25), which means an
error of 11.25%, as well as in the facial cone, with a
maximum difference of 3.60u ([3.60 4 65.43] * 100 5
5.5), which means an error of 5.5%. In the measurements taken with the Beta NemoCeph 3D, a difference was found for the Na-Ans distance, with a
maximum difference between measurements of
2.5 mm ([2.5 4 51.18] * 100 5 5), which means 5%
of error in that measurement. Lastly, in the measurements taken with InVivo5, a statistically significant
difference was found for the facial cone (maximum
difference: 3.48u; [3.48 4 66.15] * 100 5 5.3), which
means 5.3% of error, and for the Ans-Me distance
(maximum difference: 5.78; [5.78 4 65.46] * 100 5 8.8),
which means an error of 8.8%.
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* Statistically significant difference ay P # .05.
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Table 2. Extended
CBCT (InVivo5)
Mean6SD
82.10
79.49
8.08
33.71
131.80
101.70
92.37
66.15
30.17
89.02
115.70
51.95
65.46

6
6
6
6
6
6
6
6
6
6
6
6
6

33.90
5.87
7.31
5.76
10.51
8.63
8.85
6.17
1.37
4.60
11.38
4.17
6.92

1st–2nd
Measurement

P value of
the Mean

0.881
0.964
0.990
0.935
0.899
0.955
0.863
0.976
0.796
0.498
0.995
0.681
0.960

.625
.723
.292
.087
.943
.425
.200
.037*
.076
.115
.055
.695
.028*

DISCUSSION
Each of the 13 variables used in this study were
measured on the LCR and on the 3D reconstruction of
each CBCT using the two software packages (Beta
NemoCeph 3D and InVivo5) in order to compare their
reproducibility and the statistically significant differences between each of the methods for the measurements analyzed.
To determine the reproducibility of the measurements and the intraobserver error, a single observer
repeated all the measurements on a second occasion.
We consider that it is sufficient to do so twice, as
additional measurements do not provide any relevant
additional information.26 Moreover, the possible systematic errors made by an observer will always be the
same for the three methods. If the measurements of
more observers are combined, they may lead to errors
when it comes to evaluating the real variability of the
measurements.26
In general, reproducibility between the first and the
second measurement, both for the linear and angular
measurements, was high for all three methods, with
correlation indices of intraclass correlation . 0.86 in all
cases except for cranial deflection and the Na-Ans
distance on the LCR and InVivo5 and for facial depth
with the InVivo5 software package.
The only statistically significant differences found
were between the first and second measurement for
the SNa-mandibular plane angle and for the facial
cone measured on the LCR, for the Na-Ena distance
measured using the NemoCeph 3D software package,

and for the facial cone and Ans-Me distance using the
InVivo5 software package.
For these measurements, a systematic error rather
than a random one was found between the first and
second measurements providing greater values for
one measurement than the other. For this reason
those measurements appear with statistically significant differences. However, in all cases the relative
error determined from the maximum discrepancy has
not exceeded the method error, as all the measurements taken would fall within method variability
(obtained by dividing the standard deviation [SD]
between the mean of each value).
On analyzing the correlations of each of the
variables for the three methods, no angular or linear
measurement was found with a statistically significant
difference using the three techniques, although we
have observed that facial depth presents the worst
correlation between the three variables (between LCR
and InVivo and between Beta NemoCeph 3D and
InVivo5), which implies that there is a greater
difference between the values of this measurement
in the three methods.
In contrast to our results, Van Vlijmen et al.27 found
statistically significant differences in several measurements that were measured on the LCR and on the
CBCT; for example, the SNa-mandibular plane angle
and the SNB angle. However, as in our study, the
difference between most of the measurements was
less than the SD, confirming that that difference was
not clinically significant, although reproducibility of the
measurements on the LCR was higher than in the 3D
reconstructions. In the cases in which a 2D line and 3D
plane were used for undertaking a measurement, they
observed that there may be a clinically relevant
difference, so 3D tracings would not be recommendable for undertaking longitudinal studies where pretreatment records had been recorded in 2D. However,
measurements undertaken on a single patient who has
3D records would be of use for comparing pre- and
posttreatment changes or changes due to growth. In
another study28 by the same authors, which compared
2D and 3D frontal views, clinically relevant differences
were found for both types of measurement. In a third
study,26 the same authors compared measurements
between two types of CBCT (Iluma Imtech, Ardmore,
OK and iCAT, Imaging Sciences International, Inc,
Hatfield, Pa), concluding that the measurement reproducibility of 3D reconstructions in Iluma was higher
than in the i-CAT, finding, in addition, statistically
significant differences between several angular measurements, although only two of them presented
clinically relevant differences.
Yitschaky et al.29 compared angular, linear, and ratio
measurements between the LCR and CT and did not
Angle Orthodontist, Vol 81, No 5, 2011
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Table 3 shows the correlations between the three
types of methods, and the correlations between the
three methods are high. Only the facial cone (between
LCR and InVivo5) presented lower values.
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Table 3. Multiple Comparisons Using the Scheffé Method
Measurement

(I)
LCR

SNB

NemoCeph 3D
LCR

NS-Palatal plane

NemoCeph 3D
LCR

NS-Mandibular plane

NemoCeph 3D
LCR

Interincisal angle

NemoCeph 3D
LCR

Uppre incisor-NS

NemoCeph 3D
LCR

Tweed angle

NemoCeph 3D
LCR

Facial cone

NemoCeph 3D
LCR

Cranial deflexion

NemoCeph 3D
LCR

Facial depth

NemoCeph 3D
LCR

Na-Me

NemoCeph 3D
LCR

Na-Ans

NemoCeph 3D
LCR

Ans-Me

NemoCeph 3D
LCR
NemoCeph 3D

NemoCeph
InVivo5
InVivo5
NemoCeph
InVivo5
InVivo5
NemoCeph
InVivo5
InVivo5
NemoCeph
InVivo5
InVivo5
NemoCeph
InVivo5
InVivo5
NemoCeph
InVivo5
InVivo5
NemoCeph
InVivo5
InVivo5
NemoCeph
InVivo5
InVivo5
NemoCeph
InVivo5
InVivo5
NemoCeph
InVivo5
InVivo5
NemoCeph
InVivo5
InVivo5
NemoCeph
InVivo5
InVivo5
NemoCeph
InVivo5
InVivo5

3D

3D

3D

3D

3D

3D

3D

3D

3D

3D

3D

3D

3D

Difference of the
Mean (I–J)

Error

Significance*

0.27500
1.22375
0.94875
0.38125
1.18000
0.79875
0.51250
20.54875
21.06125
20.59375
21.73000
21.13625
21.46250
1.27750
2.74000
0.06875
20.90000
20.96875
0.58750
0.14125
20.44625
0.62500
20.72250
21.34750
20.16250
20.33375
20.17125
0.62500
2.34125
1.71625
20.48125
20.98125
20.50000
0.81250
20.77000
21.58250
20.71875
0.89250
1.61125

2.24546
2.24546
2.24546
3.14926
3.14926
3.14926
3.30267
3.30267
3.30267
3.12667
3.12667
3.12667
5.19933
5.19933
5.19933
4.31088
4.31088
4.31088
4.30435
4.30435
4.30435
3.03655
3.03655
3.03655
1.02769
1.02769
1.02769
2.51701
2.51701
2.51701
5.06312
5.06312
5.06312
1.84284
1.84284
1.84284
3.40104
3.40104
3.40104

.993
.863
.915
.993
.932
.968
.988
.986
.950
.982
.859
.936
.961
.970
.871
1.000
.978
.975
.991
.999
.995
.979
.972
.907
.988
.949
.986
.970
.654
.795
.995
.981
.995
.908
.917
.696
.978
.966
.894

* Significance between three systems: LCR, NemoCeph 3D (CBCT), and InVivo5 (CBCT).

find statistically significant differences, except in some
measurements, such as the Witts appraisal, or in
others that included the Sella point (because of the
differences in their location between both records). As
our results, they did not find statistically significant
differences for either the Na-Me or Ans-Me distances,
concluding that it is possible to use most of the
values previously established in 2D for measuring 3D
records, as the differences between both systems
were small.
Other authors have also compared angular measurements between LCR and CT.30 They found only
statistically significant differences in 2 of the 14
measurement that they carried out, upper incisor-Na
and upper incisor-NS. However, in our study, we did
not find such difference for the upper incisor-NS angle.
They found, as we did, differences that were not
Angle Orthodontist, Vol 81, No 5, 2011

statistically significant for SNA, SNB, NS-palatal plane,
and Tweed angle. They concluded that 3D angular
cephalometric analysis was a fairly reliable method,
like the traditional 2D cephalometric analysis, and that
it was also more suitable for the diagnosis of cases
with complex orthodontic anomalies. Currently, it could
also be a suitable alternative method to 2D cephalometry with the decrease in radiation exposure and costs
in the future.
To carry out this study, records of patients who had
already undergone both an LCR and a CBCT for
various reasons were used. Other studies have used
dry skulls to undertake the measurements, as patient
irradiation is not justified unless strictly necessary.
However, and despite the fact that certain studies state
that soft tissues distort the measurements,26 it is
necessary to undertake them with all the tissues
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(J)
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included in order to be able to check more accurately
and to get as close as possible to the daily clinical
reality as far as measuring patients is concerned. The
drawback of carrying out a study of these characteristics is that irradiating actual patients for this purpose
is not justified and therefore the sample in our study
was restricted to only eight patients.
CONCLUSIONS
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