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Abstract
Objective The purpose of this study was to identify the variation of bi-dimensional cephalometric measurements following 
real head rotation.
Material and methods Thirty cone beam–computed tomography (CBCT) head films were oriented according to three axes: 
horizontal Frankfort plane, transverse bi-orbital plane, and Opisthion-Nasion median plane. Axial rotation of 2°, 4°, 6°, and 
8° from the Odontoïdale point were performed. Horizontal and vertical linear and angular measurements were studied on 
lateral cephalograms derived from each rotation T0, T2, T4, T6, and T8. A paired t-test was applied to compare the measure-
ments between T0 and each rotational angle.
Results Of the 18 measurements, 55% showed statistically significant differences (P < 0.05) and 22% showed clinically 
significant differences, mostly at T6 and T8. Horizontal linear measurements Ba-A and N-Ba decreased, and vertical linear 
measurement G-Sn increased gradually, as the angle of head rotation increased. Angular measurements studied did not vary.
Conclusions Head malpositions during X-ray acquisition should be avoided and rotated lateral CBCT cephalograms should 
be corrected and recentered to prevent any variation in linear measurements.

Keywords Cone beam–computed tomography · Axial rotation · Lateral cephalograms · CBCT

Introduction

Cephalometric analyses are an essential diagnostic tool for 
orthodontic and ortho-surgical treatments and precision 
in cephalometric measurements is considered essential in 
research studies. These cephalometric analyses contain 
measurements based on landmarks whose location depends 
on head orientation.

The study of reference points and cephalometric meas-
urements variations following different orientations of 
dry skulls was the subject of several researches on lateral 
cephalograms between the years 1993 and 2016. [1, 11] Tng 
et al. [1] were the first to question the cephalometric varia-
tions as a result of change in head orientation. By varying 
the Frankfort plane of 30 Chinese skulls by ± 30° from the 
horizontal, they found that skull modification upwards and 
downwards, produced significant differences for SNA, SNB, 
and SNPog angles. El Hayeck et al. [6] studied the varia-
tions of these sagittal angular measurements, SNA, SNB, 
and SNPog according to two different orientations: Natural 
head position and Frankfort anatomic plane, and no signifi-
cant difference was found.

In order to ameliorate orthodontic treatment planning 
when additional information is needed, the use of three-
dimensional imaging has increased during the last years. 
Cevidanes et al. [7] performed a retrospective study on cone 
beam–computed tomographies (CBCT) of 12 patients, to 
determine the reliability and systematic differences using 
two orientations: the visual axis to simulate natural head 
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position, and intracranial reference planes. Significant dif-
ferences were found between the two orientations for some 
angular and linear measurements, which may affect the diag-
nosis and the orthodontic treatment plan.

The head moves around three axes: horizontal, axial, 
and vertical. These movements are called: pitch, yaw, and 
roll.11,12 Yaw movement and the variations of cephalomet-
ric measurements have interested some authors [2, 5]. They 
used a rotational axis connecting the center of both ear rods 
of the cephalostat, which does not represent the real axis of 
head rotation [2, 5]. The axial rotation has been described 
in functional anatomy as the axis passing by the odontoid 
process of the second cervical vertebrae [13, 14].

The combination of measurement variations with the 
real head movement according to functional anatomy is not 
yet studied. No study on cephalometric variations has been 
made considering measurable and precise variations of head 
orientations on CBCT images.

The purpose of this study was to determine the effect of 
yaw movement and real head rotation on two dimensional 
cephalometric measurements using CBCT.

Materials and methods

Sample selection

The 30 CBCT of the study subjects were obtained from the 
review of clinical records, taken for different purposes. The 
selection criterions were adults between 18 and 35 years old 

without craniofacial deformity or facial asymmetry or had 
undergone any maxillofacial surgery or facial trauma. The 
quality of radiographs was controlled and chosen without 
kinetic artifacts.

Facial symmetry was verified on the posteroanterior 
cephalometric radiograph, using the perpendicular to the 
bi-orbital plane passing through crista-galli point, as an axis 
of symmetry.

Methods

The CBCT scans have been acquired using a Kodak 9500 
Cone Beam 3D System. (Care stream Health, Inc., Roches-
ter, New York, USA) and according to the following techni-
cal specifications: Field of view (FOV) 206 mm × 184 mm, 
voxel size: 0.3 × 0.3 × 0.3mm3, tube voltage: 60–90 kvp, 
tube current: 2-15 mA, frequency: 140 kHz, scanning time: 
10.80 s. The focal spot size of the tube was 0.7 mm and the 
reconstruction time of one CBCT scan was 2 min. 20 s.

The 30 CBCT were initially taken in a standing position.

Head repositioning

3D scans were reoriented according to three axes:

• Horizontal axis in sagittal view: The anatomical Frank-
fort horizontal plane defined bilaterally by porion and 
orbitale skeletal landmarks (Fig. 1).

• Transverse axis in frontal view: The transorbital plane 
defined bilaterally by orbital skeletal landmarks (Fig. 2).

Fig. 1  Horizontal axis in 
sagittal view. The Frankfort 
horizontal plane

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



2749Clinical Oral Investigations (2023) 27:2747–2761 

1 3

• Median axis in axial view: The midsagittal plane 
defined by opisthion, the intermaxillary suture and 
Nasion point (Fig. 3). To verify its crossing through the 
Nasion point, the horizontal plane parallel to Frankfort 
plane was moved on the sagittal view in order to pass 
through Nasion point (Fig. 4). We verified the passage 

of the median axis through Nasion at 1.5 mm cut on the 
axial view (Fig. 5).

In sagittal, frontal, and axial views, the volume of the 
head was rotated until the Frankfort and transorbital planes 

Fig. 2  Transverse axis in frontal 
view: The transorbital plane

Fig. 3  Median axis in axial 
view. The midsagittal plane
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were oriented horizontally, and the midsagittal plane was 
oriented vertically.

The data obtained after repositioning the head volume 
along the three axes were saved in a DICOM universal 
format. The 2D cephalograms obtained at this stage were 
named TR.

Axial rotation

Before axial rotation was performed, a millimetric ruler was 
introduced on the radiographs TR or T0 in order to be able 
to perform the linear measurements on Dolphin imaging 
software.

TR repositioning was followed by modifications in the 
axial view of each subject, which was initially oriented 
along the midsagittal plane (Opisthion – Nasion). Odon-
toïdal point: the most superior point of the odontoid pro-
cess was chosen as the point of intersection of the two 
axes: the midsagittal plane and the transversal plane. This 
point was chosen to reproduce the natural rotation of the 
head, which is normally done around the odontoid process 
of the axis.

In order to locate this point in the axial view, the sagittal 
Frankfort horizontal axis was moved on the sagittal view to 
meet the top of the odontoid process (Fig. 6). Navigation at 

Fig. 4  The sagittal plane at the 
Nasion point

Fig. 5  Verification of median 
plane passing by Nasion point
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the different sections in axial view was performed to locate 
the most superior point of the odontoid process (Fig. 7).

The heads were rotated 2°, 4°, 6°, and 8° from the odon-
toid point, to the right side of the screen (Fig. 8). New lateral 
cephalograms T0, T2, T4, T6, and T8 were obtained for each 
position (Figs. 9, 10, 11, 12, 13).

Measurements

T0, T2, T4, T6, and T8 cephalograms were transferred to 
Dolphin Imaging software (Dolphin Imaging and Manage-
ment Solutions, Chatsworth, California, USA).

The tracings were executed by the observer (EH), having 
19 years’ experience in cephalometrics. Lateral structures 
were drawn by tracing the middle of the duplication after 
rotation.

The landmarks used in this study are defined in Table 1.
Skeletal and soft tissue measurements of the most com-

monly used cephalometric analyses were performed, includ-
ing angular and linear measurements that are divided into 
vertical and horizontal.

Horizontal linear skeletal measurements were chosen 
grouping:

Fig. 6  The sagittal plane at the 
level of the odontoid process

Fig. 7  Navigation at differ-
ent axial sections to locate the 
Odontoid point
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• A midpoint located near the center of rotation and 
another point on the periphery: Ba-A, Ba-Pog, and N-Ba.

• A midpoint and a lateral point: GoGn.

• A midpoint of the profile and another point resulting 
from the projection on a vertical line: A-Na Perp. and 
Pog-Na Perp.

Fig. 8  Head rotation

Fig. 9  Lateral cephalogram T0
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Fig. 10  Lateral cephalogram T2

Fig. 11  Lateral cephalogram T4

Fig. 12  Lateral cephalogram T6
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Angular skeletal measurements were chosen grouping:

• Angles having as reference a median plane: SNA, SNB, 
and SNPog.

• Angles having as reference a plane passing through two 
lateral points, such as the Frankfort plane: FH-NA and 
FH-NPog.

Cephalometric measurements used in this study:

– Sagittal angular skeletal measurements: FH-NA, FH-
NPog, ANB, SNA, SNB, and SNPog.

– Vertical angular skeletal measurement: FMA.
– Horizontal linear skeletal measurements: Ba-A, Ba-Pog, 

A-NPog, A-Na Perp., Pog-Na Perp., N-Ba, and Go-Gn.

– Vertical linear measurement: N-Me.
– Angular soft tissue measurement: Col-Sn-UL.
– Horizontal linear soft tissue measurement: Sn-G.
– Vertical linear soft tissue measurement: G-Sn.

Cephalograms T0, T2, T4, T6, and T8 of 10 sub-
jects were randomly selected. These cephalograms were 
retraced once again 1 month later. All landmarks were 
relocated, and measures were repeated by the first observer 
(E.H), in order to test intra-observer variance.

Cephalograms T0, T2, T4, T6, and T8 of 12 subjects 
were randomly selected and retraced by a second observer 
(N.N), having 10 years’ experience in cephalometrics. 
Eight of 11 skeletal landmarks were relocated: Porion, 
Orbitale, Nasion, A point, B point, Pogonion, Menton, and 

Fig. 13  Lateral cephalogram T8

Table 1  Landmark definitions

Landmarks Definitions

Nasion (N) Craniometric point where the midsagittal plane intersects the most anterior point of the nasofrontal suture
Sella turcica (S) The center of the sella turcica
Skeletal porion (Po) The highest point on the skeletal external auditory meatus
Basion (Ba) The most inferior point on the anterior margin of the foramen magnum in the midsagittal plane
Orbitale (Or) The lowest point on the lower margin of each orbit
Point A Deepest point on the curve of the bone between the anterior nasal spine and dental alveolus
Point B Deepest midline point on the mandible between infradentale and pogonion
Pogonion (Pog) Most anterior point on the symphysis of the mandible
Menton (Me) Most inferior point on the symphysis of the mandible
Gnathion (Gn) The midpoint between the most anterior and inferior points of the symphysis
Gonion (Go) The equidistant point between the most posterior and the most inferior points on the mandibular angle
Soft tissue Glabella (G) The most anterior soft tissue point in the midsagittal plane of the forehead
Columella (Cm) The most anterior and inferior point of the nose
Subnasale (Sn) Point at which the base of the nose meets the upper lip
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Gonion. These are among the most commonly used points. 
4 corresponding measures were remeasured, in order to 
estimate the inter-observer variance in localizing the land-
marks. These measures included facial angle, ANB, FMA, 
and anterior facial height.

Statistical analysis

Statistical analysis was performed using Minitab Software V 
21.1. Variables were studied using means ± standard devia-
tions. The sample normality was verified by the ANOVA—
one-way test. Paired t-test was used to compare the patients’ 
measurements from 0° to each rotational angle T2, T4, T6, 
and T8. Intra- and inter-observer variances were evaluated 
using the Attribute Agreement Analysis. The inter-observer 
variance was assessed using the Bland–Altman Plots test. 
P < 0.05 was considered statistically significant.

Results

Table 2 resumes the mean variations of measurements 
after head rotation.

Comparisons of measurements between T0 and T2, T4, 
T6, and T8 are presented in Table 3.

Table 2  Mean variations and standard deviations of measurements 
after rotation

Measurements T0 T2 T4 T6 T8

Skeletal angular measurements
FH-NA(°) Mean
SD

90.9 90.5 90.5 90.7 90.5
3.0 3.0 2.8 2.8 2.6

FH-NPog(°) Mean
SD

88.8 88.6 88.6 88.9 88.6
3.4 3.5 3.6 3.6 3.6

ANB Mean
SD

3.2 2.9 3.0 2.9 2.9
2.2 2.1 2.2 2.3 2.2

FMA(MP-FH)(°) Mean
SD

24.4 24.4 24.4 23.9 24.2
5.2 4.9 4.9 5.0 4.8

SNA(°) Mean
SD

81.0 80.8 81.2 80.9 81.1
4.7 4.5 4.1 3.8 4.4

SNB(°) Mean
SD

77.8 77.9 78.2 78.0 78.1
4.9 4.7 4.6 4.4 4.8

SNPog(°) Mean
SD

78.8 79.0 79.3 79.1 79.3
5.0 4.8 4.6 4.5 5.0

Skeletal horizontal linear measurements
Ba-A(mm) Mean
SD

91.4 90.8 90.6 90.2 88.9
5.7 5.0 5.2 5.7 5.3

Ba-Pog(mm) Mean
SD

107.4 107.2 107.2 106.9 106.3
7.2 7.1 7.7 7.2 7.2

A-NPog(mm) Mean
SD

2.2 1.9 2.0 1.9 1.8
2.6 2.5 2.5 2.6 2.5

A-NaPerp(mm) Mean
SD

0.9 0.5 0.5 0.7 0.4
3.1 3.1 2.8 2.9 2.7

Pog-NaPerp(mm) Mean
SD

-2.5 -2.7 -2.7 -2.2 -2.6
6.9 7.0 7.1 7.2 7.0

N-Ba(mm) Mean
SD

103.6 103.0 102.3 101.8 100.5
5.8 5.4 5.9 6.6 6.3

Go-Gn(mm) Mean
SD

78.7 78.7 78.8 78.7 78.8
6.5 7.0 7.6 6.3 6.1

Skeletal vertical linear measurement
N-Me(mm) Mean
SD

131.2 131.1 131.2 130.9 130.7
9.8 10.0 10.2 10.0 9.9

Soft tissue angular measurement
Col-Sn-UL(°) Mean
SD

110.2 110.1 110.4 110.5 109.4
11.6 11.4 11.1 11.2 11.4

Soft tissue horizontal linear measurement
Sn-G(mm) Mean
SD

-8.9 -8.8 -8.6 -7.9 -7.8
4.5 4.4 4.1 5.2 4.3

Soft tissue vertical linear measurement
G-Sn(mm) Mean
SD

65.4 65.7 66.4 66.6 67.0
4.5 4.8 4.9 5.0 4.5

Table 3  Comparisons of measurements between initial position (T0) 
and different degrees of rotation (T2, T4, T6, and T8)

P˂0.05 is considered statistically significant

Measurements T0 vs T2 T0 vsT4 T0 vsT6 T0 vsT8
P value

Skeletal angular measurements

FH-NA (°) 0.048 0.155 0.243 0.047

FH-NPog (°) 0.444 0.397 0.525 0.554
ANB (°) 0.018 0.159 0.016 0.024
FMA (MP-FH) (°) 0.990 0.908 0.072 0.611
SNA (°) 0.572 0.635 0.935 0.714
SNB (°) 0.616 0.288 0.359 0.316
SNPog (°) 0.560 0.258 0.234 0.156
Skeletal horizontal linear measurements
Ba-A (mm) 0.069 0.036 0.012 0.000
Ba-Pog (mm) 0.525 0.613 0.173 0.005
A-NPog (mm) 0.029 0.095 0.003 0.010
A-Na Perp (mm) 0.048 0.140 0.231 0.045
Pog-Na Perp (mm) 0.523 0.573 0.301 0.725
N-Ba (mm) 0.035 0.007 0.002 0.000
Go-Gn (mm) 0.954 0.812 1.000 0.798
Skeletal vertical linear measurement
N-Me (mm) 0.715 0.856 0.342 0.027
Soft tissue angular 

measurement
Col-Sn-UL (°) 0.908 0.474 0.499 0.086
Soft tissue horizontal linear measurement
Sn-G (mm) 0.878 0.174 0.015 0.000
Soft tissue vertical linear measurement
G-Sn (mm) 0.362 0.012 0.003 0.000
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The results in Table 2 show that skeletal sagittal angular 
measurements FH-NPog, SNA, SNB, SNPog, and skeletal 
vertical angular measurement FMA, have no statistically 
significant differences between degrees of rotation and the 
initial head position. The only angular measurements with 
a statistically significant difference are FH-NA and ANB. 
Table 2 shows that angular variations are not clinically 
significant.

Skeletal horizontal linear measurements Ba-Pog, 
A-NPog, A-Na Perp., Ba-A, and N-Ba show statistically 
significant differences between angles of rotation and T0 
(Table  3). Table  1 shows a gradual clinical significant 
decrease of Ba-A and N-Ba measurements as the angle of 
head rotation increases. The skeletal vertical linear measure-
ment N-Me shows a statistically significant difference at T8 
(Table 3).

Table 4  Inter-observer variance. Bland–Altman Plots to compare the measurements achieved by two observers

The average difference turns out to be -0.283 and the 95% 
confidence interval for the average difference is [-1.884, 
1.317].

The average difference turns out to be -0.358and the 95% 
confidence interval for the average difference is [-2.808, 2.092].

The average difference turns out to be -0.375 and the 
95% confidence interval for the average difference is [-
2.065, 1.315].

The average difference turns out to be 0.108 and the 95% 
confidence interval for the average difference is [-1.209, 1.426].

The average difference turns out to be -0.083 and the 95% 
confidence interval for the average difference is [-1.701, 
1.535].

The average difference turns out to be -0.2 and the 95% 
confidence interval for the average difference is [-1.704, 1.304].
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Table 3 indicates a statistically significant difference 
of the horizontal linear measurement Sn-G at T6 and T8, 
and the vertical linear measurement G-Sn at T4, T6, and 
T8. G-Sn increases gradually as the angle of head rotation 
increases (Table 2). Col-Sn-UL cutaneous angular meas-
urement shows no significant difference between angles of 
rotation.

The intraobserver agreement is strong for the FH-NPog, 
ANB, FMA, and N-Me measurements at different angles 
(P > 0.05).

The interobserver agreement is found strong for all meas-
urements. The average difference between measurements 
achieved by the two operators is shown in Table 4.

Table 4  (continued)

The average difference turns out to be -0.583 and the 95% 
confidence interval for the average difference is [-1.471, 
0.304].

The average difference turns out to be -0.192 and the 95% 
confidence interval for the average difference is [-1.553, 1.170].

The average difference turns out to be -0.025 and the 95% 
confidence interval for the average difference is [-1.349, 
1.299].

The average difference turns out to be -0.1 and the 95% 
confidence interval for the average difference is [-1.252, 1.052].

The average difference turns out to be 0.492 and the 95% 
confidence interval for the average difference is [-0.988, 
1.971].

The average difference turns out to be -0.675 and the 95% 
confidence interval for the average difference is [-3.381, 2.031].

-2

-1

0

1

2

0 2 4 6 8

nee
wteb

ecnereffiD
m

ea
su

re
m

en
ts

Average Measurements

ANB- Bland Altman Plot T2

-2

-1

0

1

2

0 2 4 6 8

Di
ffe

re
nc

e 
be

tw
ee

n 
m

ea
su

re
m

en
ts

Average Measurements

ANB- Bland Altman Plot T4

-1.5
-1

-0.5
0

0.5
1

1.5

-2 0 2 4 6 8

nee
wteb

ecnereffiD
m

ea
su

re
m

en
ts

Average Measurements

ANB- Bland Altman Plot T6

-1

0

1

2

-2 0 2 4 6 8

Di
ffe

re
nc

e 
be

tw
ee

n 
m

ea
su

re
m

en
ts

Average Measurements

ANB- Bland Altman Plot T8

-4

-2

0

2

4

6

0 50 100 150 200

nee
wteb

ecnereffiD
m

ea
su

re
m

en
ts

Average Measurements

MP-FH- Bland Altman Plot T0

-4

-2

0

2

4

6

0 50 100 150 200

Di
ffe

re
nc

e 
be

tw
ee

n 
m

ea
su

re
m

en
ts

Average Measurements

MP-FH- Bland Altman Plot T2

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



2758 Clinical Oral Investigations (2023) 27:2747–2761

1 3

Table 4  (continued)

The average difference turns out to be -0.083 and the 95% 
confidence interval for the average difference is [-3.115, 
2.948].

The average difference turns out to be -0.992 and the 95% 
confidence interval for the average difference is [-3.146, 1.163].

The average difference turns out to be -0.067 and the 95% 
confidence interval for the average difference is [-2.471, 
2.337].

The average difference turns out to be 0.583 and the 95% 
confidence interval for the average difference is [-4.333, 5.499].

The average difference turns out to be 1.184 and the 95% 
confidence interval for the average difference is [-3.695, 
3.695].

The average difference turns out to be 0.292 and the 95% 
confidence interval for the average difference is [-4.764, 5.347].
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The average difference turns out to be 0.317 and the 95% 
confidence interval for the average difference is [-3.128, 
3.761].

The average difference turns out to be 0.733 and the 95% 
confidence interval for the average difference is [-3.471, 4.937].
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Discussion

The aim of this study was to determine the effect of yaw 
movement and real head rotation on two dimensional cepha-
lometric measurements using CBCT.

The center of rotation used in our study, to perform rota-
tion movement of the head, is defined by the most superior 
point of the odontoid process. This process located at the 
level of the axis vertebrae and articulating with the anterior 
arc of the atlas, has been described in functional anatomy, 
like an axis allowing the head’s rotation [13, 14]. Several 
studies conducted in order to study the variations of cepha-
lometric measurements following rotation movement used as 
rotational axis, on dry skulls, the axis passing through both 
ear rods [2–5, 8]. But the displacement of the cephalometric 
reference points depends on the center of rotation and it is 
proportional to the distance between each reference point 
and the center of rotation according to the measure of arcs 
in geometry. It is important to use a center or axis of real 
anatomical rotation for better accuracy in point variations.

In our study, the landmarks were chosen at different rota-
tion angles, after simulating real head rotation. We tend 
to think that these landmarks may not be the same at real 
head rotation when taking the radiographs for the patient, 
as the radiation path is not the same, and this may affect the 
measurements. But we have to consider, during a CBCT 
scan, the X-ray tube and detector rotate along a circular 
trajectory. During the rotation, a cone-shaped X-ray beam 
results in several hundred 2D X-ray projections in all rotat-
ing directions.

Variations of linear measurements

Horizontal linear measures have been described in several 
studies as having the greatest variation following head rota-
tion [3, 5]. These studies used a radio-opaque material in 
their methodologies to locate initially the reference points 
on the skulls following therefore the displacement of these 
points with the rotating motion and thus the variation of 
cephalometric measures. These points do not vary deliber-
ately in their choice but vary with rotation. Their location on 
lateral cephalograms taken at different degrees of rotation is 
none other than their projection on the cephalogram’s plan.

Horizontal linear measurements having at their extremi-
ties the center of rotation or a point near the center of rota-
tion and another point that is deliberately unchanging; in 
this case, study of the linear variation is none other than the 
displacement of this point on the trigonometric circle and its 
projection on x-axis which is the cosine of the angle, which 
decreases with the increase of the angle. This is true if the 
X-ray beam is perpendicular to the object and the receiver 
screen.

Yoon et al. [3] found in their study on error projections 
of horizontal linear measurements following skull rotation, 
a difference according to the direction of rotation. The base 
of the skull length (S–N) and mandibular length decreased 
as the skulls turn towards the film plane. Similar results 
to those of Ahlqvist et al. [15]. They considered that the 
reduction is due in part to the rotation itself, and in the 
other, to the effect of the enlargement resulting from the 
rotation towards the film. However, their results are differ-
ent from those of Ahlqvist et al. for a rotation to the focal 
point [3, 15]. They found that the measurements increase 
then decrease following a rotation of 0° to 12° towards the 
focal point. This is explained by an increase in the projec-
tion enlargement following skull rotation towards the X-ray 
source, and a decrease in the projection after the rotation 
itself. According to Yoon, the length increases if the enlarge-
ment is greater, and decreases if the effect of rotational 
reduction is greater [3]. Ahlqvist et al. [15] found that a 
rotation to the film caused a decrease in the length of S–N, 
while a rotation towards the focal point caused an increase 
in this measurement. The reduction or increase of the pro-
jection by enlargement is none other than the effect of the 
angle that forms the incidence radius with the subject and 
the distance between subject and receiver screen.

In our study, rotations of the head were conducted in one 
direction to the right side of the head and the screen, using 
the lateral cephalograms derived from cone beam tomog-
raphy. These cephlometric images are accurate and with-
out enlargement according to the “ray–sum” method.15 We 
found that almost all linear measures are reduced and some 
measures do not vary between 0° and 8° (Tables 2, 3).

The landmarks used were not chosen in advance as in 
other studies. Reference points were selected for the first 
time at T0 and were spotted again on the cephalogram for 
each angle of head rotation. Considering that the chosen 
point on the cephalogram after rotation, by its definition, is 
not necessarily the same point selected on the initial cepha-
logram T0.

Ahlqvist et al. [15] found in their computer-based virtual 
cephalometric study, that the rotation of an object by 5° from 
its original position, led to errors in linear measurements of 
less than 1%, which may increase with increasing rotation.

Our study shows that horizontal linear measurements 
have many variations after head rotation. These variations 
are statistically significant for the measurements N-Ba 
and Ba-A from T2 and T4 respectively (Table 3). But they 
are considered clinically significant from T8 with respec-
tive decrease of 3.1° and 2.5° from the initial values at T0 
(Tables 2, 3). Although Ba-Pog is comparable to Ba-A and 
N-Ba, measurements that include the median point Ba which 
is close to the center of rotation and the points N, A, and Pog 
located on the periphery; Ba-Pog provides only a statistically 
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significant difference at T8. This can be explained by a less 
variation of the Pogonion point compared to points A and 
Nasion during rotation.

The vertical cutaneous measurement G-Sn is the only 
measure that increases during the rotation from 0° to 8° in 
our study. The difference is statistically significant from T2 
to T8 (Table 3), but it is clinically significant between T0 
and T8. The skeletal facial height measure N-Me shows a 
statistical significant difference between T0 and T8 but non-
significant clinically.

Variations of angular measurements

Tng et al.1 were the first to study the variations of landmarks 
and cephalometric measurements following head orienta-
tion change in pitch direction. They considered that meas-
urements depend on the location of landmarks, which are 
defined anatomically by head orientation. They found that 
skull rotation up or down and Frankfort plan modification 
relative to the horizontal produced significant differences 
for the angles SNA, SNB, and SNPog. [1] A study on the 
variations of the angles SNA, SNB, and SNPog following 
two different orientations in the sagittal plane showed that 
the difference is not significant [6].

Cevidanes et al. [7]. have studied changes in cephalomet-
ric measurements using some cephalograms deriving from 
CBCT, following different orientations in the sagittal plane. 
They found that 3 angular measures among 9 studied repre-
sent statistically significant differences.

Several studies take into account a fixed localization of 
reference points with the performed movement. The speci-
ficity of our study lie in determining the variation of certain 
angular and linear measurements, following a head rotation, 
and considering that reference point’s localization can vary 
with its orientation. Only the ANB and FH-NA angles pre-
sent statistically significant differences; however, they are 
not clinically significant (Table 3).

Studies conducted by Ahlqvist [3] and Yoon [17], using 
previously fixed landmarks, showed that angular values are 
almost invariable. Baumrind [18] considers that any malpo-
sition of the patient at the cephalostat produces a distortion 
for the linear and angular measurements. Even if the points 
are considered fixed in these studies, they undergo different 
displacements depending on the distance between each point 
and the rotation axis.

We studied the effect of pure rotation of the head on two-
dimensional cephalometric measurements. Using three-
dimensional MRI, Ishii et al. [19] studied the kinematics 
of the upper cervical region in rotation and found that this 
movement is associated with an intervertebral movement of 
extension at the atloido-occipital and atlanto-axial joints, 
and a lateral inclination movement in the direction opposite 
to the rotation of these two joints. Similar results were also 

found in other studies [20]. Even an inadequate position-
ing of the head, during conventional cephalogram or CBCT, 
may associate the three movements.

Conclusion

Considering the limitations of our study to examine the 
effect of rotational movement of the head on two-dimen-
sional cephalometric measurements using CBCT, we may 
conclude the following:

• Head rotation caused a decrease in N-Ba and Ba-A 
horizontal linear measurements, and an increase in the 
vertical measurement G-Sn. No variation of the angular 
measurements studied was observed.

• The inadequate positioning of the head while taking the 
X-ray should be avoided.

• For better accuracy in linear measurements, the CBCT-
rotated volume should be repositioned and corrected, 
before creating lateral cephalograms.
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