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ABSTRACT: The objective of this study was to compare the discrepancy in conventional cephalometric
tracing and digital cephalometric tracing in lateral skull radiographs, with 3 angular and 3 linear
measurements. We used 24 digital lateral skull radiographs of patients from the Universidad Latina
de Costa Rica, taken with the Kodak 8000C Digital Panoramic and Cephalometric System, for the
computerized tracing the radiographs were passed directly to the Planmeca Romexis® software, and the
same radiographs were printed for the manual tracing. A comparison between the manual tracing and
the Planmeca Romexis® software measurements showed statistically significant differences (p<0,05)
of 4 measurements between the two systems. It is evident that the cephalometric tracing with the
Planmeca Romexis® software is more reliable than the manual tracing due to the data obtained in this
research.

KEYWORDS: Digital radiography; Cephalometry; Anatomic landmarks; Digital technology; Software;
Diagnostic errors.
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RESUMEN: El objetivo de este estudio fue comparar la discrepancia en trazado cefalométrico convencional
y trazado cefalométrico digital en radiografias laterales de craneo, con 3 mediciones angulares y 3
lineales. Se utilizaron 24 radiografias digitales de lateral de craneo de pacientes de la Universidad Latina
de Costa Rica, tomadas con el aparato Kodak 8000C Digital Panoramic and Cephalometric System,
para el trazado computarizado se paso directamente la radiografia al software Planmeca Romexis®,
las mismas radiografias fueron impresas para el trazado manual. A la comparacion entre el trazado
realizado manualmente y las medidas del programa Planmeza Romexis® se encontraron diferencias
estadisticamente significativas(p<0,05) de 4 mediciones entre los dos sistemas. Se evidencia que el
trazado cefalométrico con el software Planmeca Romexis® es mas confiable que el trazado manual por
los datos arrojados en esta investigacion.

PALABRAS CLAVE: Radiografia digital; Cefalometria; Puntos anatomicos de referencia; Tecnologia digital;

Software; Errores diagndsticos.

INTRODUCTION

Cephalometry arises from anthropometry
and craniometry.

The term Cephalometry, which comes from
the Greek words "Kephale", meaning head and
"metron”, which means measure, is a set of proce-
dures for measuring the head, and describing and
quantifying the structures involved in malocclu-
sion, such as bones, teeth and soft tissues (1).

The principle of cephalometric analysis is to
compare the patient with a normal reference group
in order to detect any differences between the
patient's dentofacial relationships and those that
would be expected in his or her ethnic or racial

group (2).

In this way, the horizontal and vertical
relationships of the five functional components of
the face are studied: the skull, the cranial base,
maxilla, mandible, dentition and the upper and
lower alveolar processes, to obtain a description

of the relationships. In addition, it also studies
craniofacial growth patterns, assesses dentofacial
proportions, deciphers anatomical bases of maloc-
clusion and predicts the changes that the patient
will experience (3).

On November 8, 1895, Professor Wilhelm
Conrad Roentgen accidentally discovered X-rays.
This discovery initiated the development of
orthodontic measurement methods: cephalometric
radiography. A great advantage of this study is that
it allowed the craniometric measurement of living
individuals, so that their growth and development
could be studied. It was also possible to observe
the bony structures through the soft tissues that
cover them so that their relationship could be
studied (4).

Holly Broadbent in 1931 introduced the techni-
que of cephalometric radiography, with the purpose
of obtaining angular and linear measurements. These
measurements have been studied in order to obtain
figures that serve as a parameter of normality for
the diagnosis of dento-maxillary anomalies.
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From these discoveries, different cephalo-
metric analyses began to be developed, each time
more complete and nowadays essential. Steiner,
Ricketts, Downs, are a few of these (4).

Cephalometric radiographs are two-dimen-
sional images that represent a three-dimensional
structure. They are used to evaluate the relations-
hip of the teeth to the jaws, and of the jaws to the
rest of the facial skeleton (5). Several components
such as an X-ray source, an adjustable cephalos-
tat, a radiographic film holder with intensifying
screens and a holder for the holder are essential
to obtain it (5).

Rino et al. (6) point out that some factors that
may impair the image are radiographic distortion,
radiographic magnification, and errors in the delimi-
tation of points and cephalometric measurements.

Cephalometric tracing is performed manua-
lly, with acetate paper, which is placed on the
lateral skull radiograph. The cephalometric points
are marked and the cephalometric planes and
angles are traced (7).

This method can be very time consuming
and still subject to errors. According to Prakash,
these are some of the errors:

Incorrect identification of anatomical
landmarks due to human error or fatigue factor.

Errors arising from performing several
analyses on the same acetate sheet, which may
overlap landmarks and planes.

Inexperience of the dentist in locating a point.

Govindrao (8) writes that X-ray exposure can
cause the image to have less than ideal contrast
or density, making it impossible to visualize the
dots correctly.

Erkan et al. indicate that the technical errors
in measurement using ruler and protractor, when
measuring distance or obtaining angles, is so
small that it demands great millimeter precision.

The points are marked and traced with a
pencil, whose tip thickness may interfere with the
exact measurement (9).

The constant technological advances in the
computer area have allowed the development of
computer programs designed to perform cephalo-
metric tracings and measurements. Digital tracing
has slowly replaced manual tracing (10).

Erkan et al. emphasize that the objective of
using the digital system is to reduce the margin
of error of measurements in cephalometric analysis,
especially when evaluating its reproducibility and with
the aim of considerably reducing the working time.

Computer-assisted cephalometric tracing
requires the acquisition of a lateral digital radio-
graphic image of the skull; the image is then
transferred to a software.

There are 2 ways of digital tracing. In the first
one, the clinician marks the cephalometric points,
while in the second one, the anatomical points are
placed by the algorithm of the digital system.

The literature mentions that in program-
assisted cephalometric tracing, angles and distan-
ces are automatically calculated to eliminate
errors in the drawing of lines between reference
points and in measurements with a protractor (9).

Prakash points out that before performing
a digital cephalometric analysis, the calibration of
the radiograph should be performed, since these,
which are shown on the screen, do not provide the
image in real size. Hence, this is the first step in
a digital cephalometric analysis. This step can be
done in two ways, the first one is done by matching
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the image with the actual measurements of the
distance between two points, i.e., the scale of the
20mm ruler appears on the screen as 14mm, with
the calibration, the scale of the 14mm ruler will
alter the ruler to 20mm. The second way is using
the dots per inch (DPI) value of the image; in this
method, the image size is calibrated by distribu-
ting DPI to the original image size.

Digitizing a cephalogram without calibration
would introduce significant measurement errors (7).

Additionally, when the analog radiograph
is scanned for a digital cephalometric tracing, it
may introduce additional magnification or reduc-
tion errors of the scan. This cephalogram must be
calibrated for both magnification, one of deflecting
the X-ray beam, and the scanning process.

It should be scanned with a visible 100mm
scale ruler; calibration is performed by plotting
two points of known length on the ruler (7).

The Planmeca Romexis® software platform
includes modules and tools for a wide range of
dental specialties.

The Planmeca Romexis® Cephalometric
Analiysis software module is the tool for perfor-
ming cephalometric analysis, surgical planning
and 2D treatment follow-ups. The software offers
advantages such as automatic cephalometric
tracing in seconds, versatile overlays for treatment
follow-ups, and precision surgical simulation (18).

Retrieved from: https://www.planmeca.com/

MATERIALS AND METHODS

A sample of 24 lateral skull radiographs
obtained by the Kodak 8000C Digital Panoramic
and Cephalometric System from patients of the
Universidad Latina de Costa Rica was used. These
were subjected to Steiner and Ricketts cephalo-

metric tracing manually on a negatoscope and
with Grafix Cephalometric Tracing acetate, using
a 0.5mm lead pencil marking only the necessary
anatomical points (Figure 1). Subsequently, the
same radiographs were subjected to the Steiner
and Ricketts cephalometric tracing in a computeri-
zed manner, using Planmeca Romexis® 6.0.1.812
software (Figure 2).

The calibration of both the digital image and
the hard copy was based on the measurement of a
known distance between two points.

Once the results of both cephalometric
tracings were obtained, the differences of the
linear and angular measurements were taken. Six
measurements were calculated: cephalometric
angle SN-Mandibular Plane, ANB, 1-SN and the
linear distance of 1-NB, NB-Pog, L.i/Pn-Dt.

The results were obtained by quantitative
observation based on a table and analyzed with
the t-student statistical test.

Figure 1. Manual cephalometric tracing.
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MEASUREMENT NORMAL VALUE VALUE DIFFERENCE AS
Cranial Base Evaluation
Cranial defiection
Ant. Cranial Length 33 NA
Post. Cranial Length 22 NA
Face Typology
Total Facial Height
Facial Taper
Mandible Growth Direction
Facial axis
Lower Facial Height
Mandible Shape
Mandibular are 18 NA
TMa » NA
Corpus Axis 0 N/A
Posteror Facal Heght Pl NA
Skelletal Relations
Convexity 4 N/A
A-N-Ba
Maxiliary Depth
Facal Depth a3 NA
Dental Condition
Upger 6 to PTV 7 NA
Lower 6 to PTV L] NA
Interincisal angle
Upger 1 to Lips Embeasure 3 NA
Lower 1 Extrusion 0 -1
Lower 1 to A-Po
Lower 1 1o A-Po angle n 9
Aesthetic
Li/E-lne 3 N/A

Figure 2. Steiner and Ricketts cephalometric tracing in a compu-
terized manner.

RESULTS

The averages of each of the variables measu-
red with the digital and manual techniques were
the following, respectively: SN-PI Mandibular angle
33.96° (SD=4.14°) and 35.83° (SD=3.99°, ANB
angle 4.38° (SD=2.28° and 3.92° (SD=1.999),
1-SN angle 100.83° (SD=7.12° and 102.88°
(SD=6.75°%. On the other hand, the distances
measured with the digital technique and the
manual technique were the following, respecti-
vely: Distance 1-NB 2.92 mm (SD=1.41 mm) and
4.63 mm (SD=2.66 mm), distance NB-Pog -0.25
mm (SD: 0.98 mm) and 0.50 mm (SD: 1.18 mm),
distance Li/ Pn-Dt -0.88 mm (SD: 1.87 mm) and
1.75 (SD: 3.19 mm).

In all the measures found, there is a signi-

ficance of less than 0.05, except for the ANB and
1-SN angles (Table ).

Table 1. Results table.

Digital Average Manual Signifi-
Average cance t
(Student):
p
SN-PI 33.96 35.83 0.020
Mandibular (SD:4.144) (SD: 3.996)
Angle
ANB Angle 4.38 3.92 0.229
(SD: 2.281) (SD: 1.998)
1-SN Angle 100.83 102.88 0.062
(SD:7.112) (SD: 6.752)
Distance 2.92 4.63 0.000
1-NB (SD: 1.412) (SD: 2.667)
Distance -0.25 0.5 0.033
NB-Pog (SD: 0.989) (SD: 1.180)
Distance -0.88 1.75 0.017
Li/Pn-Dt (SD: 1.872) (SD: 3.193)
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DISCUSSION

In this study, in the 6 measures found, there
is a significant difference; p<0.05, with the excep-
tion of the ANB and 1-SN angles.

Collins et al. (11) found that the angular
measurements they studied were not significantly
different, but the linear measurements were.

Albarakati et al. (12) observed significant
differences between the two methods in most
angular and linear measurements, except for ANB
angle (p=0.5), convexity angle (p=0.09), anterior
skull base (p=0.3) and lower anterior facial height
(p=0.6). Contrary to us, they found significant
differences in 1-SN.

Other authors such as Esteva S. et al. (13)
in 2014 did not find significant differences in their
measurements. We agree on the non-significance
with them as well as Farooq and collaborators (14)
in ANB and what is similar to what was observed
by (12) Albarakati et al.

Farooq et al., in their study to evaluate and
compare the accuracy and reliability of cephalome-
tric measurements between both systems, digital
and conventional, found statistically significant
differences in the U1-NA angle and the interincisal
angle, where the values are higher in the manual
tracking compared to digital (14).

Polat-Ozsoy et al. (15) found significant
differences between the two methods for SNB,
Wits, Cd-A, Cd-Gn, FMA, SN-PP, U1-NA (mm),
U1-FH and congruent to our investigation: L1- NB
(mm), and Li - esthetic plane.

In 2009, Naoumova and Lindman (16), found
that most of the landmarks that tended to be less
reliable corresponded to soft tissue landmarks,

which is proven in this study by a statistical diffe-
rence in the Li/Pn-Dt measure.

In Pellicer's research (17) in 2014, several
types of software were used, and he concluded
that cephalometric measurements have different
significant results depending on the cephalo-
metric points that conform them. He evaluated
that those employing points located on the lower
incisors and chin had the highest number of
significant results in the study. Specifically, the
cephalometric points "incisal edge and apex of
the lower incisor" with the Ortomed program and
the cephalometric point "chin" with the Dolphin
program had the highest incidence.

CONCLUSIONS

It is evident that cephalometric tracing with
Planmeca Romexis® software is more reliable than
manual tracing according to the data obtained in
this research. It should be noted that digital cepha-
lometry has advantages such as storage capacity,
better clarity to visualize anatomical structures,
greater speed and several cephalograms quickly
among others, while conventional cephalometry
has as its main disadvantage measurement errors
by the operator. It is also important to mention that
the cost of acquiring the software is a high inves-
tment; for this research, Planmeca Romexis®
provided a demo for a limited time for study, but
some versions of digital cephalometry can also be
found free of charge or as low-cost applications.

Nowadays, digitalization is becoming incre-
asingly important in our practice as dentists
because it facilitates processes, allows innovation
and precision in treatments and diagnoses.

The authors of this study declare that they

have no conflict of interest and that this study was
financed with their own funds.
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