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Automatic cephalometric
analysis: is it time

to switchto a

hands-free method?
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Aim: To evaluate the reliability of the automatic cephalometric
analysis in relation to the semi-automatic method. Methods:
Fifty lateral cephalometric radiographs were selected and
two dental surgeons performed the Steiner and Tweed
analyses independently using the semi-automatic method
on the Radiocef Studio 2® software suite (Radiomemory,
Belo Horizonte, MG, Brazil), and the automatic method on
the Kodak Dental Imaging Software (Carestream Health,
Rochester, NY, USA). After thirty days, 30% of the sample was
re-evaluated to assess intra-observer agreement. Ten angular
and linear measurements of both analyses were selected,
averaged for both observers and compared using Student’s
ttest with a significance level of 5% (a=0.05). Intra and
inter-observer agreement were assessed through Intraclass
Correlation Coefficient. Results: Intra-observer reproducibility
was excellent for all measurements and inter-observer
reproducibility was excellent for most of them. Significant
differences (p<0.05) were found between automatic and
semi-automatic methods for all measurements. Most
of the measurements were significantly higher (p<0.05)
with the automatic method. Conclusion: Semi-automatic
cephalometric analysis can not be replaced with a completely
automatic method.
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Introduction

Lateral cephalometric radiography is a diagnostic imaging method routinely used to
study craniofacial growth changes of an individual. This technigue helps the profes-
sional to determine the diagnosis, treatment plan and prognosis of a patient based
on a cephalometric analysis and, together with physical examination, represents an
essential condition for the success of orthodontic and/or surgical treatment’.

A reliable cephalometric analysis is produced after the identification of anatomi-
cal landmarks, which must be recognized and marked accurately on the cephalo-
metric radiograph. Commonly, using a specific software, an observer subjectively
indicates the landmarks and a tracing is automatically produced (semi-automatic
method); however, considering the inherent superimposition of structures in
radiographic exams, some difficulties are faced for the precise identification®.
Inaccurate identification of such landmarks may lead 1o misinterpretation and
inadequate treatment®.

Software applications have been developed with the purpose of identifying ceph-
alometric landmarks automatically using a built-in tool to identify cephalometric
landmarks, generate cephalograms, and carry out observer-independent analyses
(automatic method)*. Among the advantages of automatic method in relation to the
semi-automatic method, the reduction of the working time and the expectation for
more precise cephalometric tracing are the most important. However, several auto-
matic software applications available on the market have demonstrated to be unable
1o accurately determine cephalometric landmarks, which could affect orthodontic
planning when combined with clinical examination and model analysis®. Thus, the aim
of this study was to evaluate the relizhility of the automatic cephalometric analysis in
relation to the semi-automatic method.

Materials and methods

Ethical aspects and selection criteria

The present study was performed after the approval of the local Research Ethics
Committee (protocol# 949.939). An informed consent form was obtained from all the
participants of the study.

Fifty lateral cephalometric radiographs were selected from patients of both sexes,
aged between 18 to 30 years, who had permanent dentition. Exclusion criteria
included the absence of any tooth, except for third molars, assesgsed through pan-
oramic radiography.

Image acquisiton

The same technician obtained the lateral cephalometric radiographs using the Kodak
9000C 3D digital extraoral imaging system (Carestream Health, Rochester, NY, USA)
with an accessory arm for cephalometric image acquisition. All patients were in max-
imum habitual intercuspation, with the Frankfurt horizontal plane parallel to the hor-
izontal plane and the midsagittal plane perpendicular to the horizontal plane, con-
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firmed with the concentric superimposition of the olives. The X-ray exposure settings
were adjusted based on the patient body type but could range between 78-82 kVp
and 10-12mA for 0.5 seconds. The images obtained were exported and stored digi-
1ally as TIFF files at a resolution of 200 dpi.

Image assessment

Two dental surgeons with experience in cephalometric analysis (an oral radiologist
and an orthodontist) performed the Steiner and Tweed analyses independently using
the semi-automatic method on the Radiocef Studio 2@ software suite (Radiomemory,
Belo Horizonte, MG, Brazil), and the automatic method on the Kodak Dental Imag-
ing Software (KDIS® - Carestream Health, Rochester, NY, USA), which is the native
software of the imaging system. It is worth mentioning that the observers were not
allowed to subjectively correct the location of the landmarks automatically deter-
mined on the KDIS software. After thirty days, 30% of the sample was re-evaluated to
assess intra-observer agreement.

Eleven cephalometric landmarks were selected from the Steiner and Tweed analy-
ses, as follows: Sella (S), Nasion (N), A-point or subspinale (A), B-point or supramen-
tale (B), Pogonion (Pg), Gonion (Go), Gnathion (Gn), Porion (PoR), Orbitale (Or), Inci-
sor superior (Is) and Incisor inferior (li). Then, ten angular and linear measurements
were listed to compare the automatic and semi-automatic methods, as follows:
SNA, SNB, 1-NA, 1-NB, 1.NB, Pg-NB, SN.GoGn, FMA, FMIA, IMPA. These measure-
ments were selected for being the most frequent among cephalometric analyzes.
Figure 1 illustrates both the semi-automatic (Fig. 1A) and automatic (Fig. 1B) ceph-
alometric analyses. Attention should be given to the superimposed tracings over
the structures between methods as, for instance, the base of the mandible, which
directly affects the Gonion landmark.

Statistical analysis

The angular and linear measurements obtained from both landmark selection meth-
ods were tabulated and compared using Student's t-test. Intra and inter-observer
agreement was assessed through Intraclass Correlation Coefficient (ICC). All statisti-
cal analyzes were performed using the BioEstat 5.0 statistical software (Belem, Para,
Brazil) with a significance level of 5% (a=0.05).

RESULTS

ICC was interpreted according to the Cichetti® categorization system where <0.40 is
a poor agreement, 0.40—0.59 a fair agreement, 0.60-0.74 a good agreement, and
0.75-1 an excellent agreement. The intra-observer reproducibility ranged from good
1o excellent for both observers, except for the 1-NA and Pg-NB, which revealed poor
reproducibility, as exposed in table 1. Regarding the inter-observer reproducibil-
ity, it was excellent for most of the measurements, except for the 1-NA and Pg-NB,
as shown in table 2.

Table 3 shows significant differences (p<0.05) that were found between automatic and
semi-automatic methods for all measurements. Most of the measurements were sig-
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Table 1. Intraclass Correlation Coefficient (ICC) for intra-examiner agreement and reproducibility level

Reproducibility Reproducibility

Measurements ICC Examiner 1 Level ICC Examiner 2 Level
SNA (%) 0.8748 Excellent 0.8847 Excellent
SNB () 0.9493 Excellent 0.9524 Excellent
1.NB (%) 0.8117 Excellent 0.8306 Excellent
SN-GoGn (%) 0.9185 Excellent 0.9884 Excellent
FMA (%) 0.9002 Excellent 0.7236 Good
FMIA (%) 0.8898 Excellent 0.6683 Good
IMPA (%) 0.8470 Excellent 0.8131 Excellent
T-NA (mim) 0.2575 Poor 0.7194 Good
1-NB (mm) 0.8866 Excellent 0.8132 Excellent
Pg-NB (mm) 0.3799 Poor 0.7481 Good

Table 2. Intraclass Correlation Coefficient (ICC) for inter-examiner agreement and reproducibility level

Measurements ICC Reproducibility Level
SNA (%) 0.8509 Excellent
SNB (*) 0.8741 Excellent
1.NB (%) 0.8395 Excellent
SN-GoGn (%) 0.8133 Excellent
FMA (%) 0.9111 Excellent
FMIA (%) 0.8383 Excellent
IMPA (%) 0.806 Excellent
T-NA (mim) 0.3633 Poor
1-NB (mm) 0.8885 Excellent
Pg-NB (mm) 0.2562 Poor

Table 3. Mean values (standard deviation) of the angular (in degree) and linear (in millimeter) measurements
using the automatic and semi-automatic methods, followed by difference of means and p-value.

Tracing Method

Difference of
Measurements p-value
Automatic Semi-automatic means
SNA (°) 82 57 (2.89) 80.82 (3.34) 1.76 0.0007*
SNE(°) 78.65 (4.70) 77.39 (3.50) 1.30 0.0262
1.NB (°) 29.64 (6.78) 27.73 (7.05) 1.91 0.0110*
SN.GoGn (°) 32.04 (4.54) 33.60 (6.77) 1.56 0.0071
FMA (°) 28.76 (4.92) 24.52 (6.04) 4.24 <0.0001*
FMIA (°) 53.94 (8.80) 61.15 (8.55) 7.21 <0.0001*
IMPA (°) 96.32 (6.66) 94.33 (7.42) 1.98 0.0270
1-NA (mm) 4.28 (2.24) 5.87 (1.95) 1.60 <0.0001*
1-NB (mm) 5.72 (2.60) 6.37 (2.70) 0.64 0.0008*
Pg-NB (mm) 1.54 (0.85) 1.20 (1.42) 0.35 0.0069*
*p<0.05
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nificantly higher (p<0.05) with the automatic method in relation to the semi-automatic
method, except for 1-NA, 1-NB, SN.GoGn and FMIA.

DISCUSSION

Considering the importance of radiographic-based cephalometric analysis in the diag-
nostic process and treatment plan in orthodontics, this study proposed to compare
two different tracing methods: automatic and semi-automatic. The most frequent
angular and linear measurements used in cephalometric analyses were obtained
from Steiner and Tweed analyses and, interestingly, significant statistical differences
were found in all measurements for both tracing methods, which demonstrates that
automatic and semi-automatic methods led to different cutcomes. Previous scientific
studies on this topic and with similar objectives to the present study revealed the lack
of criteria regarding the choice of the ideal cephalometric landmark to be tested™ 2.
In the current methodology, most of the chosen landmarks were of easy locating to
avoid the bias of possible interference of inaccurate values when comparing both
automatic and semi-automatic methods.

Some authors state that the automatic method presents good reliability because it
behaved similarly to the semi-automatic mode performed by two dentists; however,
it was not disclosed on those studies whether the observers could subjectively adjust
the location of the landmarks generated using the automatic method?3'2. The cur-
rent methodology did not include any possibility of subjective adjugtment in the auto-
matic tracing method for considering that this would exclude the benefit it presents in
relation to the semi-automatic method. This can justify all the significant differences
we found between both methods. It is important to emphasize that the automatic
method allows the observer to have a good estimation of the position of the anatom-
ical landmarks necessary for radiographic-based cephalometric analysis, which can
be refined by the clinician, possibly reducing waorking time and improving the repro-
ducibility#*'*. However, this statement is controversial, since, for same professionals,
adjusting the location of automatic-identified landmarks can be more laborious than
marking it correctly once using the semi-automatic method. Figure 1B clearly shows
that the Gonion (the most inferior and posterior point on the mandibular angle) is not
in its most appropriate location.

Otherwise, this study revealed good and excellent intra-observer agreement for most
of the measurements according to Cichette®, which demonstrates that the observers
produced reliable measurements, even of some landmarks of intermediate complex-
ity of identification, such as nasion, porion, orbitale, and gonion®'3. The inter-observer
evaluation showed that most of the measurements presented an excellent correla-
tion, except for the 1.NA and Pg-NB measurements. Nevertheless, out of a total of ten
measurements, only two of them did not show good correlation. This can possibly
indicate that the location of the N (nasion) landmark is more difficult’.

Ferreira e Telles' demonstrated that the angular measurement SN.GoGn did not
change significantly between manual and semi-automatic methods, even considering
that it makes use of the N (nasion) landmark, which has a difficult location according
to the authors. The same measurement presented significant difference in the present
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Figure 1. Radiographic-based cephalometric analysis: A, semi-automatic method; B, automatic method.

study. This can be possibly explained by the fact that in the first study, the researchers
compared the manual method with the semi-automatic method, both performed by
the same observers and, in this study, the cbservers could only directly interfere with
the semi-automatic method. In the study conducted by Codari et al.% the Go (Gonian)
landmark was considered to be of hard identification and this was attributed o a pos-
sibly greater anatomical variability of the mandibular angle.

The Frankfurt horizontal plane, used to obtain the FMA and FMIA measurements, orig-
inates from the upper margin of the auditory meatus (Pario) to the inferior border of
the orbit (Orbital), which, on the lateral cephalometric radiograph, has the disadvan-
tage of being more vulnerable to distortions and facial asymmetries3'®. In the study
of Hutton et al.”?, the Porio landmark was located with reduced accuracy. This infor-
mation can explain the greatest difference of means observed for FMA and FMIA
between both tracing methods (Table 3).

Observing the difference of means found for SNA, SNB, 1-NA, 1.NB, FMA, and FMIA
measurements, it can be noted that the cephalometric method can have serious clin-
ical implications'. For instance, the value found for FMA using the automatic and
semi-automatic methods were 28.76° and 24.52°, respectively. This variation could
clearly alter the orthodontic treatment plan, especially with respect to the evaluation
of the total discrepancy that combines the cephalometric discrepancy to the model
discrepancy, and helps the orthodantist to decide whether tooth extraction is needed
or not. Itis worth mentioning that for this therapeutic decision, in addition to obtaining
the total discrepancy resulting from the sum of the cephalometric discrepancy and
the model discrepancy, there is a need for an evaluation of the facial profile and type,
stability of the triangle of Tweed, and also the depth of the Spee's curve’.

It is well known that diagnosis in orthodontics for appropriate elaboration of treat-
ment plan is composed of anamnesis, clinical examination, radiographic and pho-
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tographic assessment, and study of models. Thus, any technological approach
that can be developed and employed to facilitate and systematize this process is
extremely relevant.

Currently, some studies have developed CBCT software applications for cephalomet-
ric analysis because this technigue presents images without overlaps, distortions and
magnifications’®, In 20718, Neelapu et al.”® revealed that CBCT-based cephalometric
analysis is reliable and with an acceptable mean error. In the same year, Montdfar
et al.® demonstrated high accuracy of new software for 3D automatic cephalomet-
ric analysis. They further stated that this was a significant advance from 2D analy-
sis. However, since 2009, Chien et al.? concluded that both 2D and 3D methods are
clinically comparable. Therefare, considering radiological protection aspects for both
adult and pediatric patients, the most appropriate technigue is the 20?2,

Considering the limitations of the current methodology, semi-automatic cephalo-
metric analysis cannot be replaced with a completely automatic methad. Further
studies to assess the impact of subjective adjustment of automatic methods
are recommended.
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