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Objective: The aim of this study was to review the reliability and reproducibility of 
3D-CBCT (cone beam computed tomography) cephalometric landmark identification. 

Methods: Electronic databases (Pubmed, Scopus, Web of Science) were searched for 
papers published from 1998 to October 2014. Specific strategies were developed for each 
database, with the guidance of a librarian. Two reviewers independently analyzed the 
titles and abstracts for inclusion. The articles that met the inclusion and exclusion criteria 
were selected for full-text reading, and the selected articles went through methodological 
quality evaluation. After the exclusion of repeated articles, the titles of the remaining ones 
were read and 1,328 of them were excluded. The abstracts of 173 articles were read, of 
which 43 were selected, read in full and submitted to the inclusion and exclusion criteria. 
Fourteen articles or studies with reliable methodology and reproducibility remained. The 
data were collected, organized into figures and analyzed for determination of the reliability 
and reproducibility of the three-dimensional cephalometric landmarks. Results: Overall, 
the landmarks on the median sagittal line and dental landmarks had the highest reliability, 
while the landmarks on the condyle, porion and the orbitale presented lower levels of 
reliability. Point S must be marked in the multiplanar views associated with visualization 
in 3D reconstruction. Further studies are necessary for evaluating soft tissue landmarks.

Keywords: Cone-beam computed tomography. Reproducibility of results. Cephalometry. 
Three-dimensional imaging.

INTRODUCTION

Traditional two-dimensional (2D) cephalograms 
are widely used. However, this method has been 
questioned due to its limitations, such as the 
generation of 2D images from three-dimensional 
(3D) structures, the superimposition of the right 
and left sides on the median sagittal plane, image 
enlargement and distortion, and the influence of 
head position during image acquisition23.

Cone-beam computed tomography (CBCT) 
has been described as the 3D method of choice 
for maxillofacial imaging due to the lower cost of 
the equipment and test, the reduction in radiation 
level in comparison with multi-slice computed 

tomography, high resolution for bones and teeth, 
and the possibility of obtaining the whole set 
of traditional orthodontic images in only one 
exposure14.

To maximize the advantages of the diagnostic 
power offered by CBCT, the development of 
3D cephalometric analyses requires adequate 
operational definitions of reference points in the 
three planes, and reliable reproducibility of their 
identification2,18,23. Thus, it would be possible to 
structure a 3D cephalometric analysis based on 
reliable and reproducible landmarks.

Nevertheless, the literature presents studies 
with different methodologies, using variable 
anatomic landmark definitions, and images 
generated and manipulated by various types of 
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equipment and software. Therefore, the aim of this 
study was to systematically review the reliability 
and reproducibility of 3D-CBCT cephalometric 
landmark identification and to determine the most 
frequently used anatomic references.

METHODS

The method for this systematic review was based 
on the PRISMA guidelines (www.prisma-statement.
org)17. The period for this search was limited from 
1998 to October 2014. Specific strategies have 
been developed for each database with a librarian 
(D.M.T.P.), irrespective of language. A detailed 

search was conducted in the following electronic 
databases: Medline/Pubmed, Scopus and Web of 
Science. Electronic searches were conducted to 
identify the methodological reliable and reproducible 
studies assessing three-dimensional cephalometric 
landmarks identification using CBCT.

The search strategy included appropriate 
changes in the keywords and followed the syntax 
rules of each database (Figure 1). Figure 2 outlines 
the population, exposure, comparisons, and 
outcomes (PECO format6,24) and the null hypothesis 
used for systematic reviews.

Two rev iewers (C.O.L.  and A.T.S.M.) 
independently analyzed the list of titles and 

Database Keywords Results 
 

Medline (http://
www.ncbi.nlm.nih.

gov/pubmed/) 

((((cephalometry[MeSH Terms]) OR cephalometry[Title/Abstract]) OR craniometry[Title/
Abstract]) OR anatomic landmark*[Title/Abstract]) AND ((((((((Reproducibility of 

Results[MeSH Terms]) OR Reproducibility of Results[Text Word]) OR Reliabili*[Text 
Word]) OR Validit*[Text Word]) OR Reproducibility of Findings[Text Word]) OR 

Accurac*[Text Word]) OR Intraclass correlation coeficient[Text Word]) OR Bland-
Altman[Text Word] AND ((“1998/01/01”[PDat] : “2013/12/31”[PDat]))) AND (((((((((Cone-

beam computed tomography[MeSH Terms]) OR Cone-beam computed tomography[Title/
Abstract]) OR Cone-Beam CAT Scan[Title/Abstract]) OR cone beam computerized 

tomography[Title/Abstract]) OR Volumetric computed tomography[Title/Abstract]) OR 
CBCT[Title/Abstract]) OR digital volume tomography[Title/Abstract]) OR DVT[Title/
Abstract]) OR (((((((Imaging, three-dimensional[MeSH Terms]) OR Imaging, three-

dimensional[Title/Abstract]) OR Imaging*[Title/Abstract]) OR three-dimensional[Title/
Abstract]) OR three dimensional image[Title/Abstract]) OR 3D imaging[Title/Abstract]) OR 

three-dimensional computer-assisted[Title/Abstract]))

579

Scopus 
(www.scopus.
com/home.url) 

(cephalometry OR craniometry OR 
“anatomiclandmark” OR landmark*) 

AND PUBYEAR > 1997) AND ((TITLE-ABS-KEY(“Cone-beam computed tomography” 
OR  “cone beam computerized tomography” OR”Volumetric computed tomography” OR 

cbct OR “digital volume tomography” OR dvt OR cone-beam OR cone*) ANDPUBYEAR > 
1997) OR (TITLE-ABS-KEY(“Imaging,three-dimensional” OR “three dimensional image” 
OR “3D imaging”OR “three-dimensional computer-assisted” OR three-dimesional) AND 

PUBYEAR > 1997)) 

943

Web of Science 
(http://apps.

webofknowledge.
com.ez24.

periodicos.capes.
gov.br) 

TS=(cephalometry) OR TS=(craniometry) OR TS=(anatomic landmark*)) AND Document 
Types=(Article) 

Refined by: Document Types=( ARTICLE ) , AND Topic=(Reproducibility) OR 
Topic=(Reliabili*) OR Topic=(Precision) OR Topic=(Validit*) OR Topic=(Accurac*) 
OR Topic=(Intraclass correlation coeficient) OR #2 Topic=(Reproducibility) OR 

Topic=(Reliabili*) OR Topic=(Precision) OR Topic=(Validit*) OR Topic=(Accurac*) OR 
Topic=(Intraclass correlation coeficient) OR Topic=(Bland-Altman) 

# 3  Topic=(Cone-beam computed tomography*) OR Topic=(Cone-Beam CAT Scan*) 
OR Topic=(cone beam computerized tomography*) OR Topic=(Volumetric computed 

tomography) OR Topic=(CBCT) OR Topic=(digital volume tomography) OR Topic=(DVT) 
# 4 Topic=(Imaging, three-dimensional*) OR Topic=(Imaging*[) OR Topic=(three-
dimensional) OR Topic=(three dimensional image) OR Topic=(3D imaging) OR 

Topic=(three-dimensional)  
#1 AND #2 AND (#3 OR #4)

270

Figure 1- Relationship between the databases and search strategies used and the total number of articles found
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abstracts for inclusion. All of the articles that were 
shown to be compatible and related to the research 
question (Figure 2) were reviewed. Disagreements 
between the reviewers were solved by means of a 
consensus meeting and, if appropriate, consultation 
with a third reviewer (A.F.J.M).

After reading the abstracts, the articles that 
met the following inclusion and exclusion criteria 
were read in full. The inclusion criteria were: 
methodological reliability and reproducibility 
studies, studies including three-dimensional 
images, studies including points comprising the 
maxillo-mandibular complex, studies using CBCT, 
and studies in humans or dry skulls without markers. 
The following studies were excluded: case reports, 
epidemiologic studies, narrative reviews, author 
opinion articles, studies that used only conventional 
radiographs or 2D images generated from CBCT, 
and studies in animals, synthetic samples and dried 
skulls with markers.

After the evaluation by the inclusion and 
exclusion criteria, a new selection was made by 
means of a methodological quality scoring process 
(Figure 3). The list applied to this study was adapted 

from methodological evaluations developed in 
previous study26.

The articles that satisfactorily fulfilled the 
methodological criteria received a maximum 
score. When there were two requirements for the 
maximum score, half the score was attributed to 
articles that partially fulfilled the criterion, while 
zero score was awarded for articles that did not 
meet the criterion.

Before evaluating the studies, the reviewers 
discussed all of the criteria for analyzing the 
articles so that there would be consensus about the 
contents. Each study was scored by the reviewers, 
and disagreements were resolved by discussions.

The methodological criteria were applied to 
the studies that were classified with the following 
scores: high (≥17), moderate (≥11 and ≤16) and 
low (≤10) methodological quality (Figure 4).

RESULTS

Figure 5 illustrates the PRISMA flow diagram of 
the search strategy performed and the number of 
studies selected at each stage.

P- Population  
 

Anatomic structures/details in cone-beam computed 
tomography

E – Exposure Cephalometric analysis

C – Comparison Among them

O - Outcome -Results Expected Greater degree of reliability and reproducibility

Question Are there more reliable and reproducible structures/details 
in tridimensional cephalometry?

Null Hypothesis There are no more reliable structures/details

Figure 2- PECO Format and null hypothesis

Points
A – Sample size calculation 1

B – Description of the criteria for inclusion/exclusion of the sample 1

C – Population description – gender and age 1

D – Number of evaluators who identified landmarks 1

E – Number of times landmarks were identified by each observer (minimum 2 sessions) 2

F – Adequate description of the landmarks in the three planes 2

G – Adequate description of the software tools 1

H – Adequate description of observer calibration 1

I – Method error 1

J – Statistical method – 1 point when 1 correlation test was used and 2 points when 2 tests were used4,5 2

K – Evaluation of the correlation for each landmark 2

L – Evaluation of the correlation for landmarks in each coordinate (x,y,z) 2

M – Conclusion in accordance with research objective 1

Figure 3- Methodological quality scoring protocol (maximum score: 18 points)

LISBOA  CO, MASTERSON  D, MOTTA  AFJ, MOTTA  AT
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The established search strategy identified 1,621 
articles. After excluding the repetitions, 1,501 
articles remained. After reading the titles, 1,328 

articles were excluded, as they were unrelated to 
the research. Many articles evaluated the height 
and thickness of the alveolar ridge, root resorption, 

Authors A B C D E F G H I J K L M Total Quality
Oliveira, et al.22 (2009) 0 1 1 1 2 2 1 1 1 1 2 2 1 16 Moderate

Lagravère, et al.11 (2009) 0 0 0 1 1 1 1 0 1 1 2 2 1 11 Moderate

Chien, et al.1 (2009) 0 1 0 1 2 1 1 1 1 1 2 1 1 12 Moderate

Ludlow, et al.15  (2009) 0 0 0 1 2 1 0 1 1 0 2 2 1 11 Moderate

Lagravere, et al.12 (2010) 1 0 0 1 0 0 1 1 1 1 2 2 1 13 Moderate

Hassan, et al.9 (2011) 0 1 1 1 2 1 1 0 1 0 2 1 1 12 Moderate

Medelnik, et al.16 (2011) 0 0 0 1 0 0 1 1 1 1 2 2 1 13 Moderate

Schlicher, et al.25 (2012) 0 1 1 1 2 1 1 1 1 0 2 2 1 14 Moderate

Frongia, et al.7 (2012) 0 1 1 1 2 2 1 0 1 0 0 0 1 11 Moderate

Zamora, et al.28 (2012) 0 1 1 1 2 2 1 1 1 0 2 2 1 15 Moderate

Katkar, et al.10 (2013) 1 1 1 1 1 0 1 1 1 0 2 0 1 14 Moderate

Fuyamada, et al.8 (2014) 0 1 1 1 2 2 1 0 1 0 2 0 1 12 Moderate

Neiva, et al.21 (2014) 0 1 1 1 2 0 1 1 1 1 2 2 1 13 Moderate

Naji, et al.20 (2014) 0 0 1 1 2 2 0 0 1 1 2 2 1 13 Moderate

Figure 4- Methodological quality scores of the selected articles

Figure 5- PRISMA flow diagram of the search results from the databases
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airways or osseointegrated implants.
The abstracts of 173 articles were read, of 

which 43 were selected and read in full. The 
inclusion and exclusion criteria were applied to the 
43 selected articles. The excluded articles did not 
identify landmarks comprising the entire face, were 
performed in animals, evaluated cephalometric 
measurements, used synthetic/artificial samples 

or only marked points in 2D. 
Fourteen articles1,7-12,15,16,20-22,25,28 fulfilled the 

inclusion and exclusion criteria and were evaluated 
for eligibility, according to the methodological 
quality evaluation (Figure 4). A summary of the 
information in the selected articles is illustrated in 
Figure 6.

A meta-analysis using the present results was 

Authors Sample Observers Repetitions Landmarks Equipment Software  Statistics Results

Oliveira, et 
al.22 (2009)

12 3 3 30 NewTom 3G Dolphin 
3D

ICC* In general, high reliability. Poor reliability: Right 
ramus (y axis), left and right condylion.

Lagravère, 
et al.11 
(2009)

24 5 1 observer 
5 times and 
4 observers 

1 time

44 NewTom 3G AMIRA ICC In general, high IA** and IE*** reliability, with the 
exception of the left and right auditory external 

meatus, and left and right orbit. 

Chien, et 
al.1 (2009)

10 6 2 27 i-CAT Dolphin 
3D

ICC Generally high IA and IE reproducibility. Errors 
greater than 1 mm: condylion and orbitale (x 

axis); gonion, midramus and ramus point in the 
y-direction.

Ludlow, et 
al.15 (2009)

20 5 4 25 NewTom 3G Dolphin 
3D

t-test Greater variation: anterior nasal spine (y axis), 
A, B, pogonion, soft pogonion (z axis), and 

condylon, porion, orbitale (x axis).

Lagravère, 
et al.12 
(2010)

10 3 1 observer 
3 times 
and 2 

observers1 
time

17 - AMIRA ICC IE and IA were high for most landmarks. Lower 
reliable landmarks: gonion, condylion, porion, 

anterior nasal spine, posterior nasal spine, 
mandibular incisor apex.

Hassan, et 
al.9 (2011)

10 11 4 22 NewTom 3G Dolphin 
3D

Dolphin 3D Largest imprecision in the porion point. IE 
reliability low for upper right molar and lower 

right molar.

Medelnik, 
et al.16 
(2011)

1 3 2 11 Accuitomo 
3D, 3D 

eXam, Pax 
Zenith and 
Pax Reve 

3D

VoXim Descriptive 
statistical 
analysis

Higher standard deviations: pogonion and 
gnathion (x axis). Lower standard deviations: 
genion, anterior nasal spine and infradentale.  

Schlicher, 
et al.25 

(2012)

19 9 3 32 Hitachi CB 
MercuRay

Dolphin 
3D

Pearson’s 
correlation 
coefficient

Sella turcica was the most consistent and 
precise landmark. The most inconsistent 
landmark was porion-right, and the most 

imprecise was orbitale-right.

Frongia, et 
al.7 (2012)

10 2 3 21 - Simplant 
OMS

Pearson’s 
correlation 
coefficient

Very high reliability and reproducibility if 3D 
cephalometric landmarks are defined in the 

three planes.

Zamora, et 
al.28 (2012)

15 2 3 41 i-CAT Beta 
Nemo 
Studio

Pearson’s 
correlation 
coefficient

High IA and IE reliability: nasion, sella, basion, 
left porion, A, anterior nasal spine, pogonion, 

gnation, menton, frontozygomatic sutures, first 
lower molars and upper and lower incisors.

Katkar, et 
al.10 (2013)

20 2 2 18 i-CAT and 
Galileos

Dolphin 
3D

Euclidean 
Distance

High reliability for both equipments. Gonion, 
condylion and posterior nasal spine were 

difficult to identify in 3D.

Fuyamada, 
et al.8 2014

10 10 2 9 Alphard 
VEGA 

VG Studio 
Max

Mann- 
Whitney U 

test

Upper-1, lower-1, left lower-6  and especially 
left upper-6 showed favorable reproducibility, as 

menton and gonion.

Neiva, et 
al.21 2014

12 3 2 30 i-CAT InVivo 
Dental 

5.1

ICC In general, the midsagittal plane landmarks 
showed higher reliability.  The landmarks on 

the condyle were the ones that showed lower 
reliability. 

Naji, et al.20 
(2014)

30 2 3 42 i-CAT AVIZO 7.0 ICC High reliability and reproducibility: mental and 
infraorbital foramina, inferior hamulus, dens 

axis, foramina transversarium of atlas, medial 
and lateral condyles, superior clinoid processes, 

and mid-clinoid.  

Figure 6- Description of the included studies

*ICC - Intraclass correlation coefficient
**IA - Intraexaminer
***IE - Interexaminer

LISBOA  CO, MASTERSON  D, MOTTA  AFJ, MOTTA  AT
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attempted with the Review Manager (Revman, 
Cochrane Collaboration) software. However, meta-
analysis was not possible due to the limitations 
related to the methodology of the studies and 
software features.

DISCUSSION

In spite of the rising use of CBCT in 3D 
cephalometry, there is still no established 
cephalometric analysis, especially based on 
cephalometric landmarks with a high level of 
reliability and reproducibility. Lou, et al.13 (2007) 
conducted a review similar to our study and 
concluded that there was a scarcity of studies 
and that further studies were necessary to 
determine the precision and reproducibility of the 
identification of the three-dimensional landmarks 
in the craniomaxillofacial region using cone-beam 
computed tomography.

In the present systematic review, a search was 
made for articles from 1998, the year in which 
CBCT was developed19; however, all of the articles 
selected were published in the last six years. It was 
possible to identify a satisfactory number of articles 
to determine the three-dimensional cephalometric 
landmarks with a greater degree of reproducibility 
and reliability.

Only four of the included articles8,9,11,20 did not 
perform calibration of the evaluators. There are 
constant errors in cephalometry, and to minimize 
these errors, the evaluators must be experienced 
and calibrated. According to Oliveira, et al.22 (2009), 
the selection of the best location of the landmarks 
in each coordinate requires time, calibration and 
careful evaluation.

Six of the articles1,11,12,20-22 included in this 
systematic review used the Intraclass Correlation 
Coefficient (ICC) as the statistical test. Ludlow, 
et al.15 (2009) used the paired t-test; however, 
according to a study4, the correlation coefficient 
t-value is inadequate for evaluating reliability and 
reproducibility because it compares the means of 
the results and not the values individually. According 
to recent studies4,5, the Bland-Altman statistical test 
is the most appropriate test for the comparisons of 
intra- and inter-observer reliability. Katkar, et al.10 
(2013) used the Euclidean distance, as the image 
was taken by two distinct tomographs and there 
was no standardization of the images in their study, 
which might lead to artificially high results.

The tomographs used in the articles included in 
this review were the NewTom 3G, i-CAT, Galileos, 
Accuitomo 3D, 3D eXam, Pax Zenith 3D, Pax Reve 
3D, Alphard VEGA and the Hitachi CB MercuRay. In 
a systematic review on the use of CBCT in the oral 
and maxillofacial regions, De Vos, Casselman and 
Swennen3 (2009) found a higher number of articles 

using the NewTom 9000. Based on the search 
and inclusion criteria of the present study, we did 
not find any article using the Newtom 9000, but 
Meldenik, et al.16 (2011) compared the Accuitomo 
3D with other equipments. Both Newtom 9000 
and Accuitomo 3D have a reduced field of view 
and are not ideal for the analysis of the whole 
craniomaxillofacial complex.

Katkar, et al.10 (2013) evaluated the reproducibility 
and reliability of cephalometric landmarks using the 
Galileos and i-CAT® tomographs, and concluded that 
excellent intra- and inter-observer reliability could 
be obtained using either equipment. There may be 
differences in the images obtained using different 
equipments, such as differences in contrast and 
resolution, which may influence the visualization 
and location of landmarks by the operator.

The Dolphin 3D software program was used in six 
articles1,9,10,15,22,25 included in this review. A  study27 
evaluated the precision in measurements of the 
airways using different softwares, and therefore was 
not included in this review. High reliability was found 
in all of the programs tested. However, Dolphin 3D 
software was shown to be more reliable than the 
other software. There is a scarcity of studies that 
compare the identification of three-dimensional 
cephalometric landmarks using different software.

Despite the fact that all of the studies examined 
the entire maxillomandibular complex and not only 
isolated regions, a great variability of landmarks 
was observed in the selected experiments. However, 
the majority of traditional 2D cephalometry 
reference points were evaluated, highlighting the 
possibility of three-dimensional evaluation of the 
left and right sides.

The classification of reliability based on the 
ICC values varied among the articles included. 
We did not find any fixed determination for ICC 
intervals; however, it was consistently stated that 
values closer to 1 had excellent reliability and 
reproducibility.

The sella point was evaluated in ten of the 
included articles7,9-12,15,21,22,25,28 with variable 
reliability. Neiva, et al.21 (2014) showed acceptable 
reliability in 3D reconstruction and poor reliability 
in the MPR views. Studies9,25,28 showed that the 
identification of this point presented a high level 
of reliability when MPR imaging associated with 
3D image reconstruction was used. Because it is a 
point without defined surface anatomic orientation, 
it is not a simple procedure to transfer this point 
to a 3D image. Therefore, we suggest that the 
sella point be identified in 3D images associated 
with MPR, whereas its identification in 3D or MPR 
reconstructions alone should be avoided.

Landmarks located on the midline presented 
a high level of reliability in some of the studies 
included1,8,9,11,21,22,25,28 in this systematic review 
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and may be safely used in 3D cephalometry. 
In the study by Zamora, et al.28 (2012) of the 
nasion, point A, anterior nasal spine, pogonion, 
gnathion and menton points showed the greatest 
degrees of reliability. According to Schlicher, et al.25 
(2012), structures on the median sagittal line are 
easily identified, suggesting a similarity between 
the sagittal slice window in the 3D module and 
the traditional 2D lateral view. Moreover, these 
structures are identified in sequence, with little 
change to the position of the image.

Nevertheless, in the study by Meldenik, et al.16 
(2011), the pogonion and gnathion showed greater 
standard deviation in the identification of the x 
and y coordinates (axial and coronal). According 
to the authors, this is because they are landmarks 
of reference located on a prominence or curvature, 
and thus identification may be difficult.

The  o rb i t a l e  was  eva l ua t ed  i n  t en 
articles7,9-12,15,21,22,26,28 included in this study. Chien, 
et al.1 (2009) found intra- and inter-observer ICC 
values close to 1, whereas Ludlow, et al.16 (2009) 
found significant inter-observer differences in the 
identification of this landmark. According to Oliveira, 
et al.22 (2009) because the orbitale is found on a 
curved surface, it could be better identified by the 
three-dimensional reconstruction image.

There was an overall low reliability in the 
identification of condyle landmarks. Oliveira, et 
al.22 (2009) evaluated landmark identification in 
MPR images and found poor reliability for both 
intra- and inter-observer values in the sagittal plane 
of the right condyle. In the study by Chien, et al.1 
(2009), the identification of this landmark was also 
imprecise in the axial plane.

These findings can be explained by the deficient 
definition criteria of these particular landmarks, and 
by their location along anatomic areas that are not 
of maximum curvature28. According to Chien, et al.1 
(2009), identification in the transverse direction 
may depend on the observer’s ability to visualize 
the most superior and posterior points along the 
surface of the condyle in different slices. When 
these points are viewed on a sagittal slice towards 
the medial region, they may be identified in a more 
anterior position than the correct position.

Hassan, et al.9 (2013) evaluated the precision 
and time required to perform a cephalometric 
analysis in CBCT, using two types of images: 3D 
image only or 3D image associated with MPR 
imaging. There was an increase in the precision 
of identification of 15 of the 22 points when 
images from MPR associated with 3D models 
were used, however the results were statistically 
significant in only 6 points (the left orbitale, sella, 
nasion, posterior nasal spine, menton and the left 
mandibular molar) and in average twice the time 
was required. The landmark with the highest level 

of imprecision in that study9 was the right porion. 
This point also had a low level of reliability in other 
studies included in this systematic review.

Ludlow, et al.15 (2009) found great variability 
in the identification of the porion point in the 
visualization of MPR views. The porion presented 
a higher level of variation (x-axis and y-axis). 
According to these authors, the curvature of the 
external acoustic meatus and the proximity to the 
temporal bone surface makes the porion point 
difficult to identify in MPR views and 3D models. 
Schlicher, et al.25 (2012) found significant errors 
in identifying the right and left porion on the 
transversal plane.

These authors suggested that the porion point 
could be used for analyses in the vertical and sagittal 
directions, but it must be avoided in transverse 
analyses. However, the study by Lagravère, et 
al.11 (2009) found a higher level of inter-evaluator 
error in identifying the right and left porion on the 
Z coordinate (sagittal). Due to errors in identifying 
the porion, we suggest that its use be avoided in 
three-dimensional cephalometry.

Overall, dental landmarks presented a high level 
of reliability. In the study by Hassan, et al.9 (2013), 
the maxillary central incisor presented the highest 
level of precision in identification, similar to the 
results of Zamora, et al.28 (2012), who found a high 
level of reliability for the maxillary central incisor 
and the right and left maxillary molars. Fuyamada, 
et al.8 (2014) showed favorable reproducibility of 
the upper-1, lower-1, left lower-6 and especially 
left upper-6. However, in the study by Katkar, et 
al.10 (2013), all of the dental landmarks showed 
significant differences in identification, leading the 
authors to suggest that skeletal points are more 
reproducible than dental points.

Among the articles included in this systematic 
review, only Ludlow, et al.15 (2009) evaluated soft 
tissue landmarks, and significant inter-observer 
variations were found in the identification of points 
A and B in soft tissue. Further studies are necessary 
to determine the reliability and reproducibility of 
soft-tissue cephalometric landmarks identification.

CONCLUSIONS

In spite of good reliability in the identification 
of 3D-CBCT cephalometric landmarks being shown 
in most of the studies, important variations were 
observed in the experimental methods regarding 
the parameters of image acquisition, software, 
types of visualization, and in the anatomic 
references marked.

Overall, the landmarks on the median sagittal 
line and dental landmarks had higher reliability, 
while the landmarks on the condyle, porion and 
the orbitale presented a low level of reliability. 
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Point S must be marked in the multiplanar views 
associated with visualization in 3D reconstruction. 
Further studies are necessary for evaluating soft 
tissue landmarks.
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