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Structured Abstract

Context — The scientific evidence of 3D cephalometry in orthodontics
has not been well established.

Objective — The aim of this systematic review was to evaluate the
evidence for the diagnostic efficacy of 3D cephalometry in orthdontics,
focusing on measurement accuracy and reproducibility of landmark iden-
tification.

Data Sources — PubMed, EMBASE and the Cochrane library (from
beginning to March 13, 2012) were searched. Search terms included:
cone-beam computed tomography; tomography, spiral computed; imag-
ing, three-dimensional; orthodontics.

Study Selection — Two reviewers read the retrieved articles and selected
relevant publications based on pre-established inclusion criteria. The
selected publications had to elucidate the hierarchical model of the effi-
cacy of diagnostic imaging systems by Fryback and Thornbury.

Data Extraction — The data was then extracted according to two proto-
cols, which were based on the Quality Assessment of Diagnostic Accu-
racy Studies (QUADAS) tool. Next, levels of evidence were categorized
into 3 groups: low, moderate and high evidence.

Data Synthesis — 571 publications were found by database search strat-
egies and 50 additional studies by hand search. A total of 35 publications
were included in this review.

Conclusions — Limited evidence for the diagnostic efficacy of 3D cepha-
lometry was found. Only 6 studies met the criteria for a moderate level of
evidence. Accordingly, this systematic review reveals that there is still
need for methodologically standardized studies on 3D cephalometric
analysis.

Key words: cephalometry; cone-beam computed tomography; orthodon-
tics; spiral computed tomography; three-dimensional imaging
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Introduction

Cephalometric analysis was first introduced in
1930s by Hofrath (1) in Germany and Broadbent
(2) in the United States. The method uses frontal
and lateral cephalometric radiographs to evaluate
the craniofacial complex, dentofacial proportions,
malocclusion and changes related to growth, all
of which are crucial for orthodontic treatment
planning and evaluation. A conventional cephalo-
metric radiograph is a two-dimensional represen-
tation of three-dimensional structures. Although
widely accepted as a standard tool for treatment
planning, it still has several downsides, such as
geometric distortion and superimposition of
structures (3-5).

Recently, three-dimensional images have
started to play an important role in oral health
and diagnosis. Several years ago computed
tomography (CT) was introduced into the dental
field. However, its high radiation dose has led to
controversy. In 1996, dental cone-beam com-
puted tomography (CBCT) was invented, and the
technology has been evolving ever since. With rel-
atively lower radiation doses than multi-slice CT
(MSCT), CBCT has become very popular in den-
tistry. Some researchers have also introduced the
use of a clinical low-dose CT protocol for 3D
cephalometric application (6-8). Both modalities
allow orthodontists to visualize craniofacial struc-
tures in three dimensions and overcome the
drawback of 2D cephalometric analysis.

Several studies have been conducted on ceph-
alometric images derived from CBCTs. These
derived lateral cephalometric images were pro-
ven to be accurate and comparable with direct
measurements on skulls (9—12) and conventional
cephalograms of patients (13). This method is
the first step towards 3D cephalometry. Never-
theless, it still implies that a patient’s anatomy is
not evaluated in three dimensions. A combina-
tion of measurements on the axial, coronal and
sagittal view was also used in several studies (14,
15). This method has been sometimes referred
to as 2.5D as it does not allow full access to the
patients’ structures in real three dimensions
(8,15). Three-dimensional cephalometric analysis
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requires input from 3D images of the patient,
either on CBCTs or on MSCTs, and software that
offers 3D cephalometric measurement tools (16—
19).

An increasing amount of research has been
conducted to evaluate the measurement accu-
racy, reliability and reproducibility of 3D cranio-
facial landmark identification and to justify
whether further elaboration of 3D cephalometry
is more beneficial than the standard 2D analysis.
To our knowledge, a systematic review specifi-
cally focusing on 3D cephalometry for orthodon-
tic diagnosis and treatment planning was not yet
available. The aim of this review is therefore to
systematically evaluate the current evidence for
the diagnostic efficacy of 3D cephalometry,
focusing on measurement accuracy and repro-
ducibility of landmark identification for ortho-
dontic diagnosis.

Material and methods

Methods of the analysis and inclusion criteria
were specified in advanced and were docu-
mented in a protocol.

Eligibility criteria

The selected publications had to elucidate the

model of efficacy: diagnostic accuracy efficacy,

diagnostic thinking efficacy, therapeutic efficacy,
or any combination of the preceding adapted

from by Fryback and Thornbury (20).

Diagnostic accuracy efficacy (20) was defined
as:

e Observer performance expressed as overall
agreement, Kappa Index or correlation coeffi-
cients;

e Diagnostic accuracy as percentage of correct
landmark identification;

e Diagnostic accuracy as percentage of correct
cephalometric linear and/or angular measure-
ment;

e Sensitivity, specificity or predictive values;

Diagnostic thinking efficacy (20) was defined
as:



e Percentage of cases in a series in which 3D
cephalometry was judged ‘helpful’ to guide
the orthodontic treatment;

¢ Difference in clinicians’ subjectively estimated
diagnosis probabilities pre- to post-3D cepha-
lometric information;

Therapeutic efficacy (20) was defined as:

e Percentage of times 3D cephalometry judged
helpful in planning management of the
patient in a case series;

e Percentage of times therapy-planned pre-3D
cephalometry changed after the 3D cephalo-
metric information was obtained;

e Percentage of times clinicians’ prospectively
stated therapeutic choices changed after 3D
cephalometric information.

Information sources

A comprehensive electronic database search was
performed in MEDLINE via PubMed (from
beginning to 13 March 2012), EMBASE via em-
base.com (from beginning to 13 March 2012),
and the Cochrane library website (from begin-
ning to 13 March 2012). No restrictions were
imposed regarding time period or types of study
design (i.e. case-controlled, randomized con-
trolled trial). The publications were searched
electronically by using controlled index terms
and relevant specific free text words. The last
search was performed on 13 March 2012.
Detailed search strategies for both MEDLINE
and EMBASE are shown in Table S1. The Coch-
rane Central Register of Controlled Trials (CEN-
TRAL), the Cochrane Database of Systematic
Reviews (CDSR) and the Cochrane Database of
Abstracts of Reviews of Effects (DARE) were
searched using the search term ‘cephalometry’.

Search strategy

The following Medical Subject Headings (MeSH)
were used when searching the literature: Cepha-
lometry; Cone-beam computed tomography;
Tomography, Spiral Computed; Imaging, Three-
Dimensional; Orthodontics. Table S1 shows the
search strategies used in this review.
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Study selection

The lists of publications from both databases
were imported into EndNote® Web 3.3 (Thom-
son Reuters, New York, USA). Duplicate articles
were deleted, after which two reviewers indepen-
dently read the resulting collection of titles and
abstracts. Book chapters, review studies and ani-
mal studies were excluded. Both in vitro and in
vivo studies were included. The full texts of
selected publications were then retrieved. When
an abstract was considered to be relevant by one
of the authors, the publication was then read in
full text.

Grey literature were searched but excluded if
full texts were not available. When publications
elucidated only observer performance, the analy-
sis had to be based on a minimum of two
observers.

The second step was to hand search the refer-
ence lists of the publications that were found to
be relevant in the first step. Titles of the articles
should contain a keyword: ‘cephalometry’ ‘ceph-
alometric’ and ‘cone-beam computed tomogra-
phy’ ‘CBCT’ or ‘computed tomography ‘CT’ or
‘three-dimensional’ or ‘3D’. Similar to the first
step, when an abstract was considered to be rel-
evant by one of the reviewers, the full text was
then retrieved.

Data extraction

Two authors independently extracted the data into
protocol 1 (Table S2) which was formulated based
on the Cochrane Handbook for Diagnostic Test
Accuracy (DTA) Reviews and the Cochrane Hand-
book for Systematic Reviews of Interventions (21,
22) and literature describing how to critically
appraise studies on diagnostic methods (23, 24).
Secondly, protocol 2 (Table S3) was applied to
the included articles to assess the quality of the
publications. This protocol is based on the Qual-
ity Assessment of Diagnostic Accuracy Studies
(QUADAS) tool and the Cochrane Handbook for
DTA Reviews (21, 25). Information was extracted
from included studies concerning: type of stud-
ies, number of samples, reference method, spe-
cific method used in the study, number of
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observers, statistical method and results accord-
ing to authors.

Levels of evidence

The quality and internal validity (level of evi-

dence) of each publication was judged to be

high, moderate, or low according to the follow-

ing criteria (23, 24).

A study was assessed to have a high level of
evidence if it fulfilled all of the following criteria:
e There was an independent blind comparison

between test and reference methods.

e The population was described so that the sta-
tus, prevalence and severity of the condition
were clear. The spectrum of patients was simi-
lar to the spectrum of patients on whom the
test method will be applied in clinical practice.

e The results of the test method being evaluated
did not influence the decision to perform the
reference method(s).

e Test and reference methods were well-
described concerning technique and imple-
mentation.

e The judgments (observations, measurements)
were well described considering diagnostic
criteria applied and information and instruc-
tions to the observers.

e The reproducibility of the test method was
described for 1 observer (intra-observer per-
formance) as well as for several (minimum 2)
observers (interobserver performance).

e The results were presented in terms of rele-
vant data needed for necessary calculations.

A study was assessed to have a moderate level
of evidence if any of the above criteria were not
met. On the other hand, the study was assessed
not to have deficits that are described below for
studies with a low level of evidence.

A study was assessed to have a low level of evi-
dence if it met any of the following criteria:

e The evaluation of the test and reference meth-
ods was non-independent.

e The population was not clearly described, and
the spectrum of patients was distorted.

e The results of the test method influenced the
decision to perform the reference method.
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e The test or the reference method or both were
not satisfactorily described.

e The judgments were not well described.

e The reproducibility of the test method was
not described or was described for only 1
observer.

e The results could have a systematic bias.

e The results were not presented in a way that
allowed efficacy calculations to be made.

The scientific evidence on diagnostic efficacy
was evaluated according to the scale: strong,
moderately strong, limited or insufficient (23,
24) depending on the quality and the level of
evidence of the publications.

e Strong research-based evidence: at least two
publications with a high level of evidence.

e Moderately strong research-based evidence:
one publication with a high level of evidence
and two publications with a moderate level of
evidence.

e Limited research-based evidence: at least two
of the publications with a moderate level of
evidence.

¢ Insufficient research-based evidence: scientific
evidence is insufficient or lacking according to
the criteria defined in this study.

Synthesis of results

The results were analysed descriptively. No
meta-analysis was performed because of the lack
of original studies.

Results

Study selection

The results of this systematic review are reported
based on the PRISMA statement (26). A total of
524 publications were found from the PubMed
database, 175 publications from the EMBASE
database and no systematic reviews or clinical
trials on 3D cephalometry were found in the
Cochrane library. This resulted in 571 publica-
tions after removing of duplicates and a total of
77 publications were included in the systematic
review after the first assessment (Fig. 1) (26).
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Fig. 1. Flow diagram of the included studies according to the PRISMA.

Data extraction was then performed firstly
using protocol 1 (Table S2). Publications that
were not relevant to the model of efficacy were
excluded in this step, thus a total of 77 articles
were read and their quality was assessed. Quality
assessment of these studies was evaluated by
using protocol 2, based on the QUADAS tool
(Table S3).

The second step of the search was carried out by
hand searching the reference lists of included pub-
lications. Fifty additional articles met the search
criteria and were added to the list of protocol 1. As
a result of this assessment, 29 original articles were
additionally included to the review, setting the

total number of articles submitted to the protocol
two evaluation at 106 publications (Fig. 1).

In this step, studies that did not have a repre-
sentative sample spectrum (sample size smaller
than 10) were excluded. Studies, in which the
observer performance was evaluated but which
had only 1 observer, and studies that did not
have a valid reference standard were regarded as
low quality.

Finally, 35 original articles were included in
systematic review (7, 17, 27-58). These included
publications were categorized into three differ-
ent levels: low, moderate and high level of evi-
dence (23, 24).
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Study characteristics

To be able to report the diagnostic accuracy of
these studies, articles were categorized based on
the topics of studies as followed: landmark iden-
tification, linear and angular measurement,
facial asymmetry and other topics.

The most reported topic was landmark identi-
fication. No study met the criteria for high level
of evidence. Six publications were qualified as
moderate level of evidence (Table 1), and 29
publications were qualified as low level of evi-
dence (Tables 2, 3, S4 and S5). All studies were
related to the diagnostic accuracy efficacy. No
publication that reported on diagnostic thinking
efficacy and therapeutic efficacy was found.

Landmark identification

Fourteen publications regarding landmark iden-
tification are shown in Table 2. Two publications
from Olszewski et al. (7) and Olszewski et al. (8)
reached the moderate level of evidence and both
of which are in vitro studies on dry human
skulls. All studies that were done on patients
lacked a gold standard and were therefore
regarded as low level of evidence.

In the 2008, study of Olszewsksi et al., the
authors compared low- and high-dose CT proto-
cols for landmark identification in 3D cephalom-
etry. They reported that the global intra- and
interobserver mean distances for all landmarks
were smaller with a high-dose CT protocol
(p =0.37) and (p = 0.03), respectively (7). Ols-
zewsksi et al. did a similar study in 2013, but
this time comparing a low-dose CT protocol and
a CBCT for landmark identification in 3D cepha-
lometry. The results revealed that the CBCT
showed better reproducibility. The intra- and in-
terobserver mean distance of the CBCT
(p = 0.000075) were smaller than those from the
low-dose CT (p = 0.00087) (8).

Regarding the precision of landmark identifica-
tion, studies reported it in different manners. In
1995, Richtsmeier et al. (48) found that the pre-
cision in locating landmarks was less than
0.5 mm for all landmarks. In addition, the accu-
racy of linear measurements was reported as
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average difference between 1-2 mm. In 2009,
Ludlow et al. reported the precision of landmark
identification in another manner. It was found
that overall correlation was 0.98 and 13 of 24
landmarks had statistically less variability in at
least 1 direction of measurement in the multi-
planar reformation (MPR) views (41). Schlicher
et al. (50) showed that the average consistency
across all 32 landmarks among nine examiners
was 1.64 mm, while the average precision (SD)
was 0.87 mm. Sella turcica was the most consis-
tent (0.50 mm) and most precise (0.23 mm). Has-
san et al. defined the precision as the absolute
difference between an observer’s repeated mea-
surements and the mean of all measurements
per landmark. The 3D surface model together
with multi-planar reformation (MPR) images
improved the tracing precision in 15 but only sta-
tistically significant in 6 of 22 landmarks. The
total precision of measurements ranged between
0.29 4+ 0.17 mm and 2.82 + 7.53 mm (36).

The most reported results are about the obser-
ver performance, reproducibility and repeatabil-
ity of the landmarks. Concerning the observer
reliability, studies reported the results as mean
measurement differences (38, 44, 51) or intra-
class correlation coefficient values (ICC) (29, 33,
38, 39). The ICC ranged between more than 0.70
to more than 0.90 for intra-observer and
between more than 0.64 to more than 0.90 for
interobserver (29, 33, 38, 39). Zamora et al. (58)
found ICC higher than 0.99 with the best results
for landmark identification in the Z-direction.
Chien et al. (29) found lower ICC in 2D: interob-
server 0.35 vs. intra-observer 0.57, but Lagravere
et al. (39) reported values >0.90. In Chien’s
study, 2D landmark identifications were gener-
ally much less repeatable than in 3D (29).

Linear and angular measurement

Thirteen publications regarding the measure-
ment topic were shown in Table 3. Two publica-
tions from Cavalcanti et al. (28) and Lopes et al.
(40) reached the moderate level of evidence and
both of which are in vitro studies. As similar to
the studies in the landmark identification group,
all studies that were done on patients lacked a
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gold standard and were consequently considered
as low level of evidence.

Studies reporting on observer performance, ICC
of 3D measurements ranged from 0.86-0.99 for
intra-observer and from 0.76-0.99 for interobserv-
er reliability (31, 32, 34, 47). Some studies used
Pearson correlation coefficients and the results
showed that the coefficients ranged between
0.42-0.98 (average ICC around 0.89-0.91) (54-56).
Two studies reported observer performance as
mean difference in measurements (27, 35).

Lopes et al. (40) reported on precision and
accuracy of six angular measurements. Differ-
ence between physical and 3D measurement
ranged between —3.16% and —0.10%. In the
study of Cavalcanti et al., (28) the results of the
comparison between 2D-CT, 3D-CT volume
rendering and physical measurements showed
that the error between mean physical measure-
ment and mean 3D-based measurements was
0.83% for bone and 1.78% for soft tissue. Both
studies reported no statistically significant dif-
ferences in the inter- and intra-observer reli-
ability.

Concerning studies with low level of evidence,
some studies reported the accuracy of measure-
ments. In 2008, Periago et al. found statistical
differences between CBCT means and true
dimensions for all of the midsagittal measure-
ments except Nasion-A point and 6 of the 12
bilateral measurements (47). In a study pub-
lished by Brown et al. in 2009, there were no dif-
ferences between 3D CBCT and actual skull
measurements for six dimensions. CBCT pro-
duced generally lower measurements than skull
values (27).

Facial asymmetry

Three publications with low level of evidence
were found (Table S4). The studies were per-
formed in vitro with only 1 observer and without
a standard reference. In 2009, Van Vlijmen et al.
used 40 dry skulls to test the intra-observer reli-
ability of conventional frontal cephalogram and
the 3D cephalometry. The correlation coefficient
of the intra-observer reliability ranged from
0.23-0.99 (average = 0.71) for the conventional
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frontal radiograph and from 0.42-0.93 (aver-
age = 0.79) for the 3D models (53).

In 2011, Yanez et al. published a study on
asymmetry index, using patients CT data. The
results revealed the intra-observer error to be
0.78, 1.05 and 1.07 mm for x, y, and z coordi-
nates. The errors of the linear and angular mea-
surement were 1.36 and 0.91°, respectively (57).

Damstra et al. (30), presented a study on the
morphometric method to determine the midsag-
ittal plane on 14 dry human skulls. No statisti-
cally significant difference was found between
the measurements (p = 0.25-0.97). The agree-
ment was high (r = 0.85-1.00) and the method
error was small (mean =0.39 mm; 95%
CI = 0.31-0.47 mm).

Other topics

Five publications that could not be categorized
into any topics above are reported in Table S5.
Two publications: Olszewski et al. (45) and La-
gravere et al. (37) reached the moderate level of
evidence. Other studies did not meet the criteria
because the reference standard was missing and
were therefore considered as low level of evi-
dence.

Olszewski et al. transformed Delaire’s 2D
cephalometric analysis into a 3D version. The
authors validated the system on 26 dry skulls.
For the intra-observer reliability, the ICC, found
for 2D X-ray was 0.60-0.91 and the ICC for 3D
CT was 0.97-1.00. When looking at the interob-
server reliability, the ICC varied from 0.13 to
0.84 and from 0.94 to 1.00, respectively. In the
3D CT, the user accuracy (absolute difference)
was between 0.75 mm (£+0.05) and 0.99 mm
(£0.08). There were no statistically significant
differences found between the physical measure-
ments and the measurements in ACRO 3D® soft-
ware (45).

Later on, Lagravere et al. (2011) published an
article on the reliability and accuracy in locating
several foramina in the cranial base by CBCT
images. The ICC values were found to be >0.93
and 0.92 for intra- and interobserver reliability,
respectively. From this study, the authors con-
cluded that the foramen spinosum, ovale, and
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rotundum, as well as hypoglossal canal could be
considered as acceptable landmarks to be used
in establishing reference coordinate systems for
future 3D superimposition analysis (37).

In 2006, Swennen and colleagues presented a
new 3D cephalometric reference system and
tested the accuracy and reliability of this analy-
sis. The intra-observer measurement error was
less than 0.88 mm, 0.76 mm and 0.84 mm for
horizontal, vertical and transversal orthogonal
measurements, respectively. The interobserver
measurement error was less than 0.78 mm,
0.86 mm and 1.26 mm for horizontal, vertical
and transversal orthogonal measurements,
respectively (17).

Park et al. (46) proposed a new type of cepha-
lometric analysis by using 3D CT in 2006. The
authors reported that there was no statistically
significant difference when the data were com-
pared with the Korean norm values. All land-
marks were reproducible and no significant
intra-observer error (p > 0.01) was found (46).

Tulunoglu et al. (52) compared the consistency
of orthodontic measurements performed on lat-
eral and frontal cephalograms and 3D CT images
of cleft lip and palate (CLP) patients. The ICC
values were very high for both 2D (0.94-0.99)
and 3D measurements (0.88-0.99). Significant
differences were found between the measure-
ments from 2D and from 3D methods (52).

Discussion

Summary of evidence

No publication reported diagnostic thinking effi-
cacy or therapeutic efficacy.

Meta-analysis was not possible because there
was a lack of primary studies and the heterogene-
ity of the studies. This review was therefore lim-
ited to a qualitative descriptive analysis. Based on
the QUADAS tools, six publications have reached
the moderate level of evidence, and therefore, it
is considered that there is limited research-based
evidence on 3D cephalometry.

The most common reason for exclusion of
publications was adequate sample size (samples
less than 10) (Fig. 1). As the sample size is
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important for meaningful statistics, we deter-
mined minimum sample size equal to 10 as an
inclusion criterium.

The reported research findings were most fre-
quently on landmark identification and mea-
surement accuracy. The results of the observer
performance were reported in almost all studies.
The reliability and reproducibility of the meth-
ods and the observers were highly interesting as
these are the main factors influencing the ceph-
alometric analysis. It was shown that the 3D
landmark identification and measurements were
as reliable or more reliable than traditional 2D
cephalometric measurements (29, 34, 35, 39),
but there was not always full agreement (39, 54).
This may depend on the method and analysis,
selected in the studies. Even different machine
selection may play a role in the difference
between the measurements found (55). Different
landmarks have shown differences in their reli-
ability, reproducibility and precision in the 3D
space (49, 50, 58).

Several researchers have reported studies on
facial asymmetry, and a few studies were
included in this review (30, 53, 57). Three-
dimensional imaging offers a better representa-
tion of the real morphology of the skulls unlike
in the lateral cephalogram, where left and right
structures are superimposed on each other.
Frontal cephalograms or postero/anterior views
have been used for decades to evaluate symme-
try of facial structures, but 3D cephalometry has
recently been reported to prove its validity
although the evidence is still very limited.

Research-based evidence on 3D cephalometry
was found to be limited. More evidence was
found for measurement accuracy and reproduc-
ibility of landmark identification, but still there
is not enough evidence about 3D cephalometry
in other aspects.

Limitations

Cephalometry is a widely used method in ortho-
dontics and orthognathic surgery. A variety of
research topics was identified such as landmark
identification, linear and angular measurements,
facial asymmetry, cleft lip and cleft palate, intro-



ductions of new analyses and the transformation
from the traditional 2D analysis to the new 3D
analysis. This made it difficult to perform a sys-
tematic review as topics, statistical tests and
methods were too diverse. Therefore, a meta-
analysis could not be performed.

In general, cephalometric analysis is used to
analyse the craniofacial structures of the patient
and its results have an impact on treatment
planning. Cephalometry is not a direct method
to diagnose the conditions of the patients, yet it
offers the details of the patients’ craniofacial
structures and thus reveals diagnostic informa-
tion helpful in determining orthodontic treat-
ment planning. To perform this systematic
review, the authors followed the procedure of
the systematic review on diagnostic accuracy as
it shows the most similarity.

A cephalometric analysis is basically per-
formed on radiographs, either 2D or 3D. Osseous
landmarks both on the skull surface and inside
the skull are identified on the images. As a
result, it is impossible to check the real land-
mark positions in patients. The reference
standard can only be used in an in vitro study,
which is not an ideal study type to report the
diagnostic efficacy evidence. A cadaver study
could overcome this problem, but the sample size
will be limited. Studies on patients can only show
the observer performance and reliability of the
methods as direct physical skeletal measurements
are not possible. Although in some publications
the reference standards were calculated based on
the measurements on the images, it is not prefer-
able according to the QUADAS tool (25).

Another limitation in in vivo studies is the eth-
ical issue on radiation safety for orthodontic
patients. Although CBCTs offer 3D images with
less radiation dose than the multislice CT, it is
still too high to perform a controlled trial com-
paring 2D vs. 3D cephalometry.

Within the limitations, mentioned previously,
the authors have tried to adapt the inclusion crite-
ria and protocol of the present systematic review
to cover all the evidence provided by current publi-
cations. The protocol, used in this study is not as
restricted as the standard one as described by Fry-
back and Thornbury (20). When a study did not
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use a reference standard, it was not excluded
immediately but could still meet the low level of
evidence if the study reached other criteria.

Non-English articles were searched during the
literature search and study selection, but they
were not further considered in the present sys-
tematic review. From 571 publications that were
retrieved, 48 non-English publications were
found (9 Chinese, 2 Dutch, 15 French, 12 Ger-
man, 1 Hungarian, 3 Italian, 5 Japanese, 1 Pol-
ish). Titles and abstracts of these publications
were checked for the inclusion criteria. It was
found that all articles did not pass these criteria
with reasons: not related to 3D cephalometry
(33), review literature (5), no quantitative analy-
sis (4), method not clearly described (2), abstract
not available (4). Therefore, it is very unlikely to
identify other relevant non-English publications
than included in this review.

3D cephalometry and the future

There are several concerns using 3D cephalo-
metric analysis, and these concerns can also
affect how future studies should be conducted.
First concern is related to the selection criteria
and thus to outlining when to perform 3D ceph-
alometry. Discussion is going on regarding case
selection and the necessity of 3D cephalometry
because radiation exposure plays a role in this
decision making process. With the current evi-
dence, it cannot be concluded that 3D cepha-
lometry should be performed on all orthodontic
patients. Guidelines and recommendations on
CBCT for dental and maxillofacial radiology by
the European Commission are available and
should be followed (59). Recently, new guide-
lines were proposed by the by the American
Academy of Oral and Maxillofacial Radiology
(AAOMR) to provide clinicians and more specifi-
cally orthodontic specialists some guidance and
recommendations in using cone-beam CT (60).
The radiation dose is a very important issue as
most orthodontic patients are children and ado-
lescents who are more sensitive to radiation
exposure (61, 62). The radiation dose, received
from the CBCTs, is strongly related to FOV size
and also dependent on the specific CBCT
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machine (61). This also acts as a difficulty in con-
ducting research on 3D cephalometry. To obtain
a large FOV, CT or CBCT scan is difficult because
of the ethical concern. Most studies with suitable
gold standard were performed in vitro which is
not fully accepted as evidence as already
mentioned previously in the limitations. In the
in vitro studies, more effort should be taken to
simulate real human conditions such as the use
of water as soft-tissue attenuation, which was
carried out only in a few studies, or to develop a
material that mimics soft-tissue shape and den-
sity to make analysis on the soft tissues possible.

At this point, 3D cephalometric analyses were
mostly based on their former 2D versions. Fur-
ther tests should be performed to evaluate the
reliability and accuracy of these 2D transferred
to 3D methods and to investigate whether the
norm values from 2D cephalometry can still be
used in these new 3D analyses.

Three-dimensional cephalometry is fairly new as
a research topic. More studies are highly required
to provide more evidence on the accuracy and the
efficacy of this potentially innovative method. As
for the future, researchers should concentrate
more on the materials and methods of their 3D
cephalometric studies, standardizing protocols,
using larger sample sizes and employing more
optimal statistical methods for data set evaluation.
Studies on diagnostic thinking efficacy (testing
whether 3D cephalometry is helpful for diagnosis)
and therapeutic efficacy (testing whether 3D ceph-
alometry is helpful for treatment planning and the
management of the patients) (20) should also be
accomplished to offer more concrete evidence on
the benefits of 3D cephalometry for orthodontic
treatment planning and patients.

Conclusions

This systematic review reveals that there is still
limited research-based evidence on 3D cepha-
lometry. Specific research methodology needs to
be developed to be able to perform more stan-
dardized diagnostic accuracy studies by using
patients’ data.
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