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ABSTRACT
Objective: This study aimed to compare the results of conventional manual cephalometric tracing
with those acquired with smartphone application cephalometric tracing.
Materials and methods: The cephalometric radiographs of 55 patients (25 females and 30 males)
were traced via the manual and app methods and were subsequently examined with Steiner’s analysis.
Five skeletal measurements, five dental measurements and two soft tissue measurements were man-
aged based on 21 landmarks. The durations of the performances of the two methods were also
compared.
Results: SNA (Sella, Nasion, A point angle) and SNB (Sella, Nasion, B point angle) values for the manual
method were statistically lower (p< .001) than those for the app method. The ANB value for the man-
ual method was statistically lower than that of app method. L1–NB (�) and upper lip protrusion values
for the manual method were statistically higher than those for the app method. Go-GN/SN, U1–NA (�)
and U1–NA (mm) values for manual method were statistically lower than those for the app method.
No differences between the two methods were found in the L1–NB (mm), occlusal plane to SN, interin-
cisal angle or lower lip protrusion values.
Conclusions: Although statistically significant differences were found between the two methods, the
cephalometric tracing proceeded faster with the app method than with the manual method.
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Introduction

Orthodontic radiography and cephalometric evaluation meth-
ods have exhibited much progress since Broadbent’s stand-
ardization of the lateral cephalometric radiography technique
in 1931 [1]. Cephalometric radiography is an essential
method for case diagnosis, treatment planning, treatment
prognostication, result acquisition and dental and craniofacial
growth evaluations [2].

Cephalometric tracing is performed via manual and com-
puterized approaches. The manual technique was the only
method available for a long period of time [2]. The main dis-
advantages of manual tracing are that it is time-consuming,
and it is possible for errors to originate in manual measure-
ments that are performed with a protractor and a ruler [3].
The unprecedented evolution of computer technologies has
paved the way for the use of digital programs in the produc-
tion of cephalometric tracings. The Dolphin imaging software
(Dolphin Imaging and Management Solutions, Chatsworth,
CA), which was introduced in 1994, was the first digital
innovation that was employed in the orthodontic field [2].
Since then, many other computer programs have been devel-
oped for digital cephalometric tracing.

Today, mobile technologies have undoubtedly become
ubiquitous in daily life. As indicated in the 2014 Millward
Brown study [4], which was conducted in 30 countries

around the world, mobile devices account for 47% of the
total daily screen time. Moreover, among these devices, 35%
are smartphones, the users of which spend 147minutes per
day interacting over their devices, making smartphones the
leading largest screen medium in the world. In addition to
being powerful handheld computers with complete mobile
operating systems, smartphones serve as personal data assis-
tants, cameras, video recorders, media players, global posi-
tioning system receivers, game stations and access points for
the collection of games, resources, broadband access and
communication tools [5].

Promising, exciting and trendy smartphone technologies
have exerted non-negligible effects on the medical field. In
daily medical practice, smartphones play important roles that
range from patient monitoring and diagnostics to effective
medical education and communication [6]. Given that a
smartphone is an easy and fast tool that can be used to
facilitate clinical practice [5,7–9], the associated technologies
are being adopted and embraced by clinicians, medical stu-
dents, patients and health care organizations [5]. An HIMSS
report [10] indicated that in 2014, 83% of physicians used
smartphones for work-related purposes, and the device most
preferred by these practitioners was the iPhone, followed by
smartphones with the Android and Blackberry operating sys-
tems [11]. Each of the popular operating systems, e.g. iPhone
iOS, Android and Blackberry, is accessible through an
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application distribution store from which users can select
and download applications in which they are interested [11].

A smartphone application (app) is a small-scale specialized
software program that can be downloaded onto a mobile
device [12]. Such smart mobile technologies enhance the
possibilities of dental practice [13], and their consistent
development has reconfigured dental care to involve the use
of mobile phone apps [8,14,15]. More than any other dental
specialization, orthodontics has used computer technologies
in diagnosis, treatment planning and data storage [2]. Across
the entire dental field, orthodontics has been a leading spe-
cialization area [16].

In this study, we aimed to compare linear and angular
measurements obtained with smartphone app tracing (app
method) and manual tracing (manual method) methods. An
additional goal of this study was to evaluate the reliability of
the smartphone-based approach as a cephalometric tracing
method for orthodontics. The null hypothesis was that the
results of tracings performed using a smartphone app would
not be significantly different from those obtained from trac-
ings performed by hand, but the app method would require
statistically less time to perform.

Materials and methods

The digital lateral cephalometric radiographs of 55 orthodon-
tic patients (25 females and 30 males) with a mean age of
13.10 ± 2.20 and permanent dentition were randomly
selected from the database of the Department of
Orthodontics at the Faculty of Dentistry of Istanbul Medipol
University. The Research Ethics Committee of Istanbul
Medipol University reviewed and approved this study under
Protocol Number 10840098-604.01.01-E.9265. The lateral
radiographs were obtained at the same radiological clinic by
the same technician. As the cephalometric exposure was per-
formed, the patient’s head was immobilized using a cephalo-
stat guided by a Frankfort horizontal plane that was
positioned parallel to the ground and perpendicular to the
mid-sagittal plane.

Both the manual and app tracings were performed by a
single examiner (XXX) to minimize the variability of the
measurements. This examiner had a clinical experience of 9
years as an orthodontist.

Manual cephalometric tracing method

To avoid examiner fatigue, the manual tracings of the 55 lat-
eral cephalograms were performed over five days, and 11 lat-
eral radiographs were collected each day. Transparent tracing
paper (Straight Line Acetate Tracing Paper, G&H, Franklin, TN)
with dimensions of 8� 10 inches and a thickness of
0.003mm was placed on the hard copies of lateral cephalo-
grams. Calibration was done before printing the images and
the tracing was subsequently performed using a mechanical
pencil with a 0.3-mm lead tip.

Steiner’s analysis was adopted for the cephalometric ana-
lysis because of the frequent use of this technique in our
clinics and its availability for cephalometric analysis in the

smartphone’s selection menu. The analysis involved five skel-
etal measurements, five dental measurements and two soft
tissue measurements. The cephalogram was labelled with 21
landmarks, namely, Point S (sella), Point N (nasion), Point A
(A), Point B (B), Gonion (Go), Gnathion (Gn), Upper Incisor
Edge (U1i), Upper Incisor Root Apex (U1r), Lower Incisor
Incisal Edge (L1i), Lower Incisor Root Apex (L1r), Upper
Incisor Crown Facial Surface (U1f), Lower Incisor Crown Facial
Surface (L1f), Posterior Nasal Spine (PNS), Anterior Nasal
Spine (ANS), Occlusal Contact Point in the First Molar Region
(OCm), Occlusal Contact Point in the Premolar Region (OCp),
Pogonion (Pog), Columella of the Nose (i.e. the mid-point
between the subnasal point and the nose tip), Upper Lip
(UL), Lower Lip (LL) and Soft Tissue Pogonion (Pog’).

After the landmarks were traced, the lines and planes to
be used in the analysis were obtained (Figure 1). The angular
and linear hard and soft tissue parameters used in the study
are listed below.

Angular parameters:

� SNA: angle between sella nasion and A point.
� SNB: angle between sella nasion and B point.
� ANB: difference between SNA and SNB.
� U1–NA (�): upper incisor to NA line (the angle between

the axis of upper incisor and NA line).
� L1–NB (�): lower incisor to NB line (the angle between the

axis of lower incisor and NB line).
� Go-GN/SN: Steiner’s mandibular plane angle.
� Occlusal plane to SN: angle between the sella nasion and

the occlusal plane.
� Interincisal angle: The angle between the axis of upper

incisor and the axis of lower incisor.

Linear parameters:

� U1–NA (mm): the distance between labial surface upper
incisor to NA line.

� L1–NB (mm): the distance between labial surface lower
incisor to NB line.

� Upper lip protrusion: upper lip to Steiner’s S line.
� Lower lip protrusion: lower lip to Steiner’s S line.

The angular measurements were performed with a ceph-
alometric protractor, and the linear measurements were per-
formed to the nearest 0.5mm using a millimetre ruler. The
obtained data were then tabulated for statistical analysis. The
time required for each lateral cephalogram was registered
using a chronometer, and the time results were tabulated for
statistical analysis.

Smartphone app cephalometric tracing method

In the first stage, the examiner performed 10 sequential ran-
dom tracings using the application until the researcher mas-
tered the method. After calibration, 55 tracings were
performed. To avoid examiner fatigue, app tracings of the 55
lateral cephalograms were performed over five days, and 11
lateral radiographs were collected each day. A smartphone
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(iPhone 5 with IOS 9.3.2) was used to evaluate the
cephalograms. The terms ‘cephalometric’, ‘cephalometry’,
‘cephalogram’, ‘orthodontic tracing’ and ‘cephalometric
tracing’ were entered into the iPhone’s search facility to
obtain a list of apps that enable cephalometric tracing. The
search results returned only the CephNinja 3.10 app
(Individual Trademark Owner: Rohit Madan), and this app
was then downloaded onto the smartphone after the fees
were paid. The digital images of the 55 lateral radiographs
were sent to the phone via an e-mail from the main server
on which the data were stored. The images were down-
loaded and saved in the photo gallery of the phone, and no
changes were made to the image quality. All the images dis-
played an identification number as they were downloaded.

After the cephalogram images were saved in the photo
gallery, CephNinja 3.10 was applied. Clicking on the new ana-
lysis option in the menu toolbar allowed for the selection of
the preferred images, which were then uploaded from the
photo gallery. After an image was chosen from the photo
gallery, it was transferred into a crop box for resizing into
useful scales. Tapping the ‘next’ option resulted in the dis-
play of a menu for the selection of the cephalometric ana-
lysis type. This menu contains the following options:
Steiner’s, Wits appraisal, Burstone’s/COGS, Down’s, Jarabak’s,
McNamara’s and Tweed’s analyses, and a composite analysis
method (which was created by choosing a variety of analysis
approaches). As previously stated, we opted for Steiner’s ana-
lysis (Figure 2). Calibration was performed, and tracing subse-
quently commenced (Figure 3). Double tapping enabled the

marking of the landmarks used for the analysis on sequential
images as prompted by the app. At this stage, the examiner
zoomed in on the image via a pinching gesture on the dropped
pins, which effectively and accurately marked the landmarks.

Figure 1. Cephalometric landmarks.

Figure 2. Analysis selection tool.
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Zooming in allowed the examiner to easily hold and drag the
pins to exact positions.

Tapping on the ‘next’ option saved the obtained linear
and angular results of the app tracing to a folder (Figure 4).
The results were then also tabulated individually by the
examiner for statistical analysis. The time required for each

lateral cephalogram was registered using a chronometer, and
the time results were tabulated for statistical analysis.

Statistical analysis

The significant differences between the durations required
for the tracings and the angular and linear measurements
derived with the manual and app methods were evaluated
using statistical software (IBM SPSS V23.0, IBM Corp., Armonk,
NY). Shapiro–Wilk’s test was conducted to examine the nor-
malities of the data. Normally distributed data were then
evaluated with the paired samples t tests. After 20 days, the
intra-examiner error was assessed based on 10 new randomly
selected tracings (five manual and five digital). The method
error was calculated and was found as 0.92 by using
Houston’s formula [17]. The results were evaluated with the
95% confidence intervals (CIs), and the significance level was
set at p< .05. The reliabilities of the measurements were
evaluated by performing interclass correlation coefficient
analyses with the 95% CIs.

Results

The mean values and the standard deviations for the nor-
mally distributed data are presented in Table 1.

The performance duration of the manual method was
found to be significantly higher (p< .001) than that of the
app method.

The SNA and SNB values for the manual method were
found to be significantly lower (p< .001) than those for the
app method.

The ANB values for the manual method were statistically
lower than that of app method. The L1–NB (�) values for the
manual method were statistically greater than those for the
app method.

The Go-GN/SN, U1–NA (�) and U1–NA (mm) and upper lip
protrusion values for the manual method were statistically
lower than those for the app method.

There were no differences in the L1–NB (mm), occlusal
plane to SN, interincisal angle or lower lip protrusion values
between the manual and app methods.

The ICC values for all items ranged between 0.9100 and
0.9726 (Table 2).

Discussion

This study aimed to compare the performance durations and
the tracing results between the manual and app methods.
Prabhakar et al. [18] explained the dependence of digital
radiography on computers and underlined the necessity for
additional hardware and software. Manual tracing requires
equipment that includes a ruler, protractor, view box and
tracing paper, whereas smartphone apps require none of this
equipment. Correspondingly, the use of smartphones by
physicians is increasing rapidly day-by-day [5,6,11,14,19,20].

Mobile applications can take dentistry a step further [15].
Numerous smartphone apps that are related to orthodontics

Figure 3. Calibration ruler.

Figure 4. Screenshot of app method results.
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have been used by orthodontic clinicians and patients
[12,21]. Mamillapalli et al. [8] and Pavan et al. [9] used differ-
ent smartphone apps for orthodontic evaluations that
involved model analysis and the determination of cervical
vertebral maturation. In the present study, we used
CephNinja 3.10. As the Android version of this app is insuffi-
ciently effective and requires further development, an Apple
device was used in this work.

For a very long period of time, the manual tracing method
was the only method available for cephalometric analyses [2].
The problem with this traditional approach is that it is time
consuming and prone to errors due to the limitations of the
human eye [3]. Additionally, the smallest scale on a conven-
tional instrument is the millimetre for linear measurements
and is the degree value for angular measurements, which
limits the accuracy of such tools [3]. Chen et al. [3] also
argued that because manual tracing is performed with a ruler
and a protractor with a lead pencil, the dotted points and
lines are characterized by widths that can affect the accuracy
of the results. These factors may explain the differences
between the measurement results obtained in our study.
Rudolph et al. [22] discussed the repeatability and accuracy
of manual tracings and identified some factors that cause
measurement errors or variations in image identification and
landmark acquisition. Despite the insights derived from previ-
ous works, comparisons of app tracing with any other meth-
ods are not found in the literature. Therefore, the only data
related to non-manual tracings that were used in the present

research were those from the digitized and computerized
tracing methods.

The cephalograms used in this study were digital cephalo-
grams. As the characteristics of digital cephalograms are
superior to those of conventional radiographs, digital cepha-
lograms are highly valued sources of data in orthodontic clin-
ics [22]. The major advantage of digital radiography is the
remarkable reduction in patient radiation exposure. This tech-
nique also enables the acquisition of soft copies of the
data [18].

Chen et al. [3] noted that computer-aided cephalometric
analysis enables faster data identification and evaluation
compared with traditional methods. Furthermore, such ana-
lysis enables the operator to alter the visual appearance of
the images through the manipulation of brightness and con-
trast and allows for zooming in, which facilitates accurate
and easy landmark identification [3,18].

Similar to our study, Prabhakar et al. [18] compared two
different computerized methods and a manual tracing
method. These authors found no significant differences in
the results, and these findings contrast with our outcomes.
Specifically, in our work, only the following measurements
exhibited no differences between the methods: L1–NB (mm),
occlusal plane to SN, interincisal angle and lower lip protru-
sion. Paix~ao et al. [2] highlighted the difficulty of tracing the
maxillary and mandibular dental structures and found signifi-
cant differences in the measurements of maxillary and man-
dibular incisors. These results match the findings obtained in
the current research; that is, the two tracing methods signifi-
cantly differed in terms of the majority of the dental struc-
tural measurements. Chen et al. [3] investigated the
durations required for tracing among three clinicians with
different experience levels and found statistically significant
differences between the groups. These authors mentioned
that tracing via the use of a computerized tracing method
reduced the clinical time required to perform cephalometric
evaluation, i.e. this time was significantly different from that
associated with traditional manual tracing with a ruler and a
protractor. Moreover, the use of a computerized method can
minimize the error margin that is normally encountered with
the manual tracing technique [3]. In the present study, the

Table 1. Linear and angular parameters used in the study and their values.

Parameters
App cephalometric tracing

method values
Manual cephalometric tracing

method values
Difference between app tracing

and manual tracing p

Performing duration (minutes) 2.460 ± 0.200 4.3200 ± 0.1300 –1.861 ± 0.233 p<.001���
SNA (�) 82.500 ± 4.000 81.300 ± 3.700 1.263 ± 1.505 p<.001���
SNB (�) 78.600 ± 4.200 77.600 ± 4.000 0.965 ± 1.42 p<.001���
ANB (�) 3.910 ± 2.600 3.700 ± 2.390 0.298 ± 0.841 .011�
Occlusal plane to SN (�) 16.500 ± 6.200 16.400 ± 5.500 0.123 ± 2.233 .683 NS
GoGn to SN (�) 32.600 ± 6.800 31.900 ± 6.500 0.72 ± 1.567 .001��
U1–NA (mm) 2.270 ± 1.670 2.070 ± 1.720 0.2 ± 0.574 .012�
L1–NB (mm) 2.520 ± 1.130 2.470 ± 1.090 0.045 ± 0.473 .479 NS
Interincisal (�) 126.000 ± 11.000 126.300 ± 10.200 –0.317 ± 3.754 .534 NS
U1–NA (�) 25.400 ± 8.400 24.700 ± 8.100 0.746 ± 2.676 .043�
L1–NB (�) 25.000 ± 7.100 25.900 ± 6.300 –0.844 ± 2.242 .007��
Upper lip protrusion (mm) –1.039 ± 1.084 –0.870 ± 1.038 –0.169 ± 0.361 .001��
Lower lip protrusion (mm) –0.261 ± 1.273 –0.166 ± 1.167 –0.095 ± 0.407 .088 NS
�p< 0.05��p< 0.01���p< 0.001

Table 2. Intraclass correlation coefficient values of the parameters between
the app and manual methods with 95% confidence interval.

ICC 95% CI of ICC

SNA (�) 0.9243 0.8737–0.9551
SNB (�) 0.9398 0.8990–0.9644
ANB (�) 0.9442 0.9061–0.9670
Occlusal plane to SN (�) 0.9280 0.8796–0.9573
GoGn to SN (�) 0.9726 0.9535–0.9839
U1–NA (mm) 0.9424 0.9033–0.9660
L1–NB (mm) 0.9100 0.8506–0.9465
Interincisal (�) 0.9373 0.8949–0.9630
U1–NA (�) 0.9469 0.9106–0.9687
L1–NB (�) 0.9446 0.9069–0.9673
Upper lip protrusion (mm) 0.9421 0.9028–0.9658
Lower lip protrusion (mm) 0.9443 0.9064–0.9671
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tracing durations associated with the app and manual meth-
ods were compared for each lateral radiograph. Our time
results are consistent with those of Chen et al. [3]; specific-
ally, the app method was substantially faster than the con-
ventional manual tracing method.

In contrast to our work, Chen et al. [3] and Paix~ao et al.
[2] found no significant differences in any of measurements
acquired with digital cephalometric tracing and manual ceph-
alometric tracing. These authors argued that the computer-
ized method resulted in a lower range of error than the
traditional method and thus increased measurement reliabil-
ity [2]. In contrast, Forsyth et al. [23] revealed that errors in
the angular and linear measurements acquired from digital
images are greater than those that occur with traditional
manual tracing. However, after comparing several cephalo-
metric tracing methods, other researchers [2,3,24] have con-
firmed the reliability of digital tracing in orthodontic practice.
However, despite the clinical acceptance, some researchers
have claimed the existence of significant differences between
results obtained with these methods [2,3]. Our findings are
consistent with this claim.

This study revealed that most of the measurements in app
tracing method were found higher than that of the manual
tracing method. Only the interincisal angle and the L1–NB (�)
were found lower in app tracing method. These measure-
ments which are related to dental axis of the lower incisors,
can be originated from the sensitivity of app tracing screen.
During the detection of the dental axis of the lower incisors,
extra zoom in was performed in app tracing method. We
think that this situation was the reason of the difference in
these findings.

In this study, internal consistency defines the reliability of
examination of each parameter with different methods. We
could not compare our results with another research,
because of the lack of similar studies evaluating ICC parame-
ters in the literature. It was reported that ICC values higher
than 0.80 defines a strong reliability [25]. In the light of this
information in our study all of the ICC values can be consid-
ered as excellent.

Few studies have been devoted to smartphone app usage
in orthodontics. Nevertheless, apps are predicted to play
much greater roles in the diagnosis, treatment planning and
prognostication of orthodontic patients in the future.

Conclusions

The zoom-in functionality of smartphones enables the magni-
fication of a specific area, and thus facilitates detailed studies
by an examiner. In the present work, the tracing results
revealed significant differences in the majority of the meas-
urements. There were no differences in the L1–NB (mm),
occlusal plane to SN, interincisal angle and lower lip protru-
sion values between the two methods.

Smartphone use allows for a very fast tracing method,
and a substantial difference in the analysis durations was
found between the two compared methods.

Although statistically significant differences between the
measurements acquired with the two methods were found,

we believe that there are no ‘clinically’ significant differences
between the methods.

Rapidly developing mobile technology will be a potential
game changer in the future of medical and dental clinical
applications.
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