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A b s t r ac t
Aim: To assess the reliability of the OneCeph application in comparison with the Nemoceph cephalometric analysis program in determining
five angular and five linear parameters.
Materials and methods: A total of 54 pretreatment lateral cephalometric radiographs were obtained using a digital cephalometer (Gendex
Orthoralix 9200 developmental defects of enamel (DDE), Gendex Dental Systems) were taken. After the identification of landmarks, five angular
and five linear measurements were recorded, and cephalometric analysis was performed using computer-based software Nemoceph, and an
android-based application OneCeph, respectively. The reliability (intraexaminer error) was evaluated using Spearman’s correlation.
Results: Spearman’s correlation coefficient of angular and linear parameters for each method was r ≥ 0.8. A statistically significant difference
was found between Nemoceph and OneCeph for two parameters, namely sella, nasion and point A (SNA) (p = 0.049) and upper incisor to
nasion-point A (UI-NA) (mm) (p = 0.03), respectively.
Conclusion: Using five angular and five linear measurements, the reliability of OneCeph was compared with the Nemoceph cephalometric
analysis program, and the difference was found to be clinically insignificant for most of the parameters.
Clinical significance: The android-based cephalometric application OneCeph seems to be reliable and could be considered as an alternative
to Nemoceph. Thus, it fulfills the need for instant cephalometric values anytime and anywhere, especially in clinical practice.
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Introduction
Cephalometric analysis is an integral tool in the field of orthodontics
in diagnosis and treatment planning to assess dentofacial
proportions, clarify the anatomic basis of skeletal and dental
malocclusions, and in analyzing growth and posttreatment
changes.1 Traditional cephalometric techniques, which were
once used widely, are time-consuming and has many inherent
disadvantages like tedious archiving of records, communication
of data, and associated chemical hazard.2
The recent development in the field of digital technology replaced
the manual tracing method with semiautomated computer-based
software such as Nemoceph, which enables direct soft tissue and
hard tissue landmark identification on-screen displayed digital
images.3 A cost-effective and portable alternative, the OneCeph mobile
application, which provides instantaneous cephalometric reading, was
introduced to simplify the process of cephalometric analysis.4
This computerized cephalometric software and mobile
application identify and calculate linear and angular measurements,
thereby eliminating the errors that could occur in manual tracing with
the protractor.5,6 Furthermore, data from digital methods are less timeconsuming,7 and allow multiple analyses to be achieved at a time.8
Given the exponential growth of software and the lack of systematic
research to evaluate the reliability of mobile applications,9 continuous
monitoring of this software is very much required. Previous studies
on the validity of smartphone-based applications compared to a
software-based computer cephalometric analysis and also with manual
tracing have shown contradictory findings.10–12 So, the accuracy and
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effectiveness of such apps need to be validated to achieve the best
results.1,3 Therefore, the aim of the study was to evaluate the reliability
of the android-based OneCeph mobile application in comparison to
the computer-based software–Nemoceph in determining various
angular and linear parameters in orthodontic cephalometric analysis.

M at e r i a l s

and

Methods

A total of 54 pretreatment lateral cephalometric radiographs of
patients were retrospectively collected from the Department of
Orthodontics and Dentofacial Orthopedics in Sri Rajiv Gandhi
College of Dental Sciences and Hospital, Bengaluru, where the
study was conducted. A power analysis was established by G*Power,
version 3.0.1 (Franz Faul Universitat, Kiel, Germany). A sample size
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Fig. 1: Digital cephalometric tracing using Nemoceph software

of 54 would yield 90% power to detect significant differences,
with an effect size of 0.45 and a significance level of 0.05. All X-rays
were obtained using a digital cephalometer (Gendex Orthoralix
9200 DDE, Gendex Dental Systems, Des Plaines, III; magnification
× 1.1) with patients in a natural head position with teeth in centric
occlusion and with lips lightly pressed together. There was no
differentiation in gender, nature of skeletal, and dental occlusion.
The partially erupted teeth or unerupted teeth affecting root apex
identification and poor-quality images interfering with anatomical
landmark identification were excluded from our study. The grayscale
of the image was kept at 24 bits to minimize the error in the digital
method. OneCeph application was downloaded from Play Store on
Samsung M31 smartphone. Nemoceph, a computerized cephalometric
analysis program was installed, and it served as the gold standard. The
digital images were uploaded in Nemoceph software and the OneCeph
app, followed by landmark identification. Cephalometric tracing was
performed using Nemoceph NX 2009 computer software (Nemotec,
Madrid, Spain) and OneCeph mobile application (Version beta 1.1, NXS,
Hyderabad, Telangana, India) (Figs 1 and 2). To eliminate interobserver
variability, a single examiner traced the radiograph randomly. The
tracings were repeated by the same examiner in a 2-week interval.
Before proceeding with the study, a 3-hour of training was carried
out to master the tracing method both in Nemoceph and OneCeph.

Cephalometric Measurements
A total of 10 measurements (five angular and five linear)
from Steiner’s and McNamara’s analysis, the commonly used
cephalometric analysis in orthodontic practices were selected.

Angular Measurements
•
•
•
•
•

SNA: Angle formed between Sella, nasion, and point A
SNB: Angle formed between Sella, nasion, and point B
ANB: Angle formed between point A, Sella, and point B
UI-NA: Angle between the nasion-point A-line and the long axis
of the upper incisor
LI-NB: Angle between the nasion-point B-line and the long axis
of lower incisor.

Fig. 2: Digital cephalometric tracing using smartphone-based OneCeph
application

•
•
•
•

LI-NB: Linear distance from the tip of lower incisor to NB line
LAFH: Linear distance from the anterior nasal spine (ANS) to
mention (Me)
Effective maxillary length: Linear distance from condylion (Co)
to point A
Effective mandibular length: Linear distance from condylion
(Co) to gnathion (Gn).

Statistical Analysis
The statistical analysis was done using statistical package for social
sciences version 20 (IBM Corporation, Chicago, IL, USA) statistical
analysis software. Data were subjected to the normalcy test
(Kolmogorov–Smirnov test and Shapiro–Wilk test). Data showed
non-normal distribution. Hence nonparametric tests (Wilcoxon sign
and Spearman’s correlation) were applied. Wilcoxon sign test was
applied to compare the clinical parameters between Nemoceph and
OneCeph groups. The level of statistical significance was set at p < 0.05.

Linear Measurements

R e s u lts

•

Table 1 shows a comparison of the clinical parameters between
Nemoceph and OneCeph using the Wilcoxon test. The test showed

UI-NA: Linear distance from the anterior-most point on the
crown of upper incisor to NA line
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Table 1: Comparison of the clinical parameters between Nemoceph and OneCeph using Wilcoxon sign test
Parameters
SNA
SNB
ANB
UI to N-A (mm)
LI to N-B (mm)
UI to N-A (angle)
LI to N-B (angle)
LAFH (mm)
Effective maxillary length (mm)
Effective mandibular length (mm)

Groups

N

Minimum

Maximum

Median

IQR

p-value

Nemoceph
OneCeph
Nemoceph
OneCeph
Nemoceph
OneCeph
Nemoceph
OneCeph
Nemoceph
OneCeph
Nemoceph
OneCeph
Nemoceph
OneCeph
Nemoceph
OneCeph
Nemoceph
OneCeph
Nemoceph

54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54

77.2
77.5
70
5.3
0.20
0.6
1.6
1.7
1.9
1.4
3
2.5
12
12.4
53.5
53.4
80.3
80.9
95

89
89.6
88.4
88.7
8.9
9.1
13.2
12.1
18.1
17.1
41.5
42.1
48
47.8
85
83.7
102.4
102.4
136.5

83.35
83.6
77.95
78
5.05
5.15
5.55
5.25
7.95
7.95
27.05
27.4
33.35
33.55
64.85
64.7
90.2
89.8
112.8

5.78
5.9
5.58
5.75
3.45
3.1
3.43
4.08
4.43
4.33
10.75
9.95
9.73
9.45
5.95
5.78
7.7
8.10
8.6

0.049*

OneCeph

54

94.2

137

113.05

9.3

0.68
0.09
0.03*
0.23
0.70
0.65
0.23
0.51
0.83

*Significant at p ≤ 0.05

Table 2: Correlation between measurements obtained using Nemoceph
and OneCeph by applying Spearman’s correlation
Parameters

r-value

p-value

SNA
SNB
ANB
UI to N-A (mm)
LI to N-B (mm)
UI to N-A (angle)
LI to N-B (angle)
LAFH (mm)
Effective maxillary length (mm)

0.989
0.988
0.985
0.986
0.981
0.992
0.994
0.987
0.971

0.00*
0.00*
0.00*
0.00*
0.00*
0.00*
0.00*
0.00*
0.00*

Effective mandibular length (mm)

0.991

0.00*

*Significant at p ≤ 0.05

no statistically significant difference concerning angular and linear
parameters like SNB (p = 0.68), ANB (p = 0.09), LI to N-B (p = 0.23),
UI to N-A (p = 0.70), LI to N-B (p = 0.65), LAFH (p = 0.23), effective
maxillary length (p = 0.51), effective mandibular length (p = 0.83)
whereas SNA (p = 0.049) and UI to NA (p = 0.03) showed a statistically
significant difference between the groups.
Table 2 shows a very strong positive correlation (r ≥ 0.8)
concerning all the angular and linear parameters between
Nemoceph and OneCeph and found to be statistically significant.
This infers that the android-based application OneCeph is a reliable
cephalometric tool in comparison with Nemoceph software.

Discussion
The present study provides a comprehensive summary and
analytical assessment of the reliability of angular and linear

cephalometric parameters that were obtained by the OneCeph
application when compared to a computerized cephalometric
software. The reliability and accuracy of the computer-based
Nemoceph software have been proven previously in various
studies,6,14,15 therefore this study compares the cephalometric
measurements obtained by OneCeph with that of the Nemoceph
software. The cephalometric values achieved by OneCeph were
satisfactory, suggesting the potential use of digital methods to
make cephalometric analysis more readily accessible.
The cephalometric software that is commonly used in
orthodontic practice can be either automated or semiautomated.16 In
this study, to increase accuracy, initial manual identification of
landmarks was done, followed by a cephalometric analysis by the
computer software and mobile application. According to Liu et al.,
software-based cephalometric assessment reduced the errors that
could occur from manual tracing.5
According to the study by Santoro et al.,17 to evaluate the
reliability of digital cephalometric analysis the source of error
and use of measurements should be focused more rather than
landmarks. In this study, to minimize the error in digital method,
the grayscale of the image was kept at 24 bits to achieve accurate
values. This was in concordance with a study by Ongkosuwito
et al.,11 who pointed out that a grayscale of less than 7 bits may
produce uncertainty in measurement.
The present study focused more on the intraexaminer
errors for both angular and linear measurements, which was
supported by Erkan et al., who inferred from his study that the
digital method showed minimal intraexaminer errors compared
to interexaminer errors. 6
Previous researches on android cephalometric apps are limited
in literature, whereas available studies were more focused on
iPhone-based apps.18,19 In this study, the reliability of OneCeph was
evaluated in comparison with Nemoceph using various angular and
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linear parameters. The results indicated no statistical differences
between the parameters SNB, ANB, LI to N-B, UI to N-A, and also
between LI and N-B, LAFH, effective maxillary length, effective
mandibular length. The two parameters SNA (p = 0.049) and UI-NA
(mm) (p = 0.03), respectively showed significant differences. A possible
reason for this difference, according to a previous study could be due to
difficulty in identifying the nasion point, precisely when the nasofrontal
suture was not visualized clearly.20 Also, another reason could be
because of difficulty in identifying point A that is located on a curve.
Nemoceph allowed image enhancement by magnification
adjustment and also by adjustment in contrast and brightness.
This was supported by a study by Forsyth et al.,21 who explained
that computer software could refine and locate anatomical
landmarks more precisely compared to other methods. Whereas the
Android-based OneCeph application demonstrated the potential
for simplifying the complex and time-consuming cephalometric
analysis when compared to Nemoceph, where accessibility to
desktop computers was not feasible in clinical practice. This was
supported by a similar study by Shettigar et al.22
Further studies are needed in digital cephalometrics to assess
the performance of the application version that is installed on
smartphones and computers and also to evaluate and compare
the validity and reproducibility with a larger number of samples
to ensure better accuracy and need for modifications.

C o n c lu s i o n
The android-based cephalometric application OneCeph performs
satisfactorily in terms of reliability. The result obtained from
OneCeph showed most parameters comparable with Nemoceph
(computer-based software) except SNA and UI-NA (mm). Therefore,
OneCeph can be used as a reliable tool in comparison to Nemoceph to
carry out cephalometric analysis with simplicity and accuracy required
in routine orthodontic practice for diagnosis and treatment planning.
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