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Concurrent validity and reliability of cephalometric analysis using
smartphone apps and computer software

Christos Livas®; Konstantina Delli®; Frederik K. L. Spijkervet°; Arjan Vissink®; Pieter U. Dijkstra®

ABSTRACT

Objectives: To assess the diagnostic accuracy of two smartphone cephalometric analysis apps
compared with Viewbox software.

Materials and Methods: Pretreatment digital lateral cephalograms of 50 consecutive orthodontic
patients (20 males, 30 females; mean age, 19.1 years; SD, 11.7) were traced twice using two apps
(ie, CephNinja and OneCeph), with Viewbox used as the gold standard computer software
program. Seven angular and two linear measurements, originally derived from Steiner
cephalometric analysis, were performed.

Results: Regarding validity, intraclass correlation coefficients (ICCs) ranged from .903-.983 and
.786-.978 for OneCeph vs Viewbox and CephNinja vs Viewbox, respectively. The ICC values for
intratool reliability ranged from .647—.993. None of the CephNinja measurements was below the
recommended cutoff values of ICCs for reliability.

Conclusions: OneCeph has a high validity compared with Viewbox, while CephNinja is the best
alternative to Viewbox regarding reliability. Smartphone apps may have a great potential in

supplementing traditional cephalometric analysis. (Angle Orthod. 2019;89:889—896.)
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INTRODUCTION

Cephalometrics is an integral component of clinical
orthodontics and orthognathic surgery aiming to evalu-
ate dentofacial proportions, to clarify the anatomic basis
for a malocclusion, and to analyze growth- and treat-
ment-related changes.' Manual cephalometric analysis
has been largely replaced by semiautomatic computer-
based software,? which enables direct landmark identi-
fication on screen-displayed digital images. Likewise,
recently introduced apps (ie, software applications
designed to run on smartphones and tablets),® facilitate
automatic calculation of cephalometric measurements
following hand-operated landmark identification.

The adoption of mobile technologies by health care
professionals has been associated with several
advantages, including improved practice productivity
and clinical decision making, rapid access to informa-
tion and multimedia resources, and more accurate
patient documentation.* There is emerging evidence
supporting the efficacy of teledentistry, that is, the
combination of telecommunications and dentistry in
the exchange of clinical information and images
between distant locations, in remote dental consulta-
tion and treatment planning.® In addition, the use of
technology-enhanced learning (TEL); ie, smart-
phones, computers, apps, learning management
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systems, and discussion boards is increasingly in-
volved in education and training in health professions.®

Currently available orthodontic apps are targeted for
either clinicians or patients and are intended to promote
orthodontic news, meetings, products, diagnostics, and
practice management or to serve as patient education
materials, treatment simulators, progress trackers, and
elastic wear reminders.”® Nevertheless, a systematic
approach to evaluating the accuracy and evidence
base of mobile apps is at this point lacking.® Most of the
relevant studies refer to established criteria for assess-
ing health care information displayed on websites and
not specifically for apps.’ Consequently, a decision to
embed a health care app in everyday practice should
be thoroughly explored."

Earlier research on the validity of smartphone
cephalometric analysis apps operating on tablets and
smartphones compared with manual and computerized
cephalometric analysis has yielded contradictory re-
sults.”®'* Given the exponential growth of apps and the
current lack of a systematic approach to evaluate the
validity and reliability of mobile apps,’ continuous
monitoring of the measurement properties of apps is
needed. Therefore, the aim of this study was to assess
the concurrent validity and reliability of cephalometric
measurements generated by two popular, free apps,
CephNinja (version 1.0, Naveen Madan, Bothell,
Wash) and OneCeph (version beta 1.1, NXS, Hyder-
abad, Telangana, India), compared with Viewbox
(Viewbox 4, dHAL Software, Kifissia, Greece) as the
reference standard.

MATERIALS AND METHODS

Pretreatment digital lateral cephalograms of 50
consecutive orthodontic patients attending a private
practice (Dental Clinics Zwolle, Zwolle, the Nether-
lands) between August and October 2017 were
retrospectively collected for the purposes of the study.
No selection criteria were applied in relation to patients’
gender, age, and type of malocclusion. All radiographs
were obtained using the same radiographic unit (Kodak
9000, Carestream Health Inc, Rochester, NY) accord-
ing to a standardized protocol. Patient identifiers (ie,
name, age, gender, and date of examination) were
cropped out of the original lateral cephalograms to
maintain patient privacy. The Medical Ethics Review
Committee of the University Medical Center Gronin-
gen, Groningen, the Netherlands, provided a waiver for
the study (M18.225513) upon request.

Tracing Techniques

The free versions of the CephNinja and OneCeph'®
apps were downloaded from the Google Play Store on
March 30, 2018 (Google Inc, Mountain View, Calif) on
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a Samsung Galaxy S8 smartphone (Samsung Tele-
communications, Suwon, South Korea). Viewbox, a
CE-certified computerized cephalometric analysis pro-
gram broadly used in orthodontic research,'®'® was
installed on a laptop (Microsoft Surface Laptop Core,
i8, 8—256 GB, Microsoft Corporation, Redmond, Wash)
and served as the gold standard. To eliminate
interobserver variability and to focus on the intertool
variability, a single examiner (Dr Livas) traced the
radiographs randomly first using Viewbox, then One-
Ceph, and finally CephNinja. All tracings were repeat-
ed again in random order in a second session, 2 weeks
after the first one. Tracing periods were set to 1 hour to
prevent operator fatigue. At the time the study was
conducted, the examiner had 15 years of clinical
experience in orthodontics and more than 10 years of
experience using Viewbox and has been previously
calibrated.'®"® Prior to the study, a 3-hour training for
each app was carried out to allow the examiner to
master the tracing method. As the vast majority of
smartphones are not equipped with a stylus, identifi-
cation of landmarks was performed directly on the
touchscreen by a finger to represent mainstream use.

Cephalometric Measurements

To define the cephalometric variables, a total of 12
landmarks were digitized (Figure 1A). Seven angular
and two linear measurements originating from the
Steiner cephalometric analysis,? the prevailing ceph-
alometric analysis in orthodontic practices,? all avail-
able in the analysis protocols of Viewbox and both
apps, were selected for the tracing procedures,
namely, the angles SNA, SNB, ANB, SN to GoGn,
upper incisor to NA (U1 to NA), lower incisor to NB (L1
to NB), interincisal angle, and the linear distances of
the most prominent points of the labial surfaces of the
upper and lower incisors perpendicular to NA and NB,
respectively (Figure 1B).

Statistical Analysis

Statistical analyses were performed with IBM SPSS
Statistics 23 (SPSS, Chicago, lll). Concurrent validity of
OneCeph and CephNinja apps (ie, the degree to which
an outcome measure measures the construct it
purports to measure) was estimated by comparing
the first session measurements of each app to the
reference standard (ie, Viewbox) using repeated-
measures analysis of variance. Sphericity was
checked using Mauchly’s test. In case of significant
deviations from sphericity, a Greenhouse-Geisser
correction was applied. Intraclass correlation coeffi-
cients (ICCs; two-way mixed-effects model, single
measures, absolute agreement) and the 95% confi-
dence intervals (Cls) were calculated. When interpret-
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Figure 1. (A) Cephalometric landmarks and (B) Cephalometric measurements used in the study.

ing the results for research purposes (comparing
groups), the ICC should be at least .7, and for clinical
practice, the ICC should at least be .9.2" Plots were
constructed to analyze differences in measurements
between the apps and the reference standard. A
clinically relevant difference was claimed when the
angles and distances measured by the apps differed
by >2° or >2 mm, respectively.?**

Reliability (ie, the degree to which the measurement
is free from measurement error) was determined using
paired ttest and the limits of agreement on measure-
ments acquired by the three programs (session 1 vs
session 2). In addition, the ICC and 95% CI were
calculated. Bland-Altman plots were constructed to
analyze differences in measurements between ses-
sions for all three programs.

RESULTS

In total, lateral cephalograms of 20 males and 30
females (mean age, 19.1 years; SD, 11.7) were traced.
The distribution of clinical malocclusion types was as
follows: 12 Class |, 8 Class Il division 1, 29 Class I
division 2, and 1 Class Ill. Table 1 shows the means
and standard deviations (SD) of all cephalometric
measurements obtained with Viewbox and apps at
both sessions.

Validity

The variables SN to GoGn and L1 to NB (mm) as
measured by both apps significantly differed from the
Viewbox values. U1 to NA (mm) in OneCeph was
significantly different compared with Viewbox (Table
2). The ICC of the comparison between OneCeph and

Table 1. Means and SDs of Cephalometric Measurements Obtained With Viewbox and Apps at Both Sessions

Viewbox OneCeph CephNinja

Session 1 Session 2 Session 1 Session 2 Session 1 Session 2

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
SNA, ° 81.62 (4.66) 81.64 (4.56) 81.27 (4.38) 81.36 (4.61) 81.38 (4.74) 81.17 (4.66)
SNB, ° 77.78 (4.39) 77.82 (4.30) 77.57 (4.30) 77.58 (4.34) 77.61 (4.41) 77.32 (4.31)
ANB, ° 3.85 (2.38) 3.82 (2.38) 3.70 (2.30) 3.79 (2.37) 3.77 (2.44) 3.84 (2.34)
Sn to GoGn, ° 29.64 (6.44) 30.51 (6.61) 31.17 (9.45) 31.31 (6.68) 30.86 (6.52) 30.84 (6.38)
Ul to NA, ° 22.42 (10.32) 21.41 (10.15) 21.80 (10.07) 21.75 (9.69) 21.63 (9.73) 21.28 (9.84)
U1 to NA, mm 6.26 (4.70) 6.10 (4.63) 5.91 (4.95) 5.40 (4.48) 5.61 (3.10) 5.56 (2.98)
L1 to NB, ° 27.75 (8.91) 28.27 (8.60) 26.55 (10.38) 27.28 (8.81) 28.16 (9.00) 27.43 (8.80)
L1 to NB, mm 6.54 (3.95) 6.51 (3.70) 6.05 (5.13) 6.04 (3.59) 5.18 (2.41) 5.22 (2.47)
Interincisal angle, ° 125.99 (15.11) 126.44 (14.75) 127.21 (15.05) 127.20 (14.85) 126.74 (15.37) 127.79 (15.69)
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Table 2. Repeated-Measures Analysis of Variance and ICC of Measurements Obtained with Viewbox and Apps During the First Session With

Viewbox as Reference

OneCeph CephNinja
n (%) Patients n (%) Patients
With Difference With Difference ICC

in Measurements Indicating

[Lower-Upper

in Measurements Indicating [Lower-Upper

Measurement? Possible Clinically Relevant Difference® 95% Cl] Possible Clinically Relevant Difference® 95% Cl]
SNA, ° 5 (10) .971 [.950-.984] 6 (12) .961 [.933-.978]
SNB, ° 3 (6) .983 [.969-.990] 1(2) .978 [.961-.987]
ANB, ° 1(2) .949 [.911-.970] 3 (6) .935 [.889-.963]
Sn to GoGn, ° 22 (44) .925 [.679°-.972] 19 (38) .934 [.831-.969]
U1 to NA, ° 25 (50) .957 [.926-.976] 22 (44) .954 [.920-.974]
U1 to NA, mm 20 (40) .903 [.806-.948] 22 (44) .814 [.691°—.891]
L1to NB, ° 22 (44) .956 [.923-.975] 18 (36) .958 [.928-.976]
L1 to NB, mm 8 (16) .940 [.883-.968] 21 (42) .786 [.414°—.905]
Interincisal angle, ° 28 (56) .966 [.938-.981] 27 (54) .970 [.948-.983]

2 The unit of measurement is angles (°), unless otherwise specified.

® A clinically relevant difference was considered in case the (mean) difference was >2° and >2 mm for angular and linear measurements,

respectively.2*?'
° Values with unacceptable reliability (ie, <.7)."

Viewbox ranged from .903 to .983 (Table 2). The lower
border of the 95% CI of SN to GoGn was below .7 and
those of U1 to NA (mm) and L1 to NB (mm) were below
.9. The ICC of the comparison of CephNinja to
Viewbox ranged from .786 to .978 (Table 2). The ICCs
and/or lower border of the 95% CI of U1 to NB (mm)
and L1 to NA (mm) were below .7 and of ANB as well
as SN to GoGn were below .9. Plots did not reveal
systematic bias in any of the measurements (Figure 2),
except for U1 to NA (mm) and L1 to NB (mm). When
measuring U1 to NA (mm) with OneCeph and when
measuring L1 to NB (mm) with either OneCeph or
CephNinja, measurements were systematically lower
compared with those obtained from Viewbox. In
addition, this discrepancy was larger for higher U1 to
NA (mm) and L1 to NB (mm) measurements, as the
linear trend shows (Figure 2).

Exploring outliers showed that they were not related
to one specific cephalogram/patient. The percentage of
patients for which a clinically relevant difference was
found when compared with the reference values
ranged from 2% for ANB in the case of OneCeph vs
Viewbox and for SNB in the case of CephNinja vs
Viewbox, to 56% and 54% for the interincisal angle for
OneCeph and CephNinja, respectively (Table 2).

Intratool Reliability

Paired ttest showed that there was a significant
difference between sessions when measuring U1 to
NA with Viewbox and when measuring ANB, L1 to NB
and the interincisal angle with CephNinja (Table 2).
The ICC values for intratool reliability ranged from .647
to .993 (Table 3). For Viewbox, the lower border of the
95% CI of SN to GoGn was below .9. For OneCeph,
ANB, SN to GoGn, U1 to NA, L1 to NB, and L1 to NB
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(mm) presented with ICC and/or lower border of the
95% CI below the accepted cutoffs (Table 3). For
CephNinja, none of the values were below .9. Plots did
not reveal any pattern.

DISCUSSION

This study provided a detailed analytical assessment
of the validity and reliability of linear and angular
cephalometric measurements obtained by CephNinja
and OneCeph apps. Overall, both cephalometric
analysis apps performed satisfactorily, suggesting the
potential use of easy-to-reach digital technology to
make cephalometrics more readily accessible. Strictly
looking at the number of app measurements below the
acceptable cutoffs for research and clinical practice,
OneCeph might be considered a slightly more valid
alternative to Viewbox than CephNinja. On the other
hand, fewer CephNinja measurements indicated sig-
nificant differences in comparison with Viewbox, with
SN to GoGn and L1 to NB (mm) being significantly
differently measured by either app. Regarding reliability
testing, in contrast to OneCeph and Viewbox, no
CephNinja value fell below the recommended cutoffs
for reliability.?" Consequently, CephNinja seems to be
the most reliable of all three tools, in clinical terms, for
cephalometric analysis.

The observed differences in ANB, SN to GoGn, U1
to NA (mm), and L1 to NB (mm) may reflect either the
difficulty in locating the associated cephalometric
points or technical discrepancies between the two
apps. Inconsistencies in defining the landmarks N,**
Gn, Go, and lower incisor apex®*2® and the linear
measurements U1 to NA and L1 to NB*® have been
repeatedly reported for manual and computerized
methods. Interestingly, CephNinja, unlike OneCeph,
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Table 2. Extended

Post Hoc P Value

Overall Viewbox vs Viewbox vs
P Value OneCeph CephNinja
194 101 .204
215 .086 .203
.681 557 .523
<.001 <.001 <.001

.089 102 .064
.015 .002 .059
.040 .206 273
<.001 .005 <.001
.052 .027 154

does not have incorporated features to assist the user
with relocating points on the mobile touchscreen in
case of wrong identification.

Evaluation of cephalometric measurements deriving
from two apps installed on an iPad (ie, CephNinja and
SmartCeph) compared with Pro Dolphin Imaging
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computer software showed statistically significant
differences in 56.3-62.5% of the measurements.™
Other investigators who compared conventional man-
ual cephalometric tracings with those acquired with
CephNinja detected statistically significant differences
in 9 of 13 variables.” These authors, however,
interpreted the results differently by either claiming
arbitrarily clinical relevant differences' or not."* A third
cephalometric study revealed high agreement for all
measurements obtained with an iPad app (ie, Smile-
Ceph), computer-aided software (ie, NemoCeph), and
manual tracing.” It must be emphasized that deter-
mining thresholds of clinical relevant differences for
cephalometric measurements varies greatly in the
literature and is mostly empirically based. However, a
difference of less than two units of measurement
(millimeters or degree) is deemed to be within clinically
acceptable limits.?*23

Multidisciplinary consultation using smartphone
cephalometric analysis apps may be beneficial in
distant rural areas with a high need for orthodontic
and orthognathic surgery care and rare or totally

Table 3. Paired tTest and ICC of Measurements Obtained With All Three Software During the First and Second Session

Number (%) of Patients

With Difference

in Measurements Indicating

ICC

Possible Clinically Relevant Difference® P Value [Lower-Upper 95% Cl]
Viewbox
SNA, ° 1(2) .859 .988 [.979-.993]
SNB, ° 0 (0) .543 .993 [.987-.996]
ANB, ° 1) 542 .987 [.977-.992]
Sn to GoGn, ° 10 (20) .002 .951 [.897-.975]
U1 to NA,° 25 (50) .005 .968 [.936-.983]
U1 to NA, mm 2 (4) 222 .982 [.968-.989]
L1to NB, ° 23 (46) .186 .951 [.915-.972]
L1 to NB, mm 0 (0) .733 .987 [.977-.993]
Interincisal angle, ° 24 (48) .305 .979 [.963-.988]
OneCeph
SNA, ° 4 (8) .536 .972 [.952-.984]
SNB, ° 2 (4) .899 .988 [.980-.993]
ANB, ° 4 (8) .536 .921 [.866—-.955]
Sn to GoGn, ° 14 (24) .887 .658° [.466°—.791]
U1 to NA,° 12 (24) .862 .974 [.955-.985]
U1 to NA, mm 12 (24) .330 .701 [.529°—.818]
L1 to NB, ° 13 (26) .303 .867 [.778-.922]
L1 to NB, mm 8 (16) 979 .647° [.451°—.784]
Interincisal angle, ° 17 (34) .964 .988 [.979-.993]
CephNinja
SNA, ° 4 (8) .206 .967 [.943-.981]
SNB, ° 4 (8) .065 .969 [.945-.983]
ANB, ° 2 (4) .047 .955 [.923-.974]
Sn to GoGn, ° 13 (26) .937 .965 [.939-.980]
U1 to NA,° 19 (38) .205 .981 [.966-.989]
U1 to NA, mm 2 (4) .706 .965 [.939-.980]
L1to NB, ° 12 (24) .004 .978 [.957-.989]
L1 to NB, mm 1(2) .650 .961 [.932-.977]
Interincisal angle, ° 25 (50) .007 .984 [.968-.991]

2 Clinically relevant difference (ie, mean difference >2° and >2 mm for angular and linear measurements, respectively).2°?'

° Values with unacceptable reliability (ie, <.7).

Angle Orthodontist, Vol 89, No 6, 2019
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Figure 2. Plots of the measurements obtained with Viewbox (reference standard) against the difference of the measurements obtained with
Viewbox and each app (ie, Viewbox-OneCeph and Viewbox-CephNinja). The intermittent lines indicate the cutoff for clinically relevant
differences, that is, >2° for angular and >2 mm for linear measurements.

unavailable specialized oral health services. Providing
orthodontic expertise to general dental practitioners
serving disadvantaged children via teleconferencing
has been proven to be successful at improving the
accurate diagnoses of malocclusions and appropriate

referrals.30-2

Angle Orthodontist, Vol 89, No 6, 2019

Given the increasing exposure of young generations
to technology and the widespread use of dentistry-
related mobile apps by students, practitioners, and
patients to obtain information, apps can supplement
traditional teaching methods as part of the TEL

approach. In this way, training in cephalometrics can
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take place away from traditional learning locations. In
addition, the flexibility of the mobile platform enhances
a more interactive and personalized education.®® In
other words, residents and dental students can adjust
learning to meet personals needs, revise when
needed, deepen areas of special interest, and skip
areas of prior knowledge.

Despite the plausible advantages of implementing
smartphone cephalometric analysis apps in orthodon-
tic/orthognathic practice and education, the current
state of mobile health apps and, particularly, legislative
and technical issues calls for attention. For example,
the existing laws for approving health-related apps are
applicable only to a limited number of apps.** The
number of features, diversity of information, and rapid
development of the mobile health app industry hinder
timely and reliable certification.®® To address the
absence of control mechanisms, several measures
have been recommended, for example, formation of
research groups to work on developing evaluation tools
for mobile health apps, guidance from governmental
organizations, or creation of internal app stores to
promote the use of appropriately vetted apps.® In this
context, assessment based on usability scores® and
consulting peer review websites, blogs, and social
networks for e-mobile practice updates® have been
also proposed. The limited battery life and memory
space of mobile devices, computer viruses including
spyware, data leakage,* as well as lack of availability
of apps on smartphones with different operating
systems may further complicate the application of
mobile apps in everyday practice.

Strengths and Limitations

The sample size, extent of the repeated measure-
ments, robustness of statistical methods, and masking of
patient identifiers applied in this investigation are
deemed more advantageous compared with similar
research.’®'* As in the study of Goracci and Ferrari,'
the long experience in cephalometrics and on-screen
digitization of the examiner who performed all tracings
might have also contributed to the more favorable results,
since it is well-recognized that the operator’s experience
in landmark identification affects cephalometric mea-
surements.?**” The selected cephalometric landmarks
need to be considered when interpreting the results of
such research. While other authors included the most
easily locatable points to further minimize errors,' this
study engaged variables from a widely used cephalo-
metric analysis?® to resemble real-life practice and to test
without distinctions the performance of the apps.

In accordance with previous studies,'>'* the involve-
ment of one observer well-trained in digital cephalo-
metric tracing was deliberately chosen to eliminate
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variability in results consequent to different observers,
since the present study aimed to investigate the
reliability of the different tools used for cephalometric
analysis. Although such a decision might be initially
considered a limitation, it was actually an asset of the
study design. In the case of multiple observers,
interindividual differences in competence in using
mobile apps as well as in cephalometric experience
would have influenced the results.

Recommendations for Future Research

Hypothetically, and regardless of the app design that
allows image magnification and adjusting brightness/
contrast, the larger viewing screen of tablets and the
use of a stylus to digitize the landmarks may be more
operator friendly compared with smartphones. Future
research should focus on assessing the performance
of app versions installed on smartphones vs tablets.
App engineers need to optimize the ease of use of
cephalometric analysis apps operating on smart-
phones, especially to simplify landmark relocation. To
further generalize the current findings, it would be
useful to run studies on the feasibility of app-based
cephalometric analysis, namely, the time required to
complete cephalometric analysis using apps compared
with computer-aided software.

CONCLUSIONS

« Smartphone cephalometric analysis apps perform
satisfactorily in terms of validity and reliability.

« OneCeph is highly valid when compared with View-
box as a gold standard, while CephNinja is the most
reliable one.

« Further development of smartphone apps for ceph-
alometrics may assist specialty training and interpro-
fessional communication.
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