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Reproducibility of measurements in tablet-assisted, PC-aided,
and manual cephalometric analysis

Cecilia Goracci?; Marco Ferrari®

ABSTRACT

Objective: To assess the reproducibility of cephalometric measurements performed with software
for a tablet, with a program for personal computers (PCs), and manually.

Materials and Methods: The pretreatment lateral cephalograms of 20 patients that were acquired
using the same digital cephalometer were collected. Tracings were performed with NemoCeph for
Windows (Nemotec), with SmileCeph for iPad (Glace Software), and by hand. Landmark
identification was carried out with a mouse-driven cursor using NemoCeph and with a stylus pen on
the iPad screen using SmileCeph. Hand tracings were performed on printouts of the
cephalograms, using a 0.3-mm 2H pencil and a protractor. Cephalometric landmarks and linear
and angular measurements were recorded. All the tracings were done by the same investigator. To
evaluate reproducibility, for each cephalometric measurement the agreement between the value
derived from NemoCeph, that given by SmileCeph and that measured manually was assessed with
the intraclass correlation coefficient (ICC). Agreement was rated as low for an ICC =0.75, and an
ICC > 0.75 was considered indicative of good agreement. Also, differences in measurements
between each software and manual tracing were statistically evaluated (P < .05).

Results: All the measurements had ICC >0.8, indicative of a high agreement among the tracing
methods. Relatively lower ICCs occurred for linear measurements related to the occlusal plane and
to N perpendicular to the Frankfurt plane. Differences in measurements between both software
programs and hand tracing were not statistically significant for any of the cephalometric
parameters.

Conclusion: Tablet-assisted, PC-aided, and manual cephalometric tracings showed good
agreement. (Angle Orthod. 2014;84:437-442.)
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INTRODUCTION

Currently, cephalometric analyses for orthodontic
diagnosis, treatment planning, and research are often
performed on digital images by means of computer
softwares. Digital technology has introduced several
benefits in cephalometric radiology, as it enables
instantaneous image acquisition, requires a lower
radiation dose,’ avoids the developing process, and
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simplifies image storing and sharing.? Moreover, the
quality of digital cephalograms can be improved using
digital tools for image enhancement.®*

Additionally, the use of cephalometric tracing softwares
on screen-displayed digital images has been considered
advantageous in many regards. In computerized cepha-
lometric analysis, once the requested landmarks have
been entered, the software automatically calculates
distances and angles, thus eliminating errors that may
occur in hand tracing when drawing lines with a ruler and
measuring angles with a protractor.>”® Furthermore,
collecting computer-assisted cephalometrics is less
time-consuming than manual tracing,®® and it allows the
user to obtain several analyses at a time.® In addition,
digital archiving overcomes the problem of film deterio-
ration.®® Earlier studies have assessed the reproducibility
of measurements in manual versus computer-aided
cephalometric analysis.>¢#2°

However, as new programs for computerized ceph-
alometry are continuously launched, their accuracy
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needs to be validated against that of previously
marketed softwares and against traditional hand
tracing. Lately, a software for digital tracing has been
made available as an application for iPad. A distinctive
feature of this software is that landmark identification is
carried out by touching the tablet screen with a finger
or by using a stylus pen. Conversely, with all the other
marketed softwares points are digitized by means of
a mouse-driven cursor. As landmark identification has
been reported to be the main source of error in
cephalometric analysis,®?' it seemed worth verifying
whether digitizing the points directly on the tablet touch
screen is a reliable method. With this objective, the
reproducibility of cephalometric measurements provid-
ed by the tablet, by marketed software for personal
computers (PCs), and by hand-tracing was assessed.
The tested null hypothesis was that linear and angular
measurements derived from tablet-assisted, PC-aided,
and manual cephalometrics did not disagree to a
statistically significant level.

MATERIALS AND METHODS

Pretreatment lateral cephalometric radiographs of
20 patients acquired using the same digital cephalom-
eter (Gendex Orthoralix 9200 DDE, Gendex Dental
Systems, Des Plaines, lll; magnification X1.1) were
collected. The subjects had been positioned in the
cephalostat with the sagittal plane at a right angle to
the path of the X-rays, the Frankfurt plane parallel to
the floor, the teeth in centric occlusion, and the lips
pressed lightly together. No differentiation was made
for gender, type of occlusion, or skeletal pattern.

The following sample exclusion criteria were estab-
lished: no unerupted or partially erupted teeth that could
hinder incisor apex identification and no poor-quality
images or artifacts that could interfere with anatomic
point identification. Digital tracings were performed
using NemoCeph NX 2009 for Windows (Nemotec,
Madrid, Spain)® and SmileCeph for iPad (Glace
Software, Imola, Italy). Before entering the landmarks,
cephalograms were calibrated by digitizing two points
on the length-measuring gauge within the digital
cassette. Landmark identification was carried out with
a mouse-controlled cursor using NemoCeph and with a
stylus pen on the iPad screen using SmileCeph.

In hand tracing, for the purpose of standardization,
no change in resolution, contrast, or brightness was
made to digital cephalograms before printing. After
resizing to 1:1 scale with Adobe Photoshop (Adobe
Systems, San Jose, Calif), digital images were printed
on semigloss paper for high-quality photographic
images (Hewlett-Packard, Palo Alto, Calif)® using a
2400 dpi color laser printer (Canon Laser I-sensys
Lbp-6020, Tokyo, Japan). Manual tracings were
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performed on a clear acetate sheet placed over the
printed image and using a 0.3-mm 2H lead pencil and
a protractor (3M Unitek, Monrovia, Calif). Bilateral
structures were averaged to make a single landmark.
All the tracings were performed by the same investi-
gator, an orthodontist who had long experience with
cephalometrics. No more than 10 radiographs per day
were traced to avoid examiner fatigue.® Commonly
used dental and skeletal landmarks were selected and
produced the linear and angular measurements listed
in Table 1 and shown in Figure 1. To assess reliability,
all the cephalograms were retraced by the same
investigator with each method. A time interval longer
than 6 weeks elapsed between first and second
analyses.

Statistical Analysis

To determine intrarater reliability for each tracing
technique, the intraclass correlation coefficient (ICC) of
repeated measurements was calculated for every
cephalometric variable.®*® To evaluate reproducibility
for each cephalometric parameter, the agreement
between the value derived from NemoCeph, that given
by SmileCeph, and that measured manually was
assessed with the ICC.*592° Agreement was rated as
low for an ICC =lower than 0.75. Conversely, an ICC
> 0.75 was considered indicative of good agree-
ment.>?2 Also, differences in measurements between
each software and manual tracing were evaluated
using the ttest for independent samples after prelim-
inarily checking that data distribution was normal in
each group.®® For the same purpose, the Mann-
Whitney U test was used in case the data distribution
was not found to be normal (variables Pog to N
perpendicular to the Frankfurt plane and U1ASNA-
SNP). The level of statistical significance was set at P
< .05. The statistical analyses were handled by the
software Statistical Package for Social Sciences
version 11.0 (SPSS Inc, Chicago, IL).

RESULTS

The ICC values calculated for repeated measure-
ments with each tracing technique are reported in
Table 2. All ICCs exceeded 0.85, and most values
were above 0.9, thus providing an indication of very
high intrarater reliability.®

The ICC values of cephalometric measurements
recorded with the three tracing techniques are reported
in Table 3. All the cephalometric parameters had ICC
>0.8, indicative of a high agreement among the tracing
methods. Most of the ICCs actually exceeded 0.9. The
highest values of correlation were noticed for the SNA,
SNB, ANB angles, and for the linear distances of
incisor tip to A-Pog. The lowest ICCs occurred for
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Table 1. Description of Landmarks, Planes, and Measurements Used in the Study

Description

Landmark
Sella (S)
Nasion (N)
Point A (A)

Point B (B)

Porion (Po)
Orbitale (Or)
Pogonion (Pog)
Menton (Me)
Gonion (Go)

Gnathion (Gn)

Anterior nasal spine (ANS)
Posterior nasal spine (PNS)
Lower first molar (M)

Lower first premolar (P)
Upper incisor tip (U1)
Upper incisor apex (U1R)
Lower incisor tip (L1)

Planes

Anterior cranial base plane (S-N)
Frankfurt plane (Po-Or)
Mandibular plane (Go-Gn)
Palatal plane (ANS-PNS)
Occlusal plane (M-P)
Upper incisor axis (U1-U1R)
N perpendicular to Frankfurt plane
A-Pog line

Angular measurements
SNA
SNB
ANB
SNAGo-Gn
SNA-SNPAGo-Gn
U1ASNA-SNP

Linear measurements

A to N perpendicular to Frankfurt plane
Pog to N perpendicular to Frankfurt plane

Wits
U1 to APog
L1 to APog

The midpoint of Sella Turcica

Junction of the frontal and nasal bones at the naso-frontal suture

The deepest point in the concavity of the anterior maxilla between the anterior nasal
spine and the alveolar crest

The deepest point in the concavity of the anterior mandible between the alveolar crest
and Pogonion

The most superior point on the bony external auditory meatus

The most inferior point on the infraorbital margin

The most anterior point on the bony chin

The most inferior point on the bony chin

The most outward point on the angle of the mandible formed by the junction of the
ramus and the body of the mandible

Midpoint between Me and Pog

Tip of the anterior nasal spine

Tip of posterior nasal spine

Tip of the mesial cusp of the lower first molar

Tip of the buccal cusp of the lower first premolar

Tip of the crown of the upper central incisor

Root apex of the upper central incisor

Tip of the crown of the lower central incisor

Angle determined by points S, N, A

Angle determined by points S, N, B

Angle determined by points A, N, B

Angle between the anterior cranial base plane and the mandibular plane
Angle between the palatal plane and the mandibular plane

Angle between the upper incisor axis and the palatal plane

Perpendicular distance from point A to N perpendicular to Frankfurt plane
Perpendicular distance from Pog to N perpendicular to Frankfurt plane
Perpendicular distance between the projections of points A and B on the occlusal plane
Perpendicular distance from the upper incisor tip to the A-Pog line

Perpendicular distance from the lower incisor tip to the A-Pog line

linear measurements related to the occlusal plane and
to N perpendicular to Frankfurt plane. Table 4 reports
means and standard deviations of the differences in
measurements between either software and manual
tracing as well as between the two softwares. The t-
test revealed that for all the assessed cephalometric
parameters, statistically similar amounts of difference
from manual tracing occurred using either software
(P > .05).

DISCUSSION

Based on the outcome of the statistical analyses, the
formulated null hypothesis fails to be rejected. The

finding of ICC values >0.8 for all the assessed
variables points out that the reproducibility of cepha-
lometric tracings recorded manually, with NemoCeph,
and with SmileCeph was satisfactory. The lack of
statistical significance of the differences in measure-
ments between both computerized methods and hand
tracing reinforces the evidence that the tested soft-
wares can be reliably used in orthodontic diagnosis.
Among several advantages of digital cephalometry,
time saving and ease of use are much appreciated by
clinicians. Increased user-friendliness was a specific
objective in the development of SmileCeph, the
cephalometric software for iPad that provides greater
portability than a PC. However, the peculiar method of

Angle Orthodontist, Vol 84, No 3, 2014



440

Figure 1. Location of landmarks, planes, and measurements used in
the study. S indicates Sella; N, Nasion; A, point A; B, point B; Po,
Porion; Or, Orbitale; Pog, Pogonion; Me, Menton; Go, Gonion; Gn,
Gnathion; ANS, anterior nasal spine; PNS, posterior nasal spine; M,
lower first molar; P, lower first premolar; U1, upper incisor tip; U1R,
upper incisor apex; L1, lower incisor tip.

landmark digitization by touching the tablet screen
needed to be tested in an independent study. The
observation that the measurements obtained in the
tablet-assisted analysis agreed well with those derived
from the other tracing methods validates the use of the
iPad application for gathering cephalometrics.

Both NemoCeph and SmileCeph allow for image
enhancement through adjustments of magnification,
contrast, and brightness. Moreover, both software
programs feature a digital tool to correct landmark
position after the initial digitization. Any procedure
helpful to refine landmark identification is indeed
beneficial, as point location remains the main source
of error in cephalometry.?’

The finding of relatively lower correlation coefficients
for distances to Nasion perpendicular to Frankfurt
plane has also been reported in previous studies.?%2°
The explanation for this occurrence was that the
Frankfurt plane is defined by Porion and Orbitale,
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Table 3. Intraclass Correlation Coefficients (ICCs) of the
Cephalometric Measurements Derived from Tablet-assisted, PC-
Aided, and Manual Tracing for Assessing Reproducibility

Measurement ICC
SNA 0.984
SNB 0.980
ANB 0.984
SNAGoGn 0.971
SNASNPAGoGn 0.956
U1ASNASNP 0.952
A to N perpendicular to Frankfurt plane 0.938
Pog to N perpendicular to Frankfurt plane 0.868
Wits 0.875
U1 to APog 0.991
L1 to APog 0.986

landmarks sometimes not clearly identifiable in a
cephalogram.®®'22023 Gimilar difficulties may be en-
countered in the definition of the occlusal plane'® and
this may account for the relatively lower intermethod
agreement observed for Wits measurements. In
contrast to the finding of Santoro et al.,'® who reported
a significant difference between digital and manual
measurements of L1 to A-Pog, in the present study this
cephalometric parameter showed very high reproduc-
ibility with an ICC value of 0.986.

Because standardization is crucial in comparative
studies and interexaminer error has been reported to be
greater than intraexaminer error,” only one operator
should be involved with all the cephalometric measure-
ments.>¢ This indication was strictly followed in the
present study. The intention to minimize errors also
guided the choice of the landmarks used in this
investigation. Following the indications of previous
studies,®* the most easily locatable points in analyses
featured by both softwares were selected. As the lower
incisor apex has often been reported to be affected by
the superimposition of other anatomic structures and to
have poor reproducibility,*** the measurement of the
lower incisor angulation was omitted in the present study.
Based on similar considerations, measurements involv-
ing the point Condylion were not included in the analysis.*

Table 2. Intraclass Correlation Coefficients (ICCs) of Repeated Cephalometric Measurements in Tablet-Assisted, PC-Aided, and Hand Tracing

for Assessing Intrarater Reliability

Measurement ICC for SmileCeph ICC for NemoCeph ICC for Manual Tracing
SNA 0.980 0.981 0.986
SNB 0.976 0.977 0.972
ANB 0.974 0.978 0.975
SNAGoGn 0.975 0.983 0.984
SNASNPAGoGn 0.960 0.968 0.978
U1ASNASNP 0.953 0.931 0.978
A to N perpendicular to Frankfurt plane 0.965 0.978 0.974
Pog to N perpendicular to Frankfurt plane 0.974 0.978 0.979
Wits 0.853 0.860 0.946
U1 to APog 0.989 0.984 0.995
L1 to APog 0.995 0.966 0.989
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Table 4. Differences in Cephalometric Measurements Between Either Software and Hand Tracing (Columns 2 and 3) and Between the Two
Softwares (Column 5)*

SmileCeph vs Manual NemoCeph vs Manual SmileCeph vs
Measurement Tracing Difference Tracing Difference P NemoCeph Difference
SNA 0.51 = 0.54 0.41 = 0.66 .62 0.09 = 0.83
SNB 0.46 + 0.56 0.28 = 0.77 .40 0.18 = 0.72
ANB 0.04 + 0.42 0.12 + 0.58 .64 —0.07 = 0.45
SNAGo-Gn 0.06 + 1.89 0.70 = 1.254 .21 -0.63 * 1.32
SNA-SNPAGo-Gn 0.98 + 1.84 1.06 = 1.1 .87 -0.07 = 1.38
U1ASNA-SNP —0.84 (—2.2t0 0.12) —0.65 (—2.45 to 0.85) 72 -0.33 * 2.17
Perpendicular distance from point A to N
perpendicular to the Frankfurt plane 0.50 = 1.37 0.01 = 0.92 19 0.48 = 1.61
Perpendicular distance from Pog to N
perpendicular to the Frankfurt plane 0.17 (—0.47 to 4.33) 0.05 (—0.55 to 0.65) .36 1.92 + 3.93
Wits -0.14 = 1.79 —0.34 = 1.38 .70 0.19 + 1.56
U1 to APog 0.06 + 0.44 0.12 = 0.50 .69 —0.06 *= 0.39
L1 to APog 0.02 + 0.47 —0.19 + 0.58 13 0.21 = 0.47

* Mean = standard deviation; median (25th percentile to 75th percentile).

CONCLUSION

« Tablet-assisted cephalometry showed good agree-
ment with PC-aided cephalometry and with manual
tracing and might be preferred when user-friendli-
ness and portability are prioritized.
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