TURKISH JOURNAL of

ORTHODONTIC DOI: 10.5152/TurkJOrthod.2019.18038

ORIGINAL ARTICLE

Comparative Evaluation of Conventional and OnyxCeph™
Dental Software Measurements on Cephalometric
Radiography

Elif izgi* (2, Filiz Namdar Pekiner'

'Department of Oral Diagnosis and Radiology, Medipol University School of Dentistry, Istanbul, Turkey
’Department of Oral Diagnosis and Radiology, Marmara University School of Dentistry, Istanbul, Turkey

Cite this article as: izgi E, Pekiner FN. Comparative Evaluation of Conventional and OnyxCeph™ Dental Software Measurements on Cephalometric Radi-
ography. Turk J Orthod 2019; 32(2): 87-95.

ABSTRACT

Objective: Cephalometry can be measured with traditionally conventional analysing methods (hand tracing), as well as using com-
puters. Many dental softwares have been developed for this purpose. The reliability of these programs are often compared with the
conventional method. The aim of the present study was to compare the conventional method of manual cephalometric analysis with
a computerized one, OnyxCeph ™ (Image Instruments, Chemnitz, Germany) dental software.

Methods: Lateral cephalometric radiographs of 150 patients (75 males and 75 females) age range 12-34 were traced by two methods.
Conventional method and computerized (OnyxCeph) cephalometric analysis method. 2 maxillar, 3 mandibular, 2 maxillo-mandibular,
3 vertical, 7 dental and 1 soft tissue parameters; 10 angular, 8 linear totally 18 cephalometric parameters were measured. Intra-class
correlation coefficients were performed for both methods to assess the reliability of the measurements.

Results: The results 9 of 18 parameters were found statistically significant. They were Cd-A distance, Cd-Gn distance, Go-Me dis-
tance, GoGnSN angle, ANS-Me distance, upper incisor-NA distance, lower incisor-NB distance, lower incisor-NB angle, overbite
distance.

Conclusion: Despite some discrepancies in measured values between hand-tracing cephalometric analysis method and the
OnyxCeph cephalometric analysis method, statistical differences were minimal and only Cd-A, Cd-Gn, Go-Me, ANS-Me, GoGnSN°®
were clinically important for cephalometric analysis OnyxCeph was evaluated as an efficient method to replace conventional
method.
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INTRODUCTION

Cephalometric radiography is important diagnostic method that determines the morphology, development,
and diagnosis in dental or skeletal abnormalities. It is used for treatment planning, evaluating the results of treat-
ment, relationship between dental and cranial structures and identification of malocclusion (1-3). Three different
methods are used to evaluate the cephalometric radiographs. The conventional cephalometric analysis is one of
the methods, which is performed by tracing radiographic landmarks on acetate overlays and measuring linear
and angular values. The second one is a computer-aided cephalometric analysis method, which uses scanners
or digital cameras for exporting cephalometric images to measurement programs and anatomical structures
marked with a mouse cursor on a computer monitor. The third method is a fully digital method, which transmits
digital radiographs directly to a computer database, and a cephalometric program determines the anatomical
structures and completes the cephalometric analysis by measuring distances and angles through automation
(4-9).
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However, cephalometric analysis has some limitations. It produc-
es errors during radiographic image acquisition or cephalomet-
ric tracing. Cephalometric errors can be categorized into projec-
tion errors (acquisition), identification errors, and measurement
errors (2, 5, 10-13). Projection errors under magnification and
distortion titles contain patient positioning errors, exposure
position, differences in exposure parameters, collimation, bath
conditions, and differences in film shooting methods. Errors
during the digitization of the image are also considered (2, 5, 6,
11, 14-18). A study by Gaddam et al. (19) investigated the projec-
tion errors in lateral cephalometric radiographs. Ten skulls and 8
cephalometric parameters were evaluated, and head rotations
from 0° to —20° at 5° intervals in the vertical axis were performed.
They concluded that according to the head rotation, angular
measurements had fewer projection errors than linear measure-
ments. Further evidence was from a study by Yoon et al. (20),
which evaluated 17 skulls and 8 parameters to identify potential
projection errors of lateral cephalometric radiographs according
to the head rotation. Each skull was rotated from 0° to £15° at
1% intervals in the vertical axis. The results were consistent with
those of Gaddam et al. (19). Measurement errors were affected
by the measuring device (ruler, protractor, etc.), technique (re-
cording or archiving of measurements), or investigator (limita-
tion in visual performance or fault in measuring) (2, 5, 6, 11, 18,
21). These errors mostly have been eliminated by the spread
of digital analyzing methods (11). Landmark identification er-
rors are the most common and important errors in the analysis.
These errors involve radiographic image quality (sharpness, blur,
contrast, and noise), differences depending on the researchers
(intra-observer: light, time constraints, psychological conditions;
inter-observer: their experience or perspective differences), pre-
cision of landmark identification, and reproducibility of the loca-
tion. Errors less than 0.5 mm are considered acceptable anatomi-
cal landmark errors (2,5, 6,8, 11, 15-18, 21, 22-25). The landmarks
are located on the outline of the cranium, which are compara-
tively easy to identify, whereas the internal structures were more
difficult to identify because of the summation of superimposed
anatomical details (14).

Computerized systems for cephalometric analysis were routinely
performed, and many analysis programs have been developed
to date (26). Various studies have been compared to a variety
of computer-aided cephalometric analysis programs using the
conventional cephalometric analysis method for reliability and
reproducibility in literature (11, 12, 23, 27). However, no clear
consensus has been achieved regarding the standard method.
McClure et al. (28) evaluated 19 landmarks on 6 patients with an
age range of 21-30 years to compare identification errors with
the conventional analysis method and the Dolphin Imaging
software. It was emphasized that even the statistically significant
differences between the two methods of image acquisition were
unlikely to attain clinical significance. Cavdar et al. (29) compared
the conventional cephalometric analysis using Jiffy Orthodontic
Evaluation (JOE®) and QuickCeph® computerized cephalometric
programs and used 90 lateral cephalograms with 18 parameters.
The authors justified that the computer-aided method may be
preferable because of the benefits, such as time gain, archiving,
and enhancement of radiographs. Akin et al. (30) compared intra

and interexaminer reliability of 19 parameters obtained from 60
lateral cephalometric radiographs using the conventional and
QuickCeph computerized cephalometric analysis methods. It
was determined that computerized cephalometric analysis did
not increase the measurement error compared to the conven-
tional method. Rusu et al. (31) assessed 39 lateral cephalograms
with three different computerized programs: Planmeca Romexis,
Orthalis, and AxCeph. They reported that Romexis and AxCeph
give more reliable results than Orthalis.

OnyxCeph™ dental Picture Archiving Communication Systems
was developed for archiving, diagnostics, treatment planning,
and patient education. This software program is based on
two-dimensional (2D) and 3D data processing. Image import,
image adjust (classify and crop image), cephalometric analysis
and measurements, mirror image, model base (adjust models
and attach base), segmentation (separation and completion)
Ricketts Visual Treatment Objective, superimposition, image
edit, data export, copy/save/send/show/print image, treatment
simulation, slide show, online/offline reports are possible with
this 2D and 3D image data (32).

Davoudian (32) examined and compared the reliability and re-
producibility of digitization using the OnyxCeph imaging soft-
ware with conventional techniques through 21 parameters in 30
lateral cephalograms. It was determined that all measurements
showed good reliability in both methods except for the nasola-
bial angle in the manual method.

Although researchers have studied several software programs
based on computerized cephalometry, there are few studies
based on the OnyxCeph software (32). The aim of the present
study was to compare the conventional cephalometric analysis
method and a computerized cephalometric analysis method
with the OnyxCeph dental software.

METHODS

In this retrospective study, lateral cephalometric radiographicim-
ages were gathered from a total of 150 participants (75 females
and 75 males) with an age range of 12-34 years. The inclusion
criteria were patients without any missing teeth based on the
records for the period 2013-2016 in the archives of the Marma-
ra University School of Dentistry, Department of Radiology. The
exclusion criteria were participants with systemic disease, which
may adversely affect their bone development; pathological con-
ditions, such as cysts and tumors; and a history of a trauma or
injury in the oral and maxillofacial regions. Ethical approval was
obtained from the ethics committee of the Marmara University
School of Medicine (Protocol 092015128 2015/9:128).

All lateral cephalometric radiographs were acquired from the
same orthopantomogram (Promax, Planmeca Oy, 0080 Helsin-
ki, Finland) using standard radiographic techniques (75 kV, 4.1
seconds, 10 mA).

Based on the cephalometric measurements, patients were
grouped as those undergoing conventional techniques and dig-



Turk J Orthod 2019; 32(2): 87-95

izgi and Namdar Pekiner. Onyxceph Software in Cephalometric Radiography

ital techniques (Onyx Ceph™). In the conventional method, the
digital images were resized to a 1:1 scale using Adobe Photo-
shop (Adobe Systems, San Jose, California, USA) and printed on
an A4 paper using a laser printer (HP Laserjet P2035n). For stan-
dardizing the analysis, there were no changes in the settings of
resolution, contrast, and brightness before printing in the digital
cephalometric radiographs.

For the conventional technique, 150 digital radiographs were
manually traced on an A4 paper placed over the printed image.
A 0.3 mm 2H lead pencil to trace all the required landmarks, a rul-
er to draw lines, and a protractor to measure angles were used.
Bilateral structures were averaged to make a single landmark.

For the digital technique, direct digital cephalometric radio-
graphs were recorded in the Joint Photographic Experts Group
format and transferred to the OnyxCeph3™ 3.1.54 (Image Instru-
ments, Chemnitz, Germany) dental analysis software for a ceph-
alometric analysis. Digital measurements were evaluated using
a 23-inch Acer 1920x1080-pixel HP Reconstruction PC monitor.
The identified anatomical points were marked in the program
with an indicator on the mouse control. Before marking the an-
atomical points, a ruler on the cephalostat was calibrated in the
program, and thus standardization was provided in all cephalo-
metric radiographs. Measurements were drawn automatically by
the program after the marking the anatomical points.

All the tracings were performed by the same maxillofacial radiol-
ogist. No more than 10 radiographs were traced per day to avoid
examiner fatigue. To assess reliability, 30 randomly selected ra-
diographs were retraced by the same investigator using the con-
ventional cephalometric analyzing method. A time interval of
more than 2 months elapsed between first and second analyses.

The commonly used dental, skeletal, and soft tissue parameters
in a cephalometric analysis were selected and the linear and an-
gular measurements shown in Figure 1 were produced. A total
of 18 anatomical landmarks with 5 planes and 8 linear and 10
angular measurements were evaluated. In these measurements,
there were 2 maxillary parameters, 3 mandibular parameters, 2
maxillomandibular parameters, 3 vertical parameters, 7 dental
parameters, and 1 soft tissue parameters (Table 1).

Cephalometric radiographs were divided into 3 groups (classes
I, 1, and Ill) according to the Angle classification, which is used
for the classification of malocclusions. The ANB angle of 0° to 4°
is class 1; ANB angle >4° is class 2; and ANB angle <4° is class 3.
The conventional and digital methods were compared based on
this classification.

The OnyxCeph dental software program was used to analyze
lateral cephalometric radiographs after the anatomic landmarks
were marked. The measurements can be evaluated using several

b

Figure 1. a, b. (3): 1. SN plane: Plane is passing through Sella and Nasion points. 2. PP (Palatal plane): Plane is passing through ANS and PNS
points. 3. MP (Mandibular plane): Plane is passing through Gonion and Menton points. 4. NA plane: Plane is passing through Nasion and A points.
5.NB plane: Plane is passing through Nasion and B points. (b): 1.SNA°: Angle determined by points S, N, and A. 2. SNB°: Angle determined by
points S, N, and B. 3. ANB®: Angle determined by points A, N, and B. 4. PP-MP°: Angle formed between palatal and mandibular planes. 5. GoGnSN°:
Angle formed between GoGn and SN lines. 6. ArGoGn°: Angle formed between GoAr and GoGn lines. 7. UTNA®: Angle formed by the intersection
of the maxillary incisor axis to the plane between points N and A. 8. LINB®: Angle formed by the intersection of the mandibular incisor axis to the
plane between points N and B. 9. Interinsizal°: Angle formed by the intersection of the mandibular incisor axis to the maxillary incisor axis. 10.

Nazolabial°: Angle determined by points columella, SN and UL
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Table 1. Measurements used for this study

Go-Me (mm) Distance between Go and Me points

SNB () Angle determined by points S, N, and B
Maxillomandibular parameters

ANB () Angle determined by points A, N, and B

PP-MP () Angle formed between palatal and mandibular planes

Vertical parameters

GoGnSN () Angle formed between GoGn and SN lines

ANS-Me (mm) Distance between ANS and Me

ARGOGN () Angle formed between GoAr and GoGn lines

Dental parameters

U1-NA (mm) Perpendicular distance from the tip of the maxillary incisor to the plane between points N and A
U1-NA () Angle formed by the intersection of the maxillary incisor axis to the plane between points N and A
L1-NB (mm) Perpendicular distance from the tip of the mandibular incisor to the plane between points N and B
L1-NB () Angle formed by the intersection of the mandibular incisor axis to the plane between points N and B
Interincisal angle () Angle formed by the intersection of the mandibular incisor axis to the maxillary incisor axis
Overjet (mm) Horizontal distance between the tips of maxillary and mandibular central incisors

Overbite (mm) Vertical distance between the tips of maxillary and mandibular central incisors

Soft tissue parameters

Nasolabial angle () Angle determined by points columella, SN and UL
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Figure 2. OnyxCeph dental software program. Measurements can be evaluated using several analysis methods

analysis methods (Figure 2). The measured values were based on  Pretreatment, intermediate stages, end of treatment analysis of
the drawing, deviation ratio according to the norm values. These  the cases were evaluated using the OnyxCeph dental software
rates are in different color tones. Green color indicates class 1 de-  program. Changes in the middle and final stages were deter-
viation, red color class 2, and blue color class 3. mined by the dynamic nature of the visual assessment of the
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OnyxCeph dental software program. Thus, the alterations of
the facial appearance can be easily interpreted during and after
treatment.

Statistical Analysis

The statistical analyses were performed using the software Statis-
tical Package for Social Sciences version 22.0 (IBM Corp.; Armonk,
NY, USA). Shapiro Wilks test was used for evaluating the normal
distribution of parameters. It was determined that the parame-
ters were in accordance with the normal distribution. Descrip-
tive statistical methods were used for each measurement (mean,
standard deviation frequency). A student’s t-test was used for
the evaluation of the digital and conventional measurements
based on gender. A paired sample t-test was used to evaluate
the statistical significance and compare differences between the
digital and conventional measurement values. A p value of <0.05
was considered significant.

RESULTS

The total of 150 individuals’ (75 females and 75 males) cepha-
lometric radiograph images were assessed in this study. The
age ranged from 12.5 years to 33.7 years, the average age was
17:56+3:59 years.

According to the statistical analysis, the average of the digital
and conventional measurements and measuring differences are
shown in Table 2. There was a statistically significant difference
between averages of Cd-A distance, which is one of the maxillary
parameters (p=0.001; p<0.01). The agreement between the two
measurement methods was 48.9% (intra-class correlation coeffi-
cient [ICC]: 0.489; 95% confidence interval [Cl]:0.357-0.602).

There was a statistically significant difference between the averag-
es of Cd-Gn distance, which is one of the mandibular parameters

Table 2. Difference between digital and conventional measurement averages in all patients

9l

Digital Conventional Difference
Mean+SD Mean+SD Mean+SD P
SNA (°) 79.99+4.6 79.95+£9.78 0.05+0.71 0.950
Cd-A (mm) 83.38+5.65 79.3+6.2 4.08+£0.49 0.007**
Cd-Gn (mm) 119.2+77.31 105.5+8.88 13.7+6.37 0.033*
Go-Me (mm) 69.31£6.27 63.56+4.99 5.74+0.46 0.001**
SNB (°) 77.16x4.5 76.92+10.11 0.24+0.75 0.752
ANB (°) 2.85+3.2 3.3+2.87 —0.44+0.22 0.055
PP-MP (°) 25.06+5.99 25.4146.2 —0.35£0.40 0.383
GoGnSN (°) 33.59+6.29 31.32+11.49 2.27+0.92 0.014*
ANS-Me (mm) 66.33+£6.54 63.47+6.45 2.85+0.27 0.007**
ArGoGn (°) 124.31+7.71 124.6+15.63 —0.29+1.26 0.820
U1-NA (mm) 4.96+3.39 4.26+2.96 0.7+0.22 0.002**
U1-NA (°) 23.68+7.22 23.44+7.34 0.24+0.48 0.626
L1-NB (mm) 5.35+2.95 4.74+2.52 0.61£0.21 0.006**
L1-NB (°) 27.45%6.31 26.39+7.7 1.06+0.50 0.036*
Interincisal angle (°) 125.64+8.84 123.78+17.07 1.85+1.24 0.138
Overjet (mm) 3.84+3.09 3.84+2.38 0+0.17 0.988
Overbite (mm) 1.77£2.07 2.16+2.2 —0.39£0.15 0.011*
Nasolabial angle (°) 103.08+12.57 104.06+14.62 —0.98+1.13 0.385
Paired sample t-test; SD: Standard Deviation * p<0.05 **p<0.01

Table 3. Distribution of cephalometric parameters according to the difference (md) * in conventional and digital measurements in all patients

md < 0.5 0.5<md<1.0 1.0<md<1.5 1.5<md<2.0 2.0<md
SNA° U1TNA (mm) L1NB® Interincisal angle® Cd-A (mm)
SNB° LTNB (mm) Cd-Gn (mm)
ANB° Nasolabial angle® Go-Me (mm)
PP - MP° GoGnSN°
ArGoGn° ANS - Me (mm)
U1TNA°

Overjet (mm)

Overbite (mm)

*md (measurement difference): millimeter for linear measurements, degree for angular measurements
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(p=0.033; p<0.05). The agreement between the two measurement
methods was 0.6% (ICC: —0.006; 95% Cl: —0.165-0.154). There was
a statistically significant difference between the averages of Go-
Me distance, which is one of the other mandibular parameters
(p=0.001; p<0.01). The agreement between the two measurement
methods was 50.7% (ICC: 0.570; 95% Cl: 0.378-0.617).

There was a statistically significant difference between the aver-
ages of the PP-MP angle, which is one of the maxillomandibular
parameters (p=0.383; p>0.05). The agreement between the two
measurement methods was 67.6% (ICC: 0.676; 95 % Cl: 0.579-
0.754).

There was a statistically significant difference between the av-
erages of other vertical parameters GoGnSN angle (p=0.014;
p<0.05). The agreement between the two measurement meth-
ods was 26.6% (ICC: 0.266; 95% Cl: 0.111-0.408). There was a sta-
tistically significant difference between the average of the oth-
er vertical parameters ANS-Me distance (p=0.001; p<0.01). The
agreement between the two measurement methods was 87%
(ICC: 0.870; 95% Cl: 0.825-0.904).

There was a statistically significant difference between the av-
erages of UT-NA distance, which is one of the dental parame-
ters (p=0.002; p<0.01). The agreement between the two mea-
surement methods was 63.9% (ICC: 0.639; 95% Cl: 0.533-0.725).
There was a statistically significant difference between the av-
erage of the other dental parameters L1-NB distance (p=0.006;
p<0.01). The agreement between the two measurement meth-
ods was 53.6% (ICC: 0.536; 95% Cl: 0.412-0.641). There was a sta-
tistically significant difference between the average of the other
dental parameters L1-NB angle (p=0.036; p<0.05). The agree-
ment between the two measurement methods was 62.1% (ICC:
0.621; 95% Cl: 0.512-0.710). There was a statistically significant
difference between the average of the other dental parameters
overbite distance (p=0.011; p<0.05). The agreement between
the two measurement methods was 62.4% (ICC: 0.624; 95% Cl:
0.516-0.713).

Considering the differences between the conventional and digi-
tal measurements in Table 3, values less than 0.5 mm for dimen-
sional parameters and the degree for angular parameters are
follows: SNA angle, SNB angle ANB angle, PP-MP angle ArGoGn

Table 4. Method error assessment for repeated conventional measurements in 30 patients

95% ClI
ICC Lower Upper p
SNA (°) 0.999 0.998 0.999 0.001**
Cd-A (mm) 0.994 0.988 0.997 0.001**
Cd-Gn (mm) 0,998 0.996 0.999 0.001**
Go-Me (mm) 0.999 0.997 0.999 0.001**
SNB (°) 0.997 0.994 0.999 0.001**
ANB (°) 0.999 0.998 1.000 0.001**
PP-MP (°) 0.997 0.994 0.999 0.001**
GoGnSN (°) 0.999 0.997 0.999 0.001**
ANS-Me (mm) 0.998 0.995 0.999 0.001**
ArGoGn (°) 0.996 0.992 0.998 0.001**
U1-NA (mm) 0.991 0.982 0.996 0.001**
U1-NA (°) 0.999 0.998 1.000 0.001**
L1-NB (mm) 0.991 0.982 0.996 0.001**
L1-NB(°) 0.997 0.994 0.999 0.001**
Interincisal angle (°) 0.998 0.995 0.999 0.001%**
Overjet (mm) 0.994 0.988 0.997 0.001**
Overbite (mm) 0.992 0.984 0.996 0.001**
Nasolabial angle (°) 0.997 0.994 0.999 0.001**
ICC: Intra-class Correlation Coefficient, Cl: Confidence Interval **p<0.01
Table 5. Compatibility between classifications according to ANB in digital and conventional measurements
ANB Digital
ANB Conventional Class| Class Il Class 11 Total
Class | 56 (37.3%) 17 (11.3%) 13 (8.7%) 86 (57.3%)
Class Il 12 (8%) 40 (26.7%) 3 (2%) 55 (36.7%)
Class Il 1(0.7%) 0 (0%) 8(5.3%) 9 (6%)
Total 69 (46%) 57 (38%) 24 (16%) 150 (100%)
McNemar p=0.003
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angle, UTNA angle, overbite distance, and overjet distance. Pa-
rameters with a difference value between 0.5 and 1.0 included
U1NA distance, L1NB distance, and nasolabial angle. The only
parameter with a difference value between 1.0 and 1.5 was the
L1NB distance. The only parameter with a difference value be-
tween 1.5 and 2.0 was the interincisal angle. Parameters with a
difference value more than 2.0 were ANS-Me distance, Cd-A dis-
tance, Cd-Gn distance, Go-Me distance, and GoGnSN angle.

Randomly selected 30 cephalometric radiographs were repeated
using the conventional techniques to control individual drawings
and the level of measurement error for the assessment of the mea-
surements used. Each parameter of recurrence coefficients (*) was
calculated.The results are shown in Table 4. For each measurement
method, the error and the upper and lower limits of 95% Cl were
determined and provided in the table. The ICC for all samples was
found to be close to 1.00. The results of the ICC analysis regarding
the method showed an insignificant error and did not affect the
results of conventional measurement.

In total, 56 patients were defined as class 1, 40 patients as class
2, and 8 patients as class 3 by the conventional and digital mea-
surement as shown in table 5. Accordingly, there was no statis-
tically significant compliance of digital and conventional mea-
surements depending on the ANB angle between the classes
(p=0.003; p<0.01). Overall, 69 patients (46%) were class 1, 57
patients (38%) were class 2, and 24 patients (16%) were class 3 in
the digital measurement, while 86 patients (57.3%) were class 1,
55 patients (36.7%) were class 2, and 9 patients (6%) were class
3 in the conventional measurement. The kappa coefficient was
47.8% between the two measurement methods.

DISCUSSION

The cephalometric radiography analysis was divided into conven-
tional or digital analysis. In the conventional cephalometric anal-
ysis, numerous measurements could be waste of time. Currently,
those time problems are eliminated by a software that allows a
precise measurement of improved digital cephalometric analysis
systems (7,9, 12,16, 25, 29, 33-37). Numerous studies have inves-
tigated the differences between computer-aided cephalometric
analysis programs and conventional cephalometric analysis in
terms of reliability, accuracy, repeatability, and time (9, 12,17, 25,
29, 30, 34, 36-38). In our study, the digital cephalometric analysis
method (OnyxCeph) was compared to the conventional cepha-
lometric analysis. We found that that digital method was faster
and consistent with the other researches. In a study by Iseri et al.
(39), 14 parameters were identified in 50 cephalometric radio-
graphs, which was measured twice and compared for accuracy,
repeatability, and time using the conventional analysis methods
and computer-aided analysis method. There were no statistically
significant differences between the average of primary and sec-
ondary measurements in both methods. However, the comput-
er-aided method provided significantly higher time gain, which
was 7 times faster than conventional methods.

Uysal et al. (40) assessed inter- and intra-examiner reproducibil-
ity in the conventional cephalometric and Dolphin cephalomet-

ric analyses methods. It was reported that although the com-
puter-aided cephalometric analysis method was not effective to
reduce inter- and intra-examiner error, it was preferable in terms
of time gain for clinicians.

Inter-examiner errors were greater than intra-examiner errors;
hence, to minimize errors, all the measurements in this study
were measured by one examiner as in other studies (8, 16, 17, 25,
29, 32,33, 38,41, 42). In Naoumova and Lindman’s study (33), 30
patients (12 males and 18 females) with identified 25 landmarks
were compared using the conventional cephalometric analysis
methods with the digital cephalometric analysis method (FA-
CAD, llexis AB, Linkoping, Sweden). This study was conducted by
a single researcher. The researchers’ reproducibility correlation
coefficients of all variables were above 0.95 for the convention-
al method and above 0.8 for FACAD. In our study, the ICC was
examined for only the conventional method, and the ICC for all
variables were above 0.9. The reproducibility of the individual re-
searcher was high.

Several studies have found the main source of error in cephalo-
metric analysis to be the identification of the landmarks (9, 14,
27). As the consensus of many researchers, the Frankfurt hori-
zontal plane showed low coefficient of repeatability. Since it
is difficult to detect as stated in many studies, any parameters
including a reference from the Po or Or were not used in our
study(6, 7, 9, 12, 34, 40).. Moreover, measurements including
references points Cd , Cd-A and the Cd-Gn distance was used
in our study and there was no statistically significant difference
between the conventional cephalometric and OnyxCeph cepha-
lometric measurement.

The nasolabial angle, which is a commonly used parameter in
cephalometric analysis, was indicated as an angle which is dif-
ficult to determinate and shows a low reproductibility as tated
in many studies (6, 12, 34, 40, 43). Unlike other studies, the na-
solabial angle did not show significant differences between the
conventional cephalometric analysis and digital cephalometric
analysis (OnyxCeph) method in our study. The reason for the
high reproducibility of the nasolabial angle could be explained
by the easily determined soft tissue and appropriate radiograph-
ic contrast.

If complex parameters with multiple anatomical landmarks have
low reproducibility, it is considered clinically insignificant (16).
The GoGnSN angle contained in our study comprised 4 differ-
ent cephalometric points and showed a statistically significant
difference. However, in the light of previous information, these
statistical differences are not considered reliable to achieve a
clinical decision.

The ANB angle is used for the classification of malocclusion and
for revealing the relationship between the upper and lower jaw
in a sagittal direction (44). The ANB angle showed statistically sig-
nificant differences between the conventional and digital tech-
niques in our study. Although a complex parameter that con-
tains multiple anatomical points that we can make the comment
the reason for the high reproducibility in present study of the
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ANB angle is the ease of detection landmarks of A, B and N. Akin
et al. compared conventional and digital measurement methods
with two different researchers. The ANB angle was found to be
highly reliable for both researchers (30).

It has been suggested that the problem about repeatability is
not related the measurement techniques, such as digital or con-
ventional; it might be related to the parameters to be measured
whether angular or linear (16). It was concluded that linear mea-
surements have a higher error rate from angular measurements
due to the distortion on the image (13). Kumar et al. (36) com-
pared the conventional and digital tracing methods using Bur-
stone analysis. They stated that differences in the measurements
of linear parameters were greater than those of the angular pa-
rameters as the reason of that errors in calibration were not affect-
ed angular values; it changed the linear values. In a study by Tikku
et al. (46), which compared the conventional and digital cephalo-
metric measurement methods, a total of 26 parameters (13 linear
and 13 angular) were assessed. Only the occlusal plane angle had
a statistically significant difference between two methods. From
this view point, it has been commented that linear measurements
cause a higher statistically difference than angular measurements.

It was reported that in a clinical situation, a reproducibility that is
within 2° or 2 mm would probably not make a difference in the treat-
ment and is insignificant for a clinical decision (13, 32). Our study
is also consistent with similar studies, which showed a statistically
significant difference in 9 parameters between the conventional
and digital cephalometric analysis (OnyxCeph), where 7 of them are
linear parameters (Cd-A, Cd-Gn, Go-Me, ANS-Me, UTNA, L1NB, and
overbite) and 2 of them were angular parameters (GoGnSN°, LTNB®).

CONCLUSION

Although the parameters that showed a statistically significant
difference between conventional and digital method were
available (Cd-A, Cd-Gn, Go-Me, GoGnSN°, ANS-Me, UTNA, L1NB,
L1NB®, Overbite), the differences within 2° or 2 mm were insig-
nificant for a clinical decision. The parameters that showed clin-
ically significant differences were Cd-A, Cd-Gn, Go-Me, ANS-Me,
GoGnSN°. It was concluded that considering many advantages
of computer-aided cephalometric analysis, OnyxCeph software
is preferable. Nevertheless, further studies are necessary to con-
clude the reliability and reproducibility of digitization using On-
yxCeph imaging software.
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