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Abstract
Objective: To evaluate the applicability of digital lateral 
cephalogram calibrations on A4 size paper print out and 
compare it to conventional digital radiographic film.

Materials and methods: Digital cephalograms of 10 
patients reporting to the department of orthodontics were 
collected and digitally traced using dolphin software 
(group 1), manually traced on DICOM printer film (group 2) 
and manually traced on commercially available 180 gsm A4 
size paper printed with size customization (group 3). 
Calibrations of three group measurements (20 
parameters-10 linear and 10 angular) were compared 
using SPSS software.

Results: There was significant difference in the calculated 
mean between group 1 and group 2 for Co-PtA linear 
value. Similar statistical difference was found between 
group 2 and group 1; as well as group 2 and group 3 for 
SNA, SNB and ANB angular measurements.

Conclusion: DICOM printout showed significant difference 
in three angular and one linear value of the total 20 
parameters when compared with other methods. It was 
concluded that consumer paper printout tracing is a 
reliable option when printer settings were customised to 
provide 1:1 prints.

Keywords: Cephalograms; Facilitated image; Radiographs; 
Orthodontics; Reproducibility

Introduction
Cephalometric radiography is an essential tool in clinical

orthodontics. With standardized radiographs, the orientation of
various anatomical structures can be studied by means of
angular and linear measurements. The use of serial
cephalometric radiographs to investigate growth and
development of the facial skeleton can assist in treatment

planning and changes between pre and post treatment
measurements can help in treatment evaluation [1-3].
Traditional cephalometric analysis is performed by tracing
radiographic landmarks on acetate overlays and measuring the
values. Despite its widespread use in orthodontics, the
technique is operator sensitive and time consuming [4].

Technical advances in computer science have made it possible
to perform cephalometric tracing through the use of software
programs to compute the measurements. The use of direct
digital images offer several advantages, such as instant image
acquisition, reduction of radiation dose, facilitated image
enhancement and archiving, elimination of technique-sensitive
developing processes and facilitated image sharing, but the main
drawbacks include lack of ease of availability of software to trace
and a DICOM printer in a regular setup [5,6].

Several studies have been undertaken to compare the
accuracy of scanned, digitized and digitally obtained radiographs
with analogue methods. But there is hardly any study assessing
the reproducibility of measurements of a digital lateral
cephalogram on a normal A4 size paper print out with 1:1 aspect
ratio. Hence the aim of this study was to evaluate the
applicability of digital lateral cephalogram calibrations on paper
compared to conventional digital radiographic film.

Materials and Methods
In this cross-sectional study, digital lateral cephalograms

available as both electronic format as well as radiographic film of
10 patients irrespective of gender from 10 years-30 years
diagnosed to have angles class I malocclusion were attained.

In group 1, electronic format of lateral cephalogram was
imported in cephalometry software (dolphin imaging software
version 11.95) and digitise tool was selected with the calibration
scale set to 10 mm. Ruler points were placed on the image scale
at 10 mm distance and landmarks for composite analysis were
selected. The measure tool displayed measurements from which
10 linear and 10 angular values were chosen (Table 1).
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Angular values

SNA Angle determined by points S, N and A

SNB Angle determined by points S, N and A

G Sn Pg Angle formed between G, Sn and Pg

IMPA Angle formed between Go-Me and the mandibular incisor axis

NLB Angle determined by points columella, SN and UL

NbaPtGn Angle formed between the Ba-N plane and the plane from Pt to
Gn

Occ SN Angle formed between occlusal plane and SN plane

SN FH Angle formed between Frankfort horizontal (FH) and SN plane

U1 SN Angle formed by the intersection of the maxillary incisor axis to
SN plane

ANB Angle formed between SNA and SNB angles

Linear values

Chn Pg Distance between hard and soft tissue pogonion

Co Gn Distance between points Co and Gn

Co PtA Distance from condylion to point A

LI NB Perpendicular distance from the tip of the mandibular incisor to
NB plane

NprPg Distance between pogonion point and a line drawn perpendicular
to FH from point N

NprPtA Distance between point A and a line drawn perpendicular to FH
from point N

U1 NA Perpendicular distance from the tip of the maxillary incisor to NA
plane

U6 PtV Distance measured from distal surface of maxillary 1st molar to
pteygoid vertical (PtV)

ULP Distance measured from soft tissue point A to point A

Witts Distance between points of A and B to the occlusal plane

Table 1: The list of cephalometric measurements used for this study.

In group 2, radiographic film acquired from a DICOM printer
was hand traced on acetate paper. Anatomical landmarks were
identified and measurements for the chosen 20 parameters
were done.

In group 3, the length and width of the radiographic image
was measured using concepts (5.1, TopHatch, Inc), an iOS based
app and was found to be 203.5 mm × 170.9 mm. This dimension

was chosen as a standard for all radiographic image acquired
from the same source. The dimensions were entered as a
custom paper size setting in the consumer printer software with
the option of fit to maximum size selected during print.
Commercially available 180 gsm A4 size paper was chosen as per
manufacturer recommendation for minimum quality printouts
on a laser printer. The anatomical landmarks were identified and
traced on acetate sheets attached to the printout (Figure 1).
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The same parameters were followed as in the other two
methods. Cephalometric analyses for all 10 digital lateral
cephalograms were carried out using the three methods by a
single operator and data was entered into excel.

Results
SPSS software for windows was used for the statistical

analysis of the data. To test the statistical significance of the
change in the values of the variables among the three methods,
on an average, repeated measure analysis of variance was
applied. In case of statistical significance, multiple comparison
tests were applied to identify statistically significant pair of
groups. P ≤ 0.05 was considered statistically significant.

There were no statistical difference in the computed values
for 20 parameters except for one linear and three angular
measurements. There was significant difference in the
calculated mean between the digital (81.9 ± 4.9) and manual
tracings (85.1 ± 4.3) for Co-PtA linear value. Similar statistical
difference was found in the SNA, SNB and ANB angular
measurements. The mean difference of SNA value was 83.4 ±
2.4 for digital, 81.5 ± 2.9 for manual and 81.8 ± 3.08 for paper
print out; for SNB value was 80 ± 4.08 for digital, 78.9 ± 3.81 for
manual and 78.9 ± 3.84 for paper print out and for ANB value
was 2.1 ± 2.5 for digital, 3.7 ± 2.9 for manual and 3.3 ± 3.1 for
paper print out (Tables 2 and 3).

Digital (n=10)

Mean SD Mean SD Mean SD

Linear values

Chn Pg' 10.7 1.6 10.6 1.4 10.8 1.1

L1 NB 6.4 3.2 6.6 3.4 6.6 3.5

ULP 11.1 7.4 11.5 7.2 11.2 7.6

Co Gn 106.3 5.3 106.2 4 105.9 4.3

NprPg -7.2 5.9 -6.3 6.7 -6.8 7.3

Witts 0.7 4.7 0.3 3.3 0.1 3.6

Co PtA 81.9 4.9 85.1 4.5 84.8 5.7

Npr PtA -1.5 1.8 -1.1 2.8 -1.3 2.7

U6 PtV 17.1 5 16.7 6.9 16.3 6.7

U1 NA 5.9 2.5 6.3 2.4 6.1 2.1

Angular values

G Sn Pg 14 5.1 13.8 5 13.7 4.6
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Figure 1: Cephalometric landmarks and measurements 
used in this study.

Manual (n=10) Paper (n=10)



IMPA 99.1 9.1 101.1 13.7 101.6 14

NLB 97 34.9 98.1 14.9 98.6 14.4

SN FH 14.3 29.1 16.3 27.4 16.3 27.4

Nba PtGn 81.7 27.4 81 26.8 80.2 26.7

Occ SN 13 6.5 15 4.1 14.2 4.3

SNA 83.4 2.5 81.5 2.9 81.8 3.1

SNB 80 4.1 78.9 3.8 78.9 3.8

U1 SN 112.1 10 113.7 8.4 113.3 9.2

ANB 2.1 2.5 3.7 2.9 3.3 3.1

Table 2: Statistical evaluation of linear and angular values showing mean and standard deviation. Note: Linear and angular
values referred to Table 1.

2_3 3_1

Angular measurements

SNA 83.4+2.5 81.5+2.9 81.8+3.1 * * *

SNB 80.0+4.1 78.9+3.8 78.9+3.8 * * *

G Sn Pg 14.0+5.1 13.8+5.0 13.7+4.6 ns

IMPA 99.1+9.1 101.1+13.7 101.6+14.0 ns

NLB 97.0+34.9 98.1+14.9 98.6+14.4 ns

NbaPtGn 81.7+27.4 81.0+26.8 80.2+26.7 ns

Occ SN 13.0+6.5 15.0+4.1 14.2+4.3 ns

SN FH 14.3+29.1 16.3+27.4 16.3+27.4 ns

U1 SN 112.1+10.0 113.7+8.4 113.3+9.2 ns

ANB 2.1+2.5 3.7+2.9 3.3+3.1 * * *

Linear measurements

Chn Pg 10.7+1.6 10.6+1.4 10.8+1.1 ns

Co Gn 106.3+5.3 106.2+4.0 105.9+4.3 ns

Co PtA 81.9+4.9 85.1+4.5 84.8+5.7 * *

LI NB 6.4+3.2 6.6+3.4 6.6+3.5 ns

NprPg (-)7.2+5.9 (-)6.3+6.7 (-)6.8+7.3 ns

NprPtA (-)1.5+1.8 (-)1.1+2.8 (-)1.3+2.7 ns
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U1 NA 5.9+2.5 6.3+2.4 6.1+2.1 ns

U6 PtV 17.1+5.0 16.7+6.9 16.3+6.7 ns

ULP 11.1+7.4 11.5+7.2 11.2+7.6 ns

Witts 0.7+4.7 0.3+3.3 0.1+3.6 ns

Note: *P<0.05; ns, not significant

Table 3: Statistical evaluation showing the significance of  angular  and  linear  values. Note:  Linear  and  angular  measurements 

Discussion
In clinical orthodontics, cephalometric analysis has long been

used as an important clinical tool in diagnosis, treatment
planning and evaluation of growth or treatment results [7]. The
major errors associated with conventional cephalometry include
projection errors and tracing errors. The mechanical errors
introduced by drawing lines between landmarks manually and
by measuring with a ruler and protractor were common in
conventional cephalometric analysis [8,9]. Because of the
increasing use of cephalometric analysis for diagnosing
malocclusion and treatment planning, the use of digital systems
have risen in Orthodontics. The main advantages of digital
radiology are the reduced radiation dose and improved data
storage, information access and image manipulation. The most
important criteria for using mechanical or digital method are
that it should be accurate, precise and must show a high rate of
reproducibility in both tracing and analysis. In recent time
technology have contributed to production of affordable but
high end consumer products. Such resources can be utilised
when an alternative method becomes necessary. Hence the
prime objective of this study was to compare the accuracy of
lateral cephalograms traced manually, digitally and on paper
printout. The present study evaluated the reliability of
cephalometric measurements obtained using a computerized
program on direct digital radiographs as well as with the hand-
tracing method. Identification of the landmarks is important as
the tracing method because interoperator error is found to be
greater than intraoperator error [10]. As a result the
measurements were carried by one examiner only.

Since there was no gold standard method for calibration of
digital radiograph image all three methods were compared. The
results of the analyses showed that the measurements
performed were independent of the type of tracing done
(digital, manual or paper). The parameters used in this study
were commonly used cephalometric measurements for
assessing different kinds of malocclusion in orthodontic
diagnosis and treatment planning which included 10 linear and
10 angular measurements.

In the present study, there were no statistical significant
differences except in one linear (CoPtA) and three angular

behind the statistical significance in the three methods may be
due to calibration error or difference in landmark identification.
The three angular values which showed statistically significant
differences were SNA, SNB and ANB. The parameters comprised
of locating common landmarks, Sella (S) and Nasion (N).
Statistical differences were found in manual tracing compared
with digital software and paper tracing, whereas no difference
was present between the software and paper tracing.

Measurements obtained from digital tracing and manual
tracing were shown to have adequate reproducibility [11]. These
findings coincide with the present study result. However the
digital and manual tracing cephalometry are compared which
gave a statistically significant differences between
measurements which are not in accordance with our study
results [12].

Both methods of conventional and digital cephalometric
analysis are highly reliable with some statistically significant
differences in reproducibility but most were not clinically
significant [13]. It provides support for computerized tracing
method as these are easier and less time consuming with same
reliability when compared to manual tracing [14]. The reliability
of cephalometric measurements on the digital cephalogram is
generally comparable to those on original radiographs [15]. In
order to obtain a quantitative and objective evaluation of the
accuracy of cephalometric measurements, a large sample size is
essential. This was the disadvantage of the present study.

Conclusion
DICOM printout showed significant difference in three angular

and one linear values of the total 20 values when compared with
other methods. Consumer paper printout tracing is a reliable
option when printer settings are customised to provide 1:1
prints.
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