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Abstract

Objective: To evaluate and compare the error in cephalometric measurements by manual and computerized methods using the softwares Dolphin Imaging version

11.0 and Dentofacial Planner version 7.02.

Methods: The sample comprised 45 lateral cephalograms. A calibrated operator conducted 90 manual and 180 digital cephalometric tracings, using 8 angular
measurements (SNA, SNB, ANB, FMA, 1.NA, 1.NB, SN-Occlusal, SN-GoGn) and 5 linear measurements (1-NA, 1-NB, Co-Gn, Co-A ¢ LAFH). For analysis of
results, the dependent t test was used to compare the error of each method (intragroup error); comparison of measurements between the three methods was performed
by the one-way ANOVA and Tukey test in the presence of significant result.

Results: The results showed statistically significant differences, especially between measurements evaluated on the Dolphin software and by manual tracing (p>0.05).

Conclusions: According to the present results, the three cephalometric methods have proven to be accurate, since they presented few systematic errors. The
computerized method using the Dentofacial Planner software showed the highest reliability, followed by the manual method, while the Dolphin Imaging software

was the least effective and more likely to produce systematic errors in the identification of points.

Introduction and proposition

Since the advent of the first dental X-ray machine in 1919,
radiographies have been used for several purposes, including diagnosis,
evaluation of pathologies, periapical lesions, tooth resorptions and
evaluation of existing endodontic and restorative treatments.

Cephalometrics appeared as an evolution of craniometry from the
standardization o radiographic techniques and development of the
cephalostat proposed by Broadbent [1] in 1931.

The radiographic image is an important aid in the diagnosis
and evaluation of skeletal and dental relationships. Since 1931 [1],
bidimensional images have been used to identify the anatomical
landmarks with which the cephalometric measurements are obtained [2].

For a long time, manual tracing was the only method available
for cephalometric tracing and achievement of angular and linear
measurements required for interpretation [3].

For cephalometric analysis, it is necessary to accurately define how
to identify the different specific points used. The radiographs must be
technically perfect, without distortions, to allow good visualization of
bony anatomical structures and the soft tissue profile.

With the increasing presence of informatics in the clinical routine,
it has been a great aid to speed up the work, optimize tasks, simplify
procedures and increase the productivity and refinement of diagnosis.
The constanttechnological advancesin the field of computing, combined
to scientific advances in dental radiology, led to the development of
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computerized softwares for cephalometric tracings and measurements,
as well as accomplishment of different types of analysis [4]. Digital
images are currently routinely used in the orthodontic practice. Several
systems and formats are available to produce, store, recover, visualize
and share these images [5].

This study aimed to compare the error in cephalometric
measurements with manual and computerized methods using the
softwares Dolphin Imaging and Dentofacial Planner, aiming to
evaluate the reliability of cephalometrics techniques analyzed.

This study aimed to evaluate the reliability of manual
cephalometrics compared to two specific softwares and quantified the
degree of reliability of identification of cephalometric points manually
and digitally, evaluating and comparing the outcomes achieved and
comparing them to each other, to aid the clinician in selecting the best
option for cephalometrics, either manual or computerized.

Material and methods
Material

To evaluate the reliability of manual tracings compared to specific
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softwares for this purpose, the sample was composed of 45 lateral
cephalograms (Figure 1) of individuals submitted to orthodontic
treatment.

Only the initial cephalograms available from the initial orthodontic
records of individuals were used, therefore no additional examination
was necessary.

The study included lateral cephalograms of young and young
adult individuals, aged 12 to 35 years. The basic criterion for sample
selection was presence of the permanent maxillary and mandibular
first molars. Individuals presenting hypodontia or missing permanent
teeth, deciduous teeth, impacted or unerupted teeth or any previous
orthodontic treatment were excluded from the sample.

The radiographs were selected by observing the quality of image
(contrast/density) and sharpness of points to be marked. The study
included only lateral cephalograms with optimal quality, since the goal
was to analyze the accuracy of identification of points, which is directly
influenced by the quality of radiographs.

Methods

Manual method: The following instruments were used for manual
tracing: film viewer, protractor, set square, ruler, 0.5mm mechanical
pencil, eraser and 80 sheets of Ultraphan paper (G&H Wire Company).
One sheet of Ultraphan paper (G&H Wire Company) with 0.07-mm
thickness was adapted on each radiograph. The cephalogram (Figure
2) was traced in a darkened room. The cephalometric points were
identified following a sequence pre-established by the examiner, using
0.5mm mechanical pencil with the aid of ruler, protractor and setsquare
for achievement of cephalometric measurements. After adaptation of
an Ultraphan sheet (G&H Wire Company), manual tracing (Figure 3)

Figure 1. Initial lateral cephalogram.

Figure 2. Schematic drawing of cephalometric tracing.
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Figure 3. Manual tracing on ultraphan paper G&H Wi.

Figure 4. Tracing on the dentofacial planner software.

of each radiograph was performed following a minimum interval of
one month for repetition.

Computerized method: The computerized analysis used the
Dentofacial Planner software version 7.02 (Figure 4), which allows
transferring the points marked on the manual tracing to the computer,
using a digitizing table, following points previously marked on the
Ultraphan paper (G&H Wire Company). The study also used the
Dolphin Imaging software version 11.0, which performs analyses on
previously digitized lateral cephalograms.

The cephalometric points required for _____ standard analysis were
identified on each tracing. The tracings were performed twice on each
cephalogram, with a one-month interval between the first and second
measurements to assure reliability.

The following 13 measurements were selected: SNA, SNB, ANB,
Co-Gn, FMA, SN.GoGn, LAFH, 1.NA, 1-NA,1.NB, 1-NB, SN.OCCL,
Co-A, considering their great importance to aid the diagnosis and
orthodontic treatment planning.

For utilization on the Dolphin Imaging software, the cephalograms
were digitized using a scanner Microtek, model ScanMaker i800 (9600
x 4800 dpi, Microtek International, Inc., Carson, CA, USA) with
minimum resolution of 300 dpi and connected to a microcomputer.

Cephalometrics was performed using the Orthodontics software.
The identification of points using the Dolphin Imaging software was
also performed in a darkened room, following the sequence established
by the software.

Concerning the Dentofacial Planner software, initially the points
were identified on a sheet of Ultraphan paper (G&H Wire Company),
similar to the manual method, marking the points on the sequence
previously established by the software, and then digitized using a
digitizing table.
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The manual and digital tracings on the Dolphin Imaging software
version 11.0 (Figure 5) were performed in the
while tracings on the Dentofacial Planner software
version 7.02 were performed in

Statistical analysis

All radiographs were evaluated and traced by a single examiner,
previously calibrated using 10 lateral cephalograms for each
measurement technique, both the manual method and the two
computerized softwares used in this study.

For evaluation of intra-examiner error, all points were identified
twice on all 45 cephalograms. After tracings, the data were plotted and
statistically analyzed by the dependent t test to evaluate the intragroup
error.

Intergroup comparison

The values obtained in the three groups related to the means of
initial and final values and the difference between them were compared
by analysis of variance ANOVA followed by the Tukey test for
intergroup comparison.

Statistical analysis was performed with software Statistica for
Windows (Statistica for Windows — Release 7.0 - Copyright Statsoft,
Inc. 2005). Results were considered statistically significant at p<0.05.

Results

Results are presented in Tables 1-4. The three cephalometric
methods presented to be properly accurate, since they presented few
systematic errors.

Figure 5. Tracing on the dolphin Imaging software.

Table 1. Results of error of manual tracing, comparing the first and second measurements
(dependent t test) (N=45).

Variables 1% measurement 2" measurement P
Mean SD Mean SD

SNA (°) 81.48 3.83 81.23 3.90 0.056
SNB (°) 77.74 3.45 77.63 3.47 0.390
ANB (°) 3.74 2.45 3.62 2.24 0.439
Co-A (mm) 95.73 4.72 95.66 5.04 0.755
Co-Gn (mm) 125.04 6.34 124.72 6.76 0.102
FMA (°) 23.01 4.92 22.87 5.09 0.387
SN.GoGn (°) 29.85 4.90 30.75 4.99 0.000*
SN.Occl (°) 14.26 3.69 14.28 3.68 0.894
LAFH (mm) 74.35 5.24 73.97 5.45 0.020*
1-NA (mm) 6.55 4.08 6.24 3.90 0.017*
1.NA () 23.25 7.25 23.11 7.10 0.379
1-NB (mm) 7.00 3.09 6.65 3.01 0.000*
1.NB (°) 28.64 6.36 28.26 6.32 0.007*

*Statistically significant at P<0.05.
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Table 2. Results of error of tracing on the Dentofacial Planner software, comparing the first
and second measurements (dependent t test) (N=45).

Variables 1* measurement 2" measurement P
Mean SD Mean SD

SNA (°) 79.92 522 80.11 5.54 0.292
SNB (°) 74.82 4.35 74.93 4.58 0.318
ANB (°) 5.09 2.36 5.17 242 0.303
Co-A (mm) 78.88 3.47 78.81 3.52 0.248
Co-Gn (mm) 127.64 5.81 127.97 6.07 0.020*
FMA (°) 28.98 4.97 28.99 4.98 0.869
SN.GoGn (°) 40.02 6.20 39.85 6.67 0.454
SN.Occl (°) 19.66 4.97 19.56 4.96 0.554
LAFH (mm) 75.30 4.93 75.30 5.04 0.976
1-NA (mm) 2.04 2.98 2.02 3.06 0.809
1L.NA () 23.11 5.55 22.96 5.53 0.271
1-NB (mm) 5.33 2.83 5.46 2.95 0.086
I.NB () 30.69 7.32 30.59 7.26 0.419

*Statistically significant at P<0.05.

Table 3. Results of error of tracing on the Dolphin Imaging software, comparing the first
and second measurements (dependent t test) (N=45).

Variables 1* measurement 2" measurement P
Mean SD Mean SD

SNA (°) 87.03 4.47 86.36 4.28 0.002*
SNB (°) 80.59 3.39 79.69 3.37 0.000*
ANB (°) 6.44 3.12 6.65 2.97 0.230
Co-A (mm) 101.88 5.17 102.03 5.75 0.756
Co-Gn (mm) 128.71 6.76 129.06 7.46 0.326
FMA (°) 26.00 5.12 26.40 5.30 0.102
SN.GoGn (°) 30.52 5.05 30.81 5.09 0.005*
SN.Occl (°) 13.92 3.62 14.60 3.37 0.001*
LAFH (mm) 73.78 5.12 73.87 4.97 0.693
1-NA (mm) 1.50 391 1.40 3.68 0.513
1.NA () 21.17 6.85 21.83 6.25 0.158
1-NB (mm) 6.39 3.09 6.44 3.19 0.791
I.NB () 28.60 6.07 29.32 6.51 0.114

*Statistically significant at P<0.05.

Table 4. Results of the one-way ANOVA and Tukey test, when needed, for comparison of
mean error of the three types of tracing: manual, Dentofacial Planner and Dolphin Imaging

(N=45).

Variables Manual Dentofacial Dolphin P
Mean (SD) Mean (SD) Mean (SD)

SNA (°) -0.25 (0.87)A8 0.19 (1.20)* -0.67 (1.42)° 0.003*
SNB (°) -0.11 (0.85)* 0.11 (0.75)* -0.90 (1.15)® 0.000*
ANB () -0.12 (1.50)4 0.08 (0.54)* 0.20 (1.14)* 0.254
Co-A (mm) -0.06 (1.42)* -0.06 (0.35)* 0.15 (3.24)* 0.848
Co-Gn (mm) -0.32 (1.29)* 0.32 (0.91)* 0.35 (2.40)* 0.094
FMA (°) -0.13 (1.02)* 0.01 (0.45)* 0.39 (1.60)* 0.073
SN.GoGn (°) 0.90 (1.69)* -0.16 (1.50)® 0.56 (1.29)*8 0.003*
SN.Occl (°) 0.02 (1.11)* -0.09 (1.07)4 0.67 (1.32)8 0.004*
LAFH (mm) -0.37 (1.05)4 0.00 (0.51)* 0.08 (1.46)* 0.099
1-NA (mm) -0.31 (0.84)* -0.01 (0.49)* -0.18 (1.83)* 0.510
LNA(°) -0.14 (1.90)* -0.15 (0.93)* 0.65 (3.07)* 0.082
1-NB (mm) -0.34 (0.55)* 0.13 (0.51)® 0.04 (1.11)® 0.009*
1.NB (°) -0.37 (0.90)* -0.10 (0.87)8 0.71 (2.99)® 0.017*

*Statistically significant at P<0.05.

Discussion

Radiographs

Since standardization is fundamental in comparative studies, the
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procedures were performed by a single examiner. Manual tracing of
all 45 radiographs was randomly performed as suggested by Houston
[6], as well as the sequence of computerized methods, in which care
was taken so that each selected point would represent the manual
counterpart.

Considering the great acceptance of the computerized method,
studies are necessary to compare the efficiency of this method compared
to conventional cephalometric tracing. Emphasis should also be given
to the reduced time necessary for measurement of cephalometric
dimensions when using computerized cephalometrics [7].

Statistical analysis and error

Systematic errors occurred in this study, which are expected in
any cephalometric measurement, even performed by experienced
examiners. Therefore, a series of measurements may be systematically
different from a series obtained in another moment. This may have
occurred between the manual and computerized methods, which may
have contributed to the several significant differences between means [6].

When analyzing the advantages and disadvantages of different
methods of cephalometric tracing, it may be inferred that manual or
conventional tracing is among the most investigated concerning the
reliability of identification of cephalometric points and measurements
[8,9].

Errors in the projection and identification of points may be
included among the great errors of conventional cephalometrics.

Errors are common in cephalometrics and may occur even among
experienced operators. Comparative measurements are five times more
accurate than the individual identification of cephalometric points
[10,11].

The analyses employed are extremely important for statistical
analysis, because they primarily aim to perform an isolated analysis
of the examiner’s error in each group (dependent T test), followed by
comparison between groups (ANOVA and Tukey).

Data

Data were obtained using three different methods, namely manual
tracing and computerized analyses using the softwares Dolphin
Imaging and Dentofacial Planner. Manual tracing was selected because
so far it has been the most employed by most orthodontists for
diagnosis and treatment planning. Conversely, the softwares Dolphin
and Dentofacial were selected because they are currently the most
used and known, even though several cephalometrics softwares are
available. Both softwares have good acceptance by many orthodontists
and, to our knowledge, have been presenting good reliability of data.

Studies in the literature on the same subject and with similar
purpose as the present investigation reveal the lack of criteria
concerning the selection of cephalometric points and the ideal angular
and linear measurements for such studies [12-15].

The manual method demanded longer time to trace, yet this was
similar to the Dentofacial Planner and shorter than for the Dolphin
software, due to the stage of identification of points on the Ultraphan
paper. The manual method is the most common for achievement of
tracings, identification of points, measurement of distances and angles
between points, yet it also presents high probability of error [16].

The errors found in the present methods demonstrate that
the apparent lack of accuracy of measurements is not related to the
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method employed, but rather to the likely uncertainty at the moment
of identification of points, which occurs in any technique, thus making
computerized cephalometrics as reproducible and uncertain as the
conventional manual tracing [7].

Several studies have been performed to evaluate the accuracy of
computerized methods compared to the manual technique, revealing
variable results. Some studies did not reveal significant differences
[7], while others indicated fewer errors in the computerized method
[17,18] and suggested their utilization due to the reduced time spent
for cephalometric analysis and the reliability of data achieved.

Results

Albuquerque, et al. [17], stated that the examiner presents great
interference in the incorporation of systematic errors, which depend
on several factors such as the experience of examiners, calibration of
equipment and points and measurements analyzed.

Errors may be incorporated in cephalometric tracings by any
method, either conventional, manual or computerized. According
to several studies [6,19-22] these errors may occur due to failures
involving the projection of cephalometric points, poor image quality,
differences between examiners (e.g. during achievement of the
radiograph, including incorrect patient positioning).

Some cephalometric points are normally subject to error because
their location is more difficult, making them less reliable [7,12,22,23].

In modern Orthodontics, quantitative, systematic and objective
measurements based on reference pointslocated in hard and soft tissues
in some cephalograms are daily used in the clinical practice. Accuracy
and reproducibility in data achieved by cephalometrics are important
for the orthodontist. Errors in conventional methods occur from the
identification and measurement of cephalometric points. The advances
in computer technology in Orthodontics allowed easy storage, handling
and transmission of images, besides the possibility of highlighting, as
well as questions on the validity of digital cephalometrics [20,24,25].

In the present study, some measurements presented statistically
significant differences when the first and second measurements were
compared.

Table 1 presents the results of manual tracings when the first
and second measurements were compared, which reveal statistically
significant outcomes for measurements as SNGoGn, LAFH, 1-NA,
1-NB and 1.NB. A relatively high error was observed, in among 13
measurements analyzed, corresponding to 38.46%, which demonstrates
some difficulty in the identification of points for correct measurement
of cephalometric dimensions. This difficulty in the identification of
points in manual tracing should be considered, because it may impair
the correct orthodontic diagnosis.

Table 2 displays the outcomes of the Dentofacial Planner software,
evidencing nearly no systematic error except for one cephalometric
dimension, namely the CoGn, or 7.69%.

Table 3 presents the outcomes for the Dolphin Imaging software,
which revealed similar systematic error as the manual tracing, yet
only 4 cephalometric dimensions presented statistical significance,
including SNA, SNB, SNGoGn and SNOccl, or 30.76%. This error may
have occurred due to the software’s sensitivity in the identification of
points.

Concerning the angular measurement SNGoGn, even though this
dimension involves the point N, which is difficult to identify in both
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methods, it was not statistically different compared to the Dentofacial
Planner software and presented statistically significant result when
manual tracing was compared to the Dolphin Imaging software [10].

Concerning the linear measurements 1-NA and 1-NB, which
require identification of points A and B - which are also difficult to
identify, statistically significant differences were observed between the
first and second measurements. However, no statistically significant
differences were observed between initial and final measurements for
the computerized method using both softwares [10].

Similar to the linear measurements, the angular measurement
1.NB only presented statistically significant difference between first and
second measurements in the manual tracing, which presented to be less
accurate than the computerized softwares [10].

The main difficulty was observed for the identification of points on
the apices of incisors, in which the digitized image involves gray shades
that may be confounded at this region.

The study conducted by Gravely [26] revealed that the computerized
cephalometric analysis does not cause error in measurements, especially
when the reference points are identified by a human examiner.
However, other study revealed statistically significant differences in the
identification of cephalometric points between original and digitized
cephalograms [12].

Conclusion

The three cephalometric methods presented to be accurate, since
they presented few systematic errors. The computerized method
using the Dentofacial Planner software showed the highest reliability,
followed by the manual method, while the Dolphin Imaging software
was the least effective and more likely to produce systematic errors in
the identification of points.
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