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Conclusion: Digital measurements obtained from monitor-displayed images (soft copy)

were found to be reproducible and comparable to the manual method done on its hard

copy, for all the measurements except occlusal plane angle (SN-occlusal plane).
Copyright © 2014, Craniofacial Research Foundation. All rights reserved.

1. Introduction

Cephalometry is an important tool in orthodontic diagnosis,
treatment planning, for evaluation of treatment results and
prediction of growth. With standardized radiographs, the
orientation of various anatomical structures can be studied by
means of angular and linear measurements. Hand traced
cephalometric analysis on traditional radiographic films has
been the gold standard for analyzing a cephalometric radio-
graph for the past few decades. Despite its widespread use in
orthodontics, the technique is time consuming and has
several drawbacks including, high risk of error during hand
tracing, landmark identification and measurements.” >

With the advent of computer age and today’s ever chang-
ing technological environment, Digital imaging system is
increasingly getting more popularity over conventional film
based radiography. These days it is possible to perform
cephalometric tracing both through the use of digitizers and
directly on screen displayed digital images.® Digitally acquired
cephalometric imaging has numerous advantages, including
elimination of chemical processing and dark room, reduced
radiation exposure, improved landmark identification
through image enhancement techniques, faster cephalo-
metric data acquisition, with efficient storage and archiving,
that is a step towards a paperless system of maintaining pa-
tient’'s records. The other advantages of digital imaging
include the possibility of teleradiology and ability to duplicate
radiographs easily at lesser expenses.””®

Nowadays various software programs are available for
cephalometric measurements on digital cephalograms.®’
They also simulate and predict multiple treatment options,
thereby enabling the clinician to select the best treatment
option according to the patient’s desire and need. With the
help of facial photographic morphing technique we can pre-
dict the profile change of the patient after orthognathic sur-
gical procedures. This demonstration of VTO (Visual
treatment objectives) also helps in achieving acceptable
motivation of the patient for any particular orthodontic
treatment. Thus in comparison with conventional tracing the
computer aided cephalometric software programs are an
effective diagnostic tool and also a powerful consultation and
presentation tool.

Most recent researches have concluded that the differ-
ences between the measurements derived from the land-
marks on original cephalometric radiographs and those
identified on their digital counterparts though statistically
significant were found to be clinically acceptable.®® According
to Chen et al (2004)° and Schultze et al (2002),° clinically
acceptable means that significant difference between the
digital and manual technique were less than 2 units (1
unit = 1 mm for linear measurements and 1° for angular

measurements). Various studies have assessed the validity
and reproducibility of linear and angular measurements by
cephalometric software programs like Dolphin,’**" Vista-
dent,®>*? Quick ceph.’

The present study was done to evaluate and compare the
various cephalometric measurements of monitor-displayed
images with the help of cephalometric software program
“Nemoceph” and the manual tracing on its hard copy.

2. Material and methods

The present study was conducted on pre-treatment digital
lateral cephalograms (both soft and hard copies) of 40 subjects
(both males and females) within the age group of 10—30 years,
irrespective of the type of malocclusion, who came for the
orthodontic treatment to the OPD of the Department of Or-
thodontics and Dentofacial Orthopedics, Babu Banarasi Das
College of Dental Sciences, Lucknow. The informed consent
forms were signed from all the patients or parents (in case of
patients less than 18 years of age) and the study was approved
by the ethical committee of the institution.

The inclusion criteria for the analog and digital cephalo-
grams were as follows:

1. The X-rays should be of good quality to permit identifica-
tion of landmarks.

2. All the radiographs should be taken from the same
machine.

3. All the radiographs should show the calibration ruler.

Digital lateral cephalograms of the subjects were taken on
a digital cephalometric machine (Planmeca Proline XC,
Finland) in a standing position with relaxed lips, teeth in
centric occlusion and the subject’s head in such a position
that the Frankfort horizontal plane was parallel to the floor.
The receptor — source distance was fixed at 60 inches. The
exposure values were set at 68 kV, 5 mA, and with an exposure
time of 23 s. All lateral cephalograms were then transferred to
a computer loaded with Planmeca software and the hard
copies were printed with the help of an X-ray printer (Drystar,
AGFA).

After placing registration points on the hard copies of the
lateral cephalograms, hard and soft tissue landmarks (Fig. 1)
were traced manually on tracing paper (0.003” x 8" x 10”)
using 0.5 mm 3H pencil on a view box using transilluminated
light in a dark room. Any stray light radiations were elimi-
nated by covering margins of the view box around the radio-
graph with a black paper. When there was lack of
superimposition of right and left structural out line, the
average between the two was drawn by inspection and
cephalometric points were located in reference to the
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Hard tissue landmarks: 1. Nasion, 2. Sella, 3.Subspinale, 4. Anterior
Nasal Spine, 5. Posterior Nasal spine, 6. Menton, 7. Gonion, 8. Orbitale,
9. Porion, 10. Articulare, 11. Gnathion, 12. Supramentale, 13. Pogonion.
Soft tissue landmarks: 14. Glabella, 15. Labrale superius, 16. Soft
tissue Nasion, 17. Labrale inferius, 18. Subnasale, 19. Stomion superius,
20. Stomion inferius, 21. Soft tissue Pogonion, 22. Soft tissue Menton

Fig. 1 — Cephalometric points and landmarks.

arbitrary line so obtained. The linear and angular measure-
ments were done with the help of reference planes (Fig. 2) to
the nearest 0.5 mm and 0.5° respectively with the help of
millimeter ruler and protractor.

The soft copies of all lateral cephalograms were transferred
to Nemoceph cephalometric software program (Nemotec,
Version6.0). The images were calibrated by identifying two
crosshairs 10 mm apart. The image enhancement features of
the software, like brightness, contrast adjustment and
magnification were used as needed to identify individual
cephalometric landmarks as precisely as possible with the
help of mouse/cursor. Once all the landmarks were marked,
these landmarks were again adjusted and corrected for

1. SN plane, 2. FH plane, 3. Palatal plane, 4. Occlusal plane,
5. Mandibular Plane

Fig. 2 — Cephalometric reference planes.

accurate measurements. All angular and linear measure-
ments were automatically calculated by the tracing software.
The data so obtained was subjected to statistical analysis.

2.1. The various measurements done were as follows

Fig. 3 shows following linear measurements: 1. Anterior cra-
nial base length (Se— N) 2. Posterior cranial base length (S-Ar)
3. Posterior facial height (S-Go) 4. Ramus height (Ar-Go) 5.
Mandibular base length (Go-Me) 6. Maxillary base length (PNS
to ATon PP) 7. Anterior facial height (N—Me).

Fig. 4 shows following linear measurements: 1. Upper lip
length (Sn-Stms) 2. Lower lip length (Stmi-Me’) 3. Upper lip
prominence (Ls-Sn-Pg’) 4. Lower lip prominence (Li—Sn—Me’)
5. Upper incisor to NA 6. Lower incisor to NB.

Fig. 5 shows following angular measurements: 1. SNA
angle 2. SNB angle 3. ANB angle 4. Upper incisor to NA 5. Lower
incisor to NB 6. Interincisal angle 7. SN-mandibular plane
angle (SN-Go-Gn).

Fig. 6 shows following angular measurements: 1. Saddle
angle (N—S-Ar), 2. Articular Angle (S-Ar-Go), 3. Gonial angle
(Ar-Go-Me), 4. SN-occlusal plane angle 5. Facial angle (N-Pg to
FH), 6. Soft tissue facial convexity (G-Sn to Pog’).

2.2.  Method of determining accuracy

The intraclass correlation coefficient with r > 0.75, would
show good reproducibility of the method. The measurements
would be considered clinically acceptable if the mean mea-
surement differences between digital and manual methods
were less than 2 units (1lunit = 1 mm for linear measurements
and 1° for angular measurements).

2.3. Statistical analysis

The statistical analysis was done using SPSS (Statistical
Package for Social Sciences) Version 15.0 statistical Analysis

1. Anterior cranial base length (ACBL), 2. Posterior cranial base length
(PCBL), 3. Posterior facial height (PFH), 4. Ramus height , 5. Mandibular
base length (MdL), 6. Maxillary base length (MxL), 7. Anterior facial height
(AFH)

Fig. 3 — Linear measurements.
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1. Upper lip length(ULL), 2. Lower lip length(LLL), 3. Upper lip
prominence(ULP), 4. Lower lip prominence(LLP), 5. Upper incisor to
NA(UI1-NA), 6. Lower incisor to NB(L1-NB)

Fig. 4 — Linear measurements.

1. Saddle angle(SA), 2. Articular Angle(AA), 3. Gonial angle(GA), 4.
SN-occlusal plane angle(OP), 5. Facial angle(FA), 6. Soft tissue facial
convexity(STC).

Fig. 6 — Angular measurements.

Software. Intraexaminer error was evaluated by repeating
tracings of randomly selected 10 radiographs (performed at
the interval of 2 weeks) and the difference between the two
sets of readings was statistically nonsignificant. Systemic
error i.e. difference in measurements related to the methods
investigated was calculated by using paired t-tests based on
equality of variance between the digital and manual tracings.

obtained by the manual technique were higher in comparison
with the digital technique for all the measurements except the
ramus height, which showed higher value in the digital
technique (Table 1). Amongst the angular measurements,
ANB, L1 to NB, SA, GA demonstrated higher values in manual
technique whereas SNA, SNB, Ul to NA, U1/LI, MP, OP, AA,
STC, FA showed higher values in digital technique (Table 2).

3. Results

Comparison of mean difference in the two measuring tech-
niques i.e. manual and digital techniques for linear measure-
ments is shown in Table 1 and for angular measurements in
Table 2. Amongst these linear measurements, values

1. SNA, 2. SNB, 3. ANB, 4. Upper incisor to NA(U1-NA), 5. Lower
incisor to NB(L1-NB), 6. Interincisal angle(IIA), 7. SN to mandibular
plane angle (MP)

Fig. 5 — Angular measurements.

4, Discussion

Cephalograms have been used widely, both as clinical tool and
as a research technique for the study of craniofacial growth
and orthodontic treatment. Precision and reproducibility in
data obtained from cephalometrics is important for the
orthodontist. Errors in conventional methods arise from
radiographic acquisition, landmark identification, and
measurement.”* "3 1°

To overcome the errors of conventional radiography, digi-
tal cephalometry, which allowed the operator to manipulate
data on the computer thereby facilitating the complex anal-
ysis and organization became popular.

Most of the studies done previously compared the digital
cephalometric analysis of either scanned or photographed
images to their analog hard copy by manual tracings or
comparison of soft copy to its analog hard copy, where
cephalograms were taken by using sandwich technique. The
present study was done on the cephalograms taken by direct
digital radiography, charged couple device (CCD) technique
and its soft copies and digital printouts were obtained. Previ-
ous studies have been done to compare the cephalometric
measurements of monitor-displayed images using different
softwares” > "7 but not the “Nemoceph” software that was
used for analysis in the present study. The parameters
selected included all the areas of the cephalogram for overall
meaningful and reliable comparison between digital and
manual tracing techniques.
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Table 1 — Comparison of linear measurements between manual and digital techniques.

S. no Parameter Manual (mean + SD)  Digital (mean + SD)  Difference (mean + SD) “t” “p” “r"
1. AFH 106.08 £+ 7.04 104.95 + 7.61 1.13 £1.40 5.081 0.000 0.985
PFH 73.06 £ 7.08 7245 +£7.83 0.61+1.71 2.251 0.030 0.979
3 Ramus Height 44.30 + 5.78 44.37 + 6.30 —0.07 £2.35 —0.195 0.846 0.928
4 ULL 18.95 £ 2.41 18.47 £ 2.61 0.48 + 1.47 2.059 0.046 0.832
5. LLL 41.15 + 4.65 40.23 + 4.97 0.92 £+ 1.67 3.497 0.001 0.942
6. ACBL 65.26 + 4.17 64.20 + 4.65 1.06 + 1.65 4.070 <0.001 0.935
7 PCBL 33.90 £ 3.58 32.48 £4.20 142 +£1.75 5.135 <0.001 0.911
8 MxL 44.46 + 2.69 43.64 + 3.13 0.83 +£2.21 2.357 0.024 0.720
9. MdL 65.70 + 5.64 65.04 + 6.40 0.66 £+ 2.05 2.029 0.049 0.950
10. Ul to NA 7.35+3.24 7.34 £3.25 0.01 £ 1.05 0.060 0.952 0.947
11. L1to NB 7.36 + 2.69 6.87 £2.81 0.49 £ 0.76 4.077 <0.001 0.963
12. ULP 6.21 £2.25 6.08 £ 2.55 0.13 +£1.18 0.699 0.489 0.888
13. LLP 5.88 +£2.72 525+ 275 0.63 +0.83 4.758 <0.001 0.954

p < 0.05 — Significant; p < 0.01 — Very significant; p < 0.001 — Most significant.

The results of the study showed that the linear measure-
ments i.e. anterior facial height (AFH), Posterior facial height
(PFH), Upper lip length (ULL), Lower lip length (LLL), Anterior
cranial base length (ACBL), Posterior cranial base length
(PCBL), Maxillary length (MxL), Mandibular length (MdL),
Lower incisor to NB line (L1 to NB) and Lower lip protrusion
(LLP) showed statistically significant differences in the digital
and manual methods. Similar to the findings of this study,
Santoro et al'’ and Celik et al® found significant differences in
anterior facial height (AFH) and posterior facial height (PFH)
ratio between both the tracing techniques. Agarwal et al'®
found significant differences for both anterior cranial base
length (ACBL) and posterior cranial base length (PCBL).
Celik et al® found significant difference for mandibular length
(MdL), while contrary to present study, Singh et al'° did not
find any significant difference between the digital and manual
tracing for mandibular length (MdL).

Gregston et al,”° Ozsoy et al'” and Krishnaraj et al’* found
significant differences in mean values of Ulto NA and L1to NB, in
contrast of this, Bruntz et al* and Paixao et al?® did not find sig-
nificant difference in the two techniques for these parameters.
Contrary to the findings of present study, Uysal et al,™ Celik et al®
and Agarwal et al*® showed significant difference only for U1 to
NA, but did not find significant difference for L1 to NB.

In the present study, the significant differences found for
both Upper and lower lip length (ULL and LLL) supports the
findings of Agarwal et al,'® while contrary to this, Celik et al®
did not find any significant difference between the two tech-
niques for upper lip length (ULL). The present study showed
significant difference for the lower lip protrusion (LLP) be-
tween the two techniques, this is corroborated by the findings
of Cooke and Wei”® that lip prominence points are poor
landmarks to identify.

All the linear measurements that showed statistically sig-
nificant difference were clinically acceptable based on the
criteria stated by Chen et al® and Schulze et al.” According to
them, when the measurement difference is less than 2 units
(mm or degree) i.e. within the one standard deviation of norm
values of conventional cephalometric analysis between the
two techniques, it is considered to be clinically insignificant or
clinically acceptable.

The angular measurements, Mandibular plane angle (MP),
Occlusal plane angle (OP), Saddle angle (SA), Articular angle
(AA), Gonial angle (GA) and Facial angle (FA) showed statisti-
cally significant differences in the digital and manual
methods. Naini et al** and Santoro et al'® found significant
difference for mandibular plane angle (MP) while contrary to
this, Uysal et al,'' Celik et al® and Singh et al’® found no

Table 2 — Comparison for angular measurements between manual and digital techniques.

S. no. Parameter = Manual (mean + SD) Digital (mean + SD)  Difference (mean + SD) “t” “p” “r’

1. SNA 82.63 + 3.79 82.76 + 4.17 —0.141 + 0.80 —0.484 0.631 0.902
2. SNB 78.35 + 4.49 78.89 &+ 5.05 —0.541 + 0.72 —1.967 0.056 0.942
3. ANB 4.23 +3.39 3.89 £ 3.58 0.331 £ 0.18 1.779 0.083 0.944
4. Ul to NA 30.33 + 8.36 30.56 + 8.40 —0.242 + 0.67 —0.556 0.581 0.949
5. L1 to NB 30.05 + 7.46 29.86 + 7.02 0.202 + 0.53 0.488 0.629 0.941
6. IIA 115.10 + 12.42 115.70 £ 12.58 —0.602 + 0.74 -1.371 0.178 0.976
7. MP 28.23 + 6.07 29.11 +£ 6.32 —0.881 + 0.74 —3.215 0.003 0.962
8. (0) 4 18.85 + 3.10 23.63 + 2.79 —4.78 £+ 2.00 —15.138 0.000 0.775
9. SA 125.78 +5.37 124.76 +5.48 1.02 +2.32 2771 0.009 0.909
10. AA 141.75 £ 5.61 143.66 + 6.76 —1.91 £+ 2.60 —4.642 0.000 0.929
11. GA 122.90 + 6.41 120.91 + 7.43 1.99 + 2.00 6.294 0.000 0.969
12. STC 15.80 + 6.85 16.02 + 7.06 —0.22 £ 1.75 —0.786 0.437 0.969
13. FA 87.50 = 3.92 88.50 +4.71 -1.00 £ 1.70 —3.716 0.001 0.938

p < 0.05 — Significant; p < 0.01 — Very significant; p < 0.001 — Most significant.
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significant difference between the two techniques for the
same. Chen et al® and Gregston et al’° found significant dif-
ference for Occlusal plane angle (OP), which supports the
finding of this study, while contrary to the present study, Lai
et al”® did not find any significant difference for mandibular
plane angle (MP) as well as Occlusal plane angle (OP).

Contrary to the findings of the present study, Ozsoy et a
and Krishnaraj et al’* did not find significant difference for
mandibular plane angle (MP), Saddle angle (SA), Articular
angle (AA) and Gonial angle (GA). In contrast to this Agarwal
et al'® found significant difference for the mandibular plane
angle (MP), Occlusal plane angle (OP) and Gonial angle (Go)
whereas no difference was found for Saddle angle (SA) and
Articular angle (AA) in their study.

The significant difference found for Facial angle (FA) in this
study was supported by the findings of Bruntz et al* whereas it
disagreed with the results of Agarwal et al."® No significant
difference was found in the present study for the angles SNA,
SNB, ANB, Ulto NA, L1 to NB and Interincisal angle, similar to
the findings of Bruntz et al,* Uysal et al'’ and Paixao et al,*”
and contrary to this, Naini et al** found significant differ-
ence between two techniques for the above parameters.

Chen et al® and Lai et al*® found that there was no signifi-
cant difference for SNA, SNB and ANB, whereas significant
difference was found for interincisal angle, while Gregston
et al” and Celik et al® found significant difference only in L1 to
NB angular value and there was no difference found for rest of
the parameters. Santoro et al*’ found significant differences
for SNA, ANB and interincisal angle, while there was no dif-
ference found for SNB, whereas contrary to this Ozsoy et al'?
showed significant differences for SNB only, and there was
no significant difference found for other parameters.

Krishnaraj et al’* found significant difference in U1-NA,
and no differences were found for SNA, SNB and L1 to NB,
while Agarwal et al'® found significant difference for SNA,
ANB and U1 to NA, and there was no difference found for SNB,
L1to NB and interincisal angle. Singh et al'® found significant
difference for SNB and L1 to NB, while SNA, ANB, U1 to NA and
Interincisal angle showed no differences for the two
techniques.

The present study showed that there was no significant
difference found for soft tissue facial convexity. This finding
supports the finding of Kublashvilli,?® while contrary to this,
Agarwal et al’® found statistically significant difference be-
tween the two techniques for soft tissue facial convexity
parameter.

Amongst all the angular measurements that showed sta-
tistically significant difference between the manual and digi-
tal technique, all were clinically acceptable except SN-OP
angle as per the criteria®® quoted previously. The SN-occlusal
plane measurements were affected by the double images of
the occlusal surfaces of the teeth, interfering with easy iden-
tification of the occlusal plane. Also the occlusal plane was
marked automatically on the digital image and may not
correspond to that drawn in the manual method, which could
be responsible for variation in readings of this parameter be-
tween the two techniques.

The differences in measurements between the soft- and
hard copies for the present study were more significant for
linear than angular measurements similar to the results of Lai

112

et al’® and Celik et al.° Differences in measurements of 10 out
of 13 linear measurements were significant while differences
in measurements of only 6 out of 13 angular measurements
were statistically significant.

The difference in measurements between the two methods
could be due to the fact that certain hard tissue landmarks
such as articulare, gonion, porion, menton, gnathion, orbitale
and point ‘A’ lie on poorly defined outlines or low contrast
areas, and also some of the soft tissue landmarks such as Li,
Ls, Me’, Pog’ and Sn are present on the contoured area, making
them difficult to locate on radiographs in manual technique.
These are substantiated by the findings of Houston et al,*
Gregston et al,*° Santaro et al’’ and Ozsoy et al,’” who also
found difficulties in locating landmarks Ar, Gn, Go, Po, Or,
lower incisor apex, Me, Pog, and point A. During manual
tracing different reference planes were constructed to assist
in identifying points Gn, Me and Go, which was not possible
with on-screen digitization, where these points were marked
by the operator with a single click of the mouse without any
reference plane construction. Baumrind and Frantz® reported
tracing difficulties of the incisor position and variation in
incisor angular measurements between tracing methods.

Thus, it can be stated that Nemoceph digital imaging
software program can be reliably used with good accuracy for
the measurements of most of the parameters used in routine
clinical practice. Further research needs to be done on the
evaluation of digital cephalometry with a larger sample size to
ensure reproducibility and reliability of the cephalometric
software program.

5. Conclusions
The following conclusions were drawn from the study:

1. Digital measurements obtained from monitor-displayed
images (soft copy) were found to be reproducible and
comparable to the manual method done on its hard copy,
for all the measurements except occlusal plane angle (SN-
Occlusal plane), which showed clinically significant dif-
ference between the two techniques.

2. Amongst the linear measurements, Anterior facial height
(AFH), Posterior facial height (PFH), Upper lip length (ULL),
Lower lip length (LLL), Anterior cranial base length (ACBL),
Posterior cranial base length (PCBL), Maxillary length (MxL),
Mandibular length (MdL), Lower incisor to NB line (L1 to NB)
and Lower lip protrusion (LLP) showed statistically signifi-
cant difference between the two techniques, but were
clinically acceptable.

3. Amongst the angular measurements, Mandibular plane
angle (MP), Occlusal plane angle (OP), Saddle angle (SA),
Articular angle (AA), Gonial angle (GA) and Facial angle (FA)
showed statistically significant difference between the two
techniques, but were clinically acceptable.

4. Measurements of all linear variables were found to be
higher by manual technique except ramus height. Angular
measurements ANB, L1 to NB, Saddle angle (SA) and Gonial
angle (GA) were measured higher by manual technique and
rest of the measurements were measured higher by digital
technique.
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