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ABSTRACT

This paper presented 3D cephalometric analysis on DICOM data from I-CAT CT cone-beam machine consisted of
averages and standard deviations from 20 Thai males from 19 to 70 year (average 33.53 + 14.08 year) and 20 Thai
females from 16 to 70 year (average 32.60 + 15.37 year). The angular measurements consisted of 49 lateral angular
measurements and 9 frontal angular measurements while linear measurements consisted of 29 lateral linear
measurements, 3 frontal linear measurements, and 8 perpendicular measurements. Results in 3D were compared with the
corresponding 2D results showing that most midline-to-midline linear measurements and some midline-to-midline
angular measurements were not different, while other types of measurements were significantly different. The 3D results
will be used in the clinical Ceph3D services as requested by those with interests on cephalometric analysis and
anthropology with focus on Thai subjects while the 2D results will be used for comparison with cephalometric analyses
from other orthodontists. © 2009 Biomedical Imaging and Intervention Journal. All rights reserved.
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INTRODUCTION

Cephalometric analysis is one of the essential tools
in orthodontic diagnoses as well as craniomaxillofacial
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studied in several ethnic groups [1][2] including Thai
people [3].

However, 2D-cephalometry is a projection image of
3D-structures, which has several disadvantages including
non-homogenous enlargement and distortion on lateral
structures, inaccurate landmark locations due to
overlapping structures, and landmarks that appear on the
lateral may not appear on the frontal image or vice versa.
Misaligned head position may lead to fault diagnosis.

In addition, using average measurements of left and
right structures in 2D-cephalometry as though both sides
of the face are symmetrical is not realistic since human
face is rarely symmetrical [4]. Olszewski et al. has
demonstrated that 3D analysis gives the same results and
adequate diagnoses as 2D analysis using the same skull
[5] while Adam et al. has shown that using a 3D method
is more precise with 4-5 times more accurate than the 2D
approach [6]. However, a few 3D cephalometric analysis
researches were focusing on a large number of samples
[7-8] including Thai cephalometric researches [9-10] but
most of them did not take landmarks on facial soft tissue
into account.

METHODOLOGY

Hardware and Software

I-CAT cone beam CT scan was used with 512 x 512
matrices, radiation at 120 kV and 87.75 mAs taken at
0.4 mm slice thickness. Simplant Master™ (Materialise
N.V.), medical image processing software, was used for
3D reconstruction from CT DICOM data with 0.4 mm
interpolated slice thickness. All anatomical landmarks
were first identified on the 3D model, and their positions
were verified in multi-planar reformat mode in axial and
sagittal views.
The selected means and standard deviations plots of
thirty eight landmark positions from repeated tests can be
classified according to craniofacial landmarks types
including 5 Anterior Cranial based, 5 Nasomaxillary
Complex, 10 Mandible, 14 Dentition, and 4 Soft tissue to
be listed in details as follows:
1. Anterior Cranial Based Landmarks including
Nasal (N), Sella (S), Left Porion (PoL), and
Right Porion (PoR)

2. Nasomaxillofacial complex landmarks
including Subspinal (A), Anterior Nasal Spine
(ANS), Posterior Nasal Spine (PNS), Basion
(Ba), Left Orbitale (OrL), and Right Orbitale
(OrR)

3. Mandible landmarks including Left Gonion
(GoL), Right Gonion (GoR), Left Condyle
Head (CondL), Right Condyle Head (CondR),
Center of Left Condyle (CcL), Center of Right
Condyle (CcR), Subspinal (B), Pogonion (Pog),
Menton (Me), and Gnathion (Gn)

4. Dentition Landmarks including Upper left

incisor tip (A1L), Upper right incisor tip (A1R),
Upper left incisor apex (ARL),Upper right
incisor apex (ARR), Lower left incisor tip
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(B1L), Lower right incisor tip (B1R), Lower
left incisor apex (BRL), Lower right incisor
apex (BRR), Upper left Canine tip (A3L),
Upper right Canine tip (A3L), Lower left
Canine tip (B3L),Lower right Canine tip (B3R),
First Buccal of the first Left Molar (B6L), and
First Buccal of the first Right Molar (B6R)

5. Soft Tissue Landmarks including Pronasale
(PRN), Labial Superior (Ls), Labial Inferior
(Li), and Soft Tissue Pogonion (PG)

Fifty-eight angular measurements, forty linear
measurements, and a ratio [11-14] based upon thirty-
eight landmarks were analyzed from CT radiographs of
20 men and 20 women, non-severe malocclusion Thai
patients. The ages of 20 males were ranged from 19 to
70 years with the mean of 33.53 + 14.08 years while the
ages of 20 female patients were ranged from 16 to
70 years with the mean of 32.60 + 15.37 years.

Linear measurements consisted of 31 lateral linear
measurements including 9 midline-to-midline, and
22 lateral-to-lateral, 3 frontal and 8 perpendicular linear
measurements to be listed along with the analysis results
in Table 1.

Angular measurements consisted of 49 lateral
angular measurements including 19 three or four points
all midline, 10 one point midline and two point lateral,
6 midline-midline to  midline-lateral four points,
4 midline-lateral to lateral-lateral ~ four  points,
8 midline-midline to lateral-lateral four points, 2 four
point lateral, and 9 frontal angular measurements to be
listed along with the analysis results in Table 2.

Fig la and 1b depicted 3D images where
3D cephalometric analysis was derived from Simplant
CMF™  was applied to calculate  default
2D cephalometric analysis in form of lateral x-ray in
Fig 1c. Applying sagittal plane readjustment to display
an  x-ray image of frontal skull and get 2D frontal
analysis as shown in Fig 1d. Subsequently, 3D
cephalometric  analysis  was  compared  with
corresponding 2D lateral and frontal analysis.

Analyses and Calculations

Data of 20 males and 20 females were digitized and
had landmarks located five times by the same operator
for the test of accuracy and reliability. Dahlberg’s
formula of standard errors was applied to analyze the
positions of 38 landmarks as applied in the work of
Hashim [15] which is the square of different between
mean position and actual results on x, y, and z axis.

5 diZ
D\izlm 1)

The means and standard deviations of landmark
positions on X, y, and z axis will be plotted as ellipsoid
along with and a set of 5 landmarks from repeated tests
by using MATLAB® as shown for the case of Sella
Turcica (Point S) in Figure 2. After obtaining the linear
and angular measurements, paired T-Test through
command TTEST of Microsoft Excel® was used to
analyze the differences between 3D and 2D
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Table 1 Linear cephalometric results from male and female samples.
Types of Linear Men Female P P
Linear Measurements  Mean+SD  Mean * SD % P | MeantSD MeanzSD % P M-FM-F
Measurement (Degrees) 3D 2D Diff 3D 3D 2D Diff 3D 3D 2D
2D 2D
A-B 34.20+£0.52 34.19+052 0.88NS | 40.56+5.33 40.94+6.75 0.92NS NS NS
ANS-Me 65.34£0.20 65.34+0.20 0.98NS | 69.01+6.98 68.29+9.81 1.05NS NS NS
N-ANS 5424 +4.79 5424+479 0.68NS | 49.77+£3.32 50.10£5.69 0.66NS ** NS
Midline S-ANS 8495+0.16 84.84+0.22 0.88NS | 81.53+4.74 7852+11.8 3.84NS *** *
To S-N 66.51+£0.78 66.36+0.84 1.72NS | 64.77+3.12 60.96+139 6.25NS *** *
Midline ANS-A1L 29.83+£2.67 29.40+2.68 0.24***| 30.00+3.70 29.45+384 1.85* NS NS
ANS-A1R 29.95+267 30.02+429 152NS | 30.12+3.68 30.13+£525 0.05NS NS NS
Me-B1L 43.20+2.92 43.10+293 1.46***| 4224+4.05 42.08+4.06 0.38*** NS NS
Me-B1R 43.09+2.86 43.76+7.79 0.23NS | 4227+3.93 42.78+8.22 120NS NS NS
A-OrL 49.90£2.91 34.04+2095 46.59*** | 46.66 £3.63 44.44+3.04 5.01*** *xx kkx
A-OrR 49.49+2.74 3391+3.01 4597*** | 46.78 +3.27 43.93+2.92 6.49*** *  xx*
A - CondL 98.45+4.31 83.24+5.45 18.27*** | 9422 +450 78.23+8.17 20.45%*** ** **
A - CondR 98.73+3.96 84.17+7.19 17.30*** | 9456 +4.39 79.84+10.4 18.45*** ** NS
A-CcL 98.20+3.96 82.08+4.56 19.64*** | 093.71+4.68 55.44+3.66 69.02*** ** xxx
A-CcR 98.48 £3.93 8258 +8.46 19.25*** | 94.09+4.35 52.10%5.19 80.60*** ** *xx
CcL-GoL 55.08+5.70 54.25+7.68 153NS | 5253+5.11 5159+7.09 1.82NS NS NS
CcR-GoR 54.93+5.83 55.09+795 0.29NS | 52.63+557 52.67+854 0.08NS NS NS
Gn - CondL 128.49+£6.70 117.20+6.86 9.63*** | 124.85+6.50 113.15+8.12 10.34*** * =
Lateral Gn - CondR 128.97 £6.92 116.58 +14.1 10.63*** | 12552 +6.65 113.01+14.2 11.07*** * NS
to Me-CcL 12364 £6.45 72.77+7.24 5.49***|120.09+6.09 107.47+£7.72 11.75%** *  ***
Lateral Me-CcR 12403+6.60 74.07+7.65 6.39***|120.67+6.31 108.12+9.42 11.60*** *  ***
Me-GoL 88.21+4.30 9594 +522 21.22***| 86.12+457 70.73+7.89 21.77*** *  **x
Me-GoR 88.86 £4.27 95.20+6.20 19.96*** | 86.29 £4.69 72.12+8.88 19.66*** ** xxx
Me-OrL 10251 £5.27 111.46+6.80 6.85*** | 9851+7.36 92.87+6.86 6.07*** *  ***
Me-OrR 102.28 £4.96 111.59+9.23 7.43*** | 08.63+7.19 9190+8.29 7.32%** *  k*
Pog — CondL 126.60 £6.76 115.11+7.00 9.98*** | 122.99+6.41 110.89+8.33 10.91*** * *
Pog - CondR 127.07 £6.99 11558 +8.57 9.94*** | 123.74+6.49 111.99+9.29 10.49*** * NS
B1L - CcL 107.49+4.78 93.64+10.9 14.78*** | 103.74 +4.92 88.48+12.2 17.25*** ** =
B1R - CcR 108.12 £5.13 9454 +12.0 14.37*** | 104.17+4.72 89.69+ 140 16.15*** * NS
AlL -OrL 66.98 £3.26 5849 +6.67 14.52*** | 63.67 £5.58 56.03%7.41 13.64*** NS NS
AIR - OrR 67.17 +3.47 58.87+450 14.11*** | 64.21+5.06 56.19+6.20 14.27*** ** NS
Erontal CcR -CcL 108.06 £1.11 107.78+1.10 0.10***|101.43+6.14 101.21+6.19 0.22* ** **
Left to Right GoR - GoL 105.95+0.65 105.56+0.67 0.21** 90.89 £6.08 90.70£6.13 0.21** ** **
OrL-OrR 64.95+1.22 6475+121 0.12***| 68.72+6.30 68.75+6.32 0.04NS * *
*U1L-NA 9.66 £ 0.21 7.61+£0.24 48.87*** 7.41+£181 4,90 £2.30 51.28*** NS NS
*ULlR-NA 7.34£0.32 7.06 £0.34 38.57*** 6.70 £ 2.02 471 +2.45 42.47*** NS NS
*U1-NA 6.78 £ 1.51 4.71+£2.02 43.77*** 7.06£1.77 4.80+2.31 46.96*** NS NS
Perpendicular *L1L-NB 6.73 £0.23 559 +0.21 9.98*** 6.73 £ 2.58 5.89+296 14.18** NS NS
Distance *L1R-NB 5.96 + 0.53 5.80 £0.45 10.94*** 7.22+251 6.38 £2.64 13.18*** NS NS
*L1-NB 6.68 +1.86 6.05+2.03 10.48*** 6.97 £2.49 6.13+2.74 13.66*** NS NS
UL to E-Line 0.89 £0.76 3.60E-07 £ 16.10*** 291+201 253+215 15.16** NS NS
4.93E-07
LL to E-Line 1.75+0.85 0.87 £0.99 23.93*** 2.68+1.75 232+1.85 1547*** * *
Distance Ratio N-ANS/ANS-Me 83.01+7.31 83.01+7.31 0.03NS | 73.05+9.92 72.84+9.88 0.28NS NS NS
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Table 2 Angular cephalometric results from male and female samples
Types of Angular Men Women P P
Angular Measurements Mean+SD  Mean +SD % P | Mean+SD Mean = SD % P M- M-
Measurement (Degrees) 3D 2D Diff 3D 3D 2D Diff 3D F F
- - 3D 2D
2D 2D
SNA 87.49 + 3.57 86.72 + 8.89 0.89NS 86.89+4.36 8252+17.9 5.30NS NS NS
SNB 84.07 + 3.84 83.30 + 8.68 0.93NS 84.07+344 79.44+175 5.82NS NS NS
ANB 3.73+2.04 3.52+210 5.74** 3.61+2.23 3.54 +3.46 1.94NS NS NS
B1L to NB 4.95+1.35 450+145 10.00*** 543+2.01 475229 1451** NS NS
B1R to NB 5.01+1.32 452+146 10.96*** 5.34 +1.87 472+196 12.97*** NS NS
NSBa 123.21+4.60 123.77+6.71 0.45NS | 124.17+594 125.68 +13.0 1.20NS NS NS
L1L to NB 34.11+3.84 30.50 £5.07 11.84*** 33.64+6.30 29.95+6.77 12.33*** NS NS
Three L1R to NB 30.68+552  30.50 £5.58 0.57*** 30.21+6.63 30.14 +6.67 0.23NS NS NS
or L1L to SN 54.04 £6.51 53.95 £ 6.54 0.17* 53.40+£8.87 53.43+8.94 0.05NS NS NS
Four L1R to SN 53.68 + 7.25 53.58 +7.29 0.17** 5411+7.85 53.79+8.33 0.60NS NS NS
Points XJNLstO oS 65.31+8.41 65.21 £8.41 0.17** 6448777 64.36x7.72 0.19* NS NS
'I?/I\Iildline UlR to 65.36 + 8.68 65.36 + 8.70 0.01NS 65.32+7.10 6531+7.11 0.01NS NS NS
ANS - PNS
UlL to NA 22.36 £ 7.44 21.68+7.76 0.21*** 23.30+£8.03 22.78 £8.25 149.28*** **k xxk
U1R to NA 22.09+7.18 21.39+7.90 0.18*** 2216 +£7.80 21.86+7.83 151.49%*** *xk ok
UlLto L1L 12471 +10.3 12498 +£10.4 3.13* 56.77+115 56.15+12.0 58.50*** NS ***
UlRto L1R 12451 +10.1 124.74+10.3 3.29* 5496 + 10.0 54.45+10.2 59.30*** NS ***
U1L to SN 70.93+7.88 70.85+7.91 0.12* 70.24+731 70.05+7.36 0.27* NS NS
U1R to SN 71.11 £8.09 71.12 £8.08 0.01NS 71.13+6.73 71.23+6.72 0.14NS NS NS
ANS-PNS to SN 6.48 +4.20 6.03 +4.50 7.56*** 6.63 + 3.52 7.27+£9.80 8.77NS NS NS
Ato FHL 11253 +3.04 101.30+18.7 11.08** 113.62+3.04 111.84+4.71 159NS NS *
One Ato FHR 113.23+2.72 100.35+18.6 12.83** 113.79+£3.71 11284+11.1 0.84NS NS **
point Meto GoL toCcL  117.72+6.58 120.19 +10.8 2.06NS | 118.13+4.77 120.65+*6.96 2.09*** NS NS
midline Meto GoRto CcR  117.61+6.47 120.57+11.6 2.45NS | 118.80+5.67 120.52 +8.02 1.43* NS NS
to Gn-GoL to CondL 11436 +6.43 117.06 + 7.22 2.30*** | 114.74+4.83 117.23+7.44 2.12** NS NS
Two Gn-GoR to CondR  114.22+590 116.31+7.25 1.80** 11528 +5.81 116.90 +£8.01 1.39* NS NS
points L1L to FHL 60.24 £ 6.17 59.38 £ 6.62 1.45%** 61.18 +8.67 60.41+9.19 1.27* NS NS
lateral L1R to FHR 60.24 £ 7.46 59.44 £7.40 1.35** 62.02+7.27 61.25+7.67 2.25** NS NS
U1L to FHL 66.64 + 8.67 65.55 + 8.92 1.66*** 64.84+793 6341+7.97 2.25*** NS NS
UI1R to FHR 65.91+848  65.30 +8.27 0.92*** 64.90+6.77 64.21+6.95 1.07*** NS NS
Midline- L1L to GoL-Gn 77.14 £4.52 82.58 +£4.18 6.59*** 78.01+7.40 81.79+4.66 4.62* NS NS
Midline to L1R to GoR-Gn 83.40 + 4.26 82.27 +£4.92 1.37%** 83.72+4.26 82.00£5.53 2.10** NS NS
midline L1L to Me — GoL 8542+383 84.74+463 0.79*** 82.77+£544 81.23+7.88 190* * =*
lateral L1R to Me - GoR 84.46 + 3.98 83.73+£4.80 0.87* 84.07£3.87 81.99+7.43 254* NS NS
Four Me-GoL to SN 46.11+£4.83 34.04+6.20 35.46*** 4576 £4.22 3532+6.84 29.56*** NS NS
Points Me-GoR to SN 45.95+5.03 3353+6.53 37.05*** 4538 +458 33.62+6.53 34.98*** NS NS
Midline- Gn - GoL to POPL 19.66 + 3.66 22.06 +4.83 10.85*** 20.07£5.02 2296+6.34 12.61*** NS NS
:Zgg:m Gn-GORtoPOPR  20.44+436 2250£536 9.16%** | 2071+533 2230653  7.14*** NS NS
::ateral Me-GoL to FHL 35.17 £ 4.62 28.09£6.44 23.12*** 32.77+541 28.09+6.44 16.67*** NS NS
our
points Me-GoR to FHR 34.39 £4.37 2748 £10.0 24.54*** 32.79+£559 2748+10.0 19.35*** NS NS
ANS-PNS to FHL 10.63 +4.08 2.35+2.25 233.93*** 12,12 +3.19 2.35+2.25 415.60*** NS NS
Midline- ANS-PNS to FHR 11.23+3.60 2.33+2.15 284.45*** 11.63 +3.02 2.33+215 399.94*** NS NS
midline to SN to POPL 30.57 £4.93 9.79+£5.60 228.97*** 30.99 £ 4.57 9.79+£5.60 216.48*** NS NS
lateral- SN to POPR 30.13+5.28 10.21 +13.1 249.46*** 29.31+468 10.21+13.1 186.96*** NS NS
lateral SN to FHL 11.68 +4.00 6.91+3.13 113.09*** 13.84 £ 4.01 6.91+3.13 100.20*** * NS
Four points SN to FHR 12.21 +4.00 7.28 £3.64 105.94*** 13.30+£3.78 7.28+3.64 82.61*** NS NS
SN to GoL — Gn 43.27£4.71 31.20+5.80 38.69*** 43.04+4.12 32.07+£530 34.21*** NS NS
SN to GoR - Gn 4321479 30.79%+6.10 40.36*** 42.75+439 31.00+6.05 37.89*** NS NS
Four point FHL to POPL 19.93+5.15 552+ 451 261.04*** 18.43+5.34 5.40+3.71 241.27*** NS NS
Lateral FHR to POPR 19.12 +5.03 5.04 +4.10 279.67*** 17.44 + 5.57 498 +3.31 249.98*** NS NS
CcRto Ato CcL 65.72+3.74 15327 £135 57.12*** 65.42 +3.17 14547 +18.3 55.02*** NS NS
CcRto B1L to 58.62+4.14 11541+17.5 49.20*** 5758 £3.36 10597 +13.5 45.67*** NS NS
CcL
CcRtoBlR to 5858 +4.11 115.20%17.4 49.15*** 57.70£3.29 105.75+13.4 45.44*** NS NS
CcL
il;loar:)t/z:s CcR to Me to CcL 51.13+3.91 70.35+9.10 27.32*** | 49.913+3.30 65.22+7.04 23.48*** NS *
GoR to Me to GoL 66.51+5.14 128.22+17.0 48.12*** 63.69+3.81 117.18 +15.8 4565*** NS *
OrR to Ato OrL 94.00£6.14 104.07 £9.54 9.68*** 94.79£6.09 102.35+7.62 7.39%** NS **
OrR to Me to OrL 41.59 £ 3.22 42.45 + 4.06 2.03*** 40.83+£2.76 41.29+2.95 1.13%** *  **
GoR-GoL to AO 342+199 36.62+26.9 90.65*** 319+153 39.04+257 91.82*** NS NS
OrR-OrL to AO 2.94+1.69 34.14+29.3 91.38* 3.03+1.90 35.89+254 91.54*** NS NS
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Figure1 2D and 3D cephalometric measurements. (a) 3D Lateral, (b) 3D Frontal, (c) 2D Lateral, and (d) 2D

Frontal.
Landmark Plots & STD Ellipsoid Plot of Point 3 (Sella Tursica) far Male Patient A
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Figure 2 The result from repeated tests on sella turcica (Point S).
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measurements and the differences between 2D and 3D
measurements  from male examples and the
correspondent measurements from female examples at
p<0.05. The differences were shown in percentage using
the formula with the results rounded to integers.

I80-2D ], (2)

The paired T-Test results will be shown as the
probabilities to be described as follows: NS is for non
significant for the case with probability over 0.05 which
implied that the pair of analyzed values is
interchangeable while * is for the case with probability
less than 0.05 (p< 0.05), ** is for the case with
probability less than 0.01 (p< 0.01), and *** is for
the case with probability less than 0.001 (p< 0.001)
which implied that the pair of analyzed values is not
interchangeable.

Percent =

RESULTS

The repeated test results of 38 landmarks in males
showed that the highest errors on x-axis were at PNS due
to difficulties to pinpoint the back end of palate (PNS) to
be accurate in all axes simultaneously. The errors on
Y-axis occurred at the highest level at the buccal of the
first right molar (B6R) as well as the left and right
gonion (GoL and GoR) due to the radiographic scattering
from the filling that blur both CT images and rendered
3D images, and The highest error on Z axis were the
upper lip (Ls) and lower lip (Li) due to the difficulties to
pinpoint the position of these 2 soft tissue landmarks
which required an observer to view both sagittal and
lateral projection simultaneous as a counter-check
measure for 3D landmarking.

The repeated test results of 38 landmarks in females
showed that the highest errors on x- axis were at the
upper end of right porion (PoR) due to the limited field
of view (FOV). The errors on Y-axis occurred at the
highest level at the buccal of first right molar (B6R) due
to the radiographic scattering from the filling that blurs
both CT images and rendered 3D images, and the highest
error on Z axis were the subspinal (B), center of right
condyle (CcR), lower lip (Li) and soft tissue pogonion
(PG) due to the difficulties to pinpoint the position of
these landmarks which required an observer to view both
sagittal and lateral projection simultaneous as a
countercheck measure for 3D landmarking.

The paired T-test results of linear measurements
from 20 males and 20 female along with 2D and 3D
comparison were shown in Table 1. Linear measurement
from 20 males showed that most measurements from
midline to midline structures were not significantly
different between 3D and 2D cephalometry as well as
N-ANS/ANS-Me ratio while the other types of
measurements were significantly different. Furthermore,
results from 20 males implied that 2D linear
measurements can be substituted by the corresponding
3D linear measurements in most of midline to midline
cases and a few measurements of lateral to lateral and
N-ANS/ANS-Me ratio.
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Results for corresponding linear measurement from
20 females in Table 1 also showed similar results as male
counterparts with noticeable differences in OrL — OrR,
Gn - CondL, and Gn — CondR showing that 3D and 3D
linear measurements can be substitute for male cases but
not substitutable in female cases and vice versa.

Linear measurement comparisons in Table 1 showed
that linear measurements from male samples are
generally different from the corresponding linear
measurements from female samples, and the 3D linear
measurements are showing larger differences than the
corresponding 2D linear measurements so few 3D linear
measurements from male samples are interchangeable
with the corresponding 3D linear measurements from
female samples. The exceptions are the linear
measurements on perpendicular distances that show
much smaller differences between 2D and 3D linear
measurements; therefore, most of perpendicular
distances from male samples can be interchanged with
the corresponding perpendicular distances from female
samples.

The paired T-test results of angular measurements
from 20 males and from 20 females along with angular
measurements comparisons were shown in Table 2.

Results from 20 males implied that few 2D angular
measurements including SNA, SNB, NSBa, U1R to
ANS-PNS, U1R to SN, Me to GoL to CcL, Me to GoR
to CcR could be substituted by the corresponding 3D
angular measurements while the other angular
measurements could not.

Results from the 20 females also showed similar
results as male counterparts with the additional
2D angular measurement which can be substituted by the
corresponding 3D angular measurements including ANB,
L1R to NB, L1L to SN, L1R to SN, ANS - PNS to SN,
Ato FHL, and A to FHR.

Angular measurement comparisons showed that
most of 2D and 3D angular measurements from male
examples could be interchanged with the correspondent
angular measurements from female examples. However,
the differences were the interincisal angles (U1L-L1L,
U1R-L1R) which show that the 3D measures from males
can be inter-changed with the corresponding results from
females but not interchangeable for the case of
2D angular measurements.

DISCUSSION

The comparison of 3D and 2D linear measurements
derived from midline structure to midline structure (e.g.
A-B, ANS-Me) and measurements derived from lateral
structure to lateral structure (e.g. CcL-GoL, CcR-GoR)
as the example to the measurement of lower face height
in Figure 3a with ANS-Me as the 3D measurement of
lower face height and ANS-Me’ as the 2D measurement
of lower face height. However, all 3D measurements
derived from midline structures to lateral structures were
larger than those of 2D because 2D measurements were
projected image rather than true measurement. Fig. 3b
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Figure 3 The Diagrams showing differences between 3D and 2D linear measurements.

Figure 4 Diagrams showing differences between 3D and 2D angular measurements.
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shows that Me-GoR represents the right mandibular
length in 3D while Me-GoR’ represents the
corresponding distance in 2D.

Angular measurements derived from all the
landmarks in mid-sagittal plane (e.g. SNA, SNB) showed
similar results between 3D and 2D to the level that it can
be substituted as shown the measurement of sagittal
maxillary position in Fig. 4a and 4b with Fig. 4a shows
that SNA’ represents the angular measurement of sagittal
maxillary position in 2D while Fig. 4b shows that SNA
represents the angular measurement of sagittal maxillary
position in 3D. Angular measurements derived from
1point midline to 2 points lateral (e.g. A to FHL, A to
FHR) in 3D showed minor differences from 2D
measurements. However, measurements derived from
4 points in different planes, 3D and 2D data had
significant differences since measurements in 3D were
not measured from the same projected planes as in 2D so
angular measurements in 3D should not be interpreted in
the same way as conventional 2D. Diagrams in Fig. 4c
and (D) show different results between 3D and 2D
measurement of the right mandibular height, the angle
between right mandibular length (Me-GoR) and right
Frankfort Horizontal plane (FHR) which is the plane
through right porion and right orbitale (PoR-OrR).
Fig. 4c shows projected measurement from 2D onto mid-
sagittal plane and Fig. 4d shows that GoR and FHR are
not on the same plane in space.

Landmarks such as left and right porion (PoL, PoR)
along with left and right condylion (CondL, CondR)
were difficult to locate due to the narrow field of view of
the CT scan that was too small to cover these landmarks
in patients with big skulls. In general, the standard
deviations of most measurements in this study were
higher than previous studies [7-9] due to the data
collected from patient group, which have larger variation
than the data collected from population with normal
occlusion.

CONCLUSIONS

The results from Ceph3D analyses will be applied in
the clinical Ceph3D services as requested by those with
interests on cephalometric analysis and anthropology
with focus on Thai subjects while the 2D results will be
used for comparison with cephalometric analyses from
other orthodontists. Nevertheless, the standard Ceph3D
analyses were subjected for the further revisions to
accommodate more types of measurements as well as
more data from subjects.

This page number is not
for citation purposes

REFERENCES

1. Moldez MA, Sato K, Sugawara J et al. Linear and angular filipino
cephalometric norms according to age and sex. Angle Orthod 2006;
76(5):800-5.

2. Hamdan AM, Rock WP. Cephalometric norms in an Arabic
population. J Orthod 2001; 28(4):297-300.

3. Dechkunakron S, Chaiwat J, Sawaengkit P et al. Thai Adult Norms
in Various Lateral Cephalometric Analysis. J Dent Assoc Thai
1994; 44:202-14.

4. Kwon TG, Park HS, Ryoo HM et al. A comparison of craniofacial
morphology in patients with and without facial asymmetry--a
three-dimensional analysis with computed tomography. Int J Oral
Maxillofac Surg 2006; 35(1):43-8.

5. Olszewski R, Cosnard G, Macq B et al. 3D CT-based
cephalometric analysis: 3D cephalometric theoretical concept and
software. Neuroradiology 2006; 48(11):853-62.

6. Adams GL, Gansky SA, Miller AJ et al. Comparison between
traditional 2-dimensional cephalometry and a 3-dimensional
approach on human dry skulls. Am J Orthod Dentofacial Orthop
2004; 126(4):397-409.

7. Park SH, Yu HS, Kim KD et al. A proposal for a new analysis of
craniofacial morphology by 3-dimensional computed tomography.
Am J Orthod Dentofacial Orthop 2006; 129(5):600.e23-34.

8. Bholsithi W, Sinthanayothin C, Chintakanon K et al. Comparison
between 3D and 2D Cephalometric Analysis of 200 Thai Patients.
3rd WACBE Proc, World Congress on Bioeng. 2007.

9. Down Analysis. Sampson WJ ed. Cephalometric Systems Part 3:
Analyses.  Orthodontic Unit, Department of Dentistry, The
University of Adelaide, 1995: 28-30.

10. Katsumata A, Fujishita M, Maeda M et al. 3D-CT evaluation of
facial asymmetry. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2005; 99(2):212-20.

11. Rooppakhun S, Piyasin S, Sitthiseriprati K et al. 3D CT
Cephalometric: A Method to Study Cranio-Maxillofacial
Deformities. Proceeding of ISBME 2006. 2006: 177-81.

12. Frontal Analysis. Sampson WJ ed. Cephalometric Systems Part 3:
Analyses.  Orthodontic Unit, Department of Dentistry, The
University of Adelaide, 1995: 86-90.

13. Chintakanon K. A Prospective Study of Twin Block Appliance
Therapy in Children with Class Il Divisionl malocclusions
Assessed by MRI, 3D-Cephalometry, and Muscle Testing [thesis
for Ph.D]. Dental School, Faculty of Health Sciences, The
University of Adelaide South Australia, Australia, 1999.

14. Miyashita K. Contemporary Cephalometric Radiography. Tokyo:
Quintessence Publishing Co Inc, 1996.

15. Hashim HA, Al-Ghamdi S. Tooth width and arch dimensions in
normal and malocclusion samples: an odontometric study. J
Contemp Dent Pract 2005; 6(2):36-51.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




