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Abstract (J Korean Assoc Oral Maxillofac Surg 2010:36:262-9)

Comparison of the observer reliability of cranial anatomic landmarks based on cephalometric
radiograph and three-dimensional computed tomography scans

Jae-Young Kim?, Dong-Keun Lee?, Sang-Han Lee?
'Department of Oral and Maxillofacial Surgery, Sun Dental Hospital, Daejeon, Korea
’Department of Oral and Maxillofacial Surgery, School of Dentistry, Kyungpook National University, Daegu, Korea

Introduction: Accurate diagnosis and treatment planning are very important for orthognathic surgery. A small error in diagnosis cart-cause pos
operative functional and esthetic problems. Pre-existing 2-dimensional (D) chephalogram analysis has a high likelihoddeofoeitsomtrinsic and
extrinsic problems. A cephalogram can also be inaccurate due to the limited anatomic points, superimposition of the iheagensidérable time
and effort required. Recently, an improvement in technology and popularization of computed tomography (CT) provides the8eDtsamputer
based cephalometric analysis, which complements traditional analysis in many ways. However, the results are affecteerientecaexpthe sub-
ject of the investigator .
Materials and Methods: The effects of the sources human error in 2-D cephalogram analysis and 3-D computerized tomography cephalometric
analysis were compared using Simplant CMF program. From 2008 Jan to 2009 June, patients who had undergone CT, cephai® AP, lat w
investigated.
Results:
1. Inthe 3 D and 2 D images, 10 out of 93 variables (10.4%) and 11 out 44 variables (25%), respectively, showed adfiignéivzet
2. Landmarks that showed a significant difference in the 2 D image were the points frequently superimposed anatomically.
3. Go Po Orb landmarks, which showed a significant difference in the 3 D images, were found to be the artificial poilysigon éin@ 2 D image,
and in the current definition, these points cannot be used for reproducibility in the 3 D image.
Conclusion: Generally, 3-D CT images provide more precise identification of the traditional cephalometric landmark. Greater varisiiitiy of
landmarks in the mediolateral direction is probably related to the inadequate definition of the landmarks in the thirchdimensio

Key words: Anatomic landmark, Reliability, Cephalographic radilograph, 3 dimensional computed tomography (3-D CT)
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Fig. 1. Two-dimensional analysis of V- Fig. 2. Three-dimensional analysis of SimPlant Pro (version 12.02): 3-

Ceph (version 4.0): cephalometric lat- dimentional image and axial, coronal, sagittal view.
eral view.

Fig. 3. Coronal and sagittal view: sagittal plane makes using 3 point (nasion, ANS, dens of axis) coronal plane makes using
porion. (ANS: anterior nasal spine)

Fig. 4. Skeletal landmark distance: measure from 3 standard plane to point.
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Table 1. Definition of landmarks on cephalometric lateral view
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Table 2. Definition of landmarks on 3-D CT view

Landmarks Definition Landmarks Definition

Nasion The "V" notch of frontal, and nasal bones Nasion Anterior limit of nasofrontal suture

Sella The center of Sella Turcica Sella The center of Sella Turcica

A-Point The deepest point between ANS and upper incisor A-Point The deepest point on contour of maxillary alveolar
alvelous process

B-Point The deepest point between Pog and lower incisor B-Point The deepest point on contour of mandibular alveo-
alvelous lar process

ANS The tip of the anterior nasal spine ANS Anterior nasal spine

PNS The tip of the posterior nasal spine PNS posterior nasal spine

Pogonion The most anterior point of the symphysis Pogonion most prominent point of mentum

Gnathion The most inferior point of mandible in the midline Gnathion lowest point on mentum

Menton The most inferior point on the symphyseal outline Menton The most inferior point of mandible in the midline

Basion The most inferior point of the occipital bone Basion Anterior midpoint on foramen magnum

Orbital The most inferior point of the orbital contour Orbitale (R, L) The most inferior point of the orbital contour

Gonion The lowest posterior and most outward point of the Gonion (R.L) The lowest posterior and most outward point of the
mandible mandible

Articulare Intersection of inferior cranial base surface & poste- Porion (R, L)  The most superior point of external auditory meatus
rior surface of condyle ULT (R, L) The tip of the crown of the upper incisor

Porion The most superior point of external auditory meatus U1A (R, L) The tip of the root of the upper incisor

uiT The tip of the crown of the upper incisor LA1T (R, L) The tip of the crown of the lower incisor

U1A The tip of the root of the upper incisor L1A (R, L) The tip of the root of the lower incisor

L1T The tip of the crown of the lower incisor U6T (R, L) The distal contact point of maxillary first molar

L1A The tip of the root of the lower incisor U6A (R, L) The dital buccal root of maxillary first molar

uUeT The distal contact point of maxillary first molar L6T (R, L) The distal contact point of mandibular first molar

UGA The distal buccal root of maxillary first molar L6A (R, L) The distal root of mandibular first molar

L6T The distal contact point of mandibular first molar (3-D CT: 3-dimensional computed tomography)

L6A The distal root of mandibular first molar
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Table 3. Intra-observers error on lateral cephalogram (2D)
and 3-D CT (3D).(mm)

Observer Observer Observer
Author Average
1 2 3

2D X 0.12 0.32 0.35 0.37 0.29
Y 0.10 0.29 0.27 0.29 0.24

X 0.06 0.22 0.21 0.24 0.18

3D Y 0.06 0.29 0.27 0.28 0.22
Z 0.08 0.34 0.36 0.32 0.27

(2D: 2-dimension)

Table4.A. Intra-observer error on lateral cephalogram (mm)
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>
b

02 qu o
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0.020] ¢l th(Table 3)18] 2 AZH RE BRI B4 5
Ei Trszlf& ZFo] 7} 1 th.(Table 5A) 18 v A5 &
ZFe] W= X5 kel A 0.26, Y& W§3Fo) 4] 0.32, Z v
3Fol| A 0.400] 27, x¢4 MP“’ 1.240) 31 ﬁiﬁ% 0.07,

B 1.14,4&&3 008012;10134 %‘ﬂ 7%]%%3 AM= F,

A9l Y wak, PNS9| X, Y& Waf, Bad] Y&H iz, GoL¢
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Table4.B. Inter-observer error on lateral cephalogram (mm)

X coordinate Y coordinate

X coordinate Y coordinate

Mean SD Mean SD Mean SD Mean SD

N 0.06 0.08 0.07 0.20 N 0.21 0.32 0.32 0.81
S 0.08 0.07 0.09 0.10 S 0.35* 0.43 0.37 0.41
A 0.06 0.05 0.08 0.10 A 0.24 0.21 0.31 0.43
B 0.05 0.04 0.10 0.21 B 0.21 0.20 0.56 1.01
ANS 0.08 0.07 0.08 0.17 ANS 0.36 0.41 0.37 0.68
PNS 0.20 0.23 0.09 0.16 PNS 0.82 0.91 0.43* 0.52
Pog 0.05 0.08 0.12 0.22 Pog 0.20 0.34 0.62 0.98
Gn 0.12 0.14 0.17 0.21 Gn 0.61** 0.77 0.81 0.92
Me 0.21 0.23 0.10 0.11 Me 0.83** 0.95 0.41** 0.52
Ba 0.22 0.25 0.23 0.47 Ba 0.99 1.34 1.05 1.88
Or 0.15 0.19 0.06 0.11 Or 0.61 0.84 0.24* 0.45
Go 0.43 0.24 0.13 0.20 Go 1.77 1.05 0.70 0.83
Art 0.16 0.19 0.13 0.20 Art 0.62 0.73 0.74 0.85
Po 0.12 0.14 0.06 0.07 Po 0.49* 0.62 0.24 0.31
uiT 0.02 0.03 0.04 0.05 uiT 0.10 0.13 0.17** 0.21
U1A 0.30 0.32 0.22 0.21 U1A 1.23* 1.29 0.94* 1.02
L1T 0.02 0.03 0.04 0.03 L1T 0.11 0.14 0.16 0.18
L1A 0.10 0.14 0.18 0.21 L1A 0.41 0.55 0.74* 0.89
ueT 0.10 0.13 0.10 0.11 ueT 0.51 0.66 0.43 0.46
UBA 0.11 0.16 0.12 0.20 UBA 0.57 0.63 0.61 0.84
L6T 0.05 0.07 0.08 0.09 L6T 0.20 0.24 0.31 0.34
L6A 0.10 0.12 0.11 0.14 L6A 0.42 0.46 0.55 0.63
Average 0.12 0.13 0.10 0.16 Average 0.53 0.60 0.50 0.69
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Table 5. A. Intra-observer error on 3-D CT (mm)
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Table 5. B. Inter-observer error on 3-D CT (mm)

X coordinate Y coordinate Z coordinate
Mean SD Mean SD Mean SD

X coordinate Y coordinate Z coordinate
Mean SD Mean SD Mean SD

0.02 0.04 0.06 0.08 0.10 0.12
0.05 0.08 0.04 0.06 0.03 0.05
0.02 0.04 0.03 0.05 0.05 0.08
0.02 0.03 0.03 0.04 0.15 0.22
ANS 0.03 0.05 0.05 0.08 0.07 0.11
PNS 0.08 0.11 0.12 0.18 0.10 0.14
Pog 0.11 0.20 0.11 0.12 0.2 0.23
Gn 0.11 0.16 0.18 0.17 0.21 0.26
Me 0.13 0.16 0.08 0.11 0.18 0.22

Ba 0.08 0.11 0.07 0.11 0.04 0.05
OrL 0.07 0.11 0.18 0.21 0.22 0.34
OrR 0.06 0.08 0.18 0.17 0.23 0.40
PoL 0.07 0.10 0.11 0.12 0.22 0.34
PoR 0.07 0.11 0.13 0.12 0.21 0.35
U1AL 0.02 0.03 0.02 0.03 0.04 0.05
ULTR 0.02 0.03 0.02 0.03 0.02 0.03
U1AR 0.02 0.03 0.02 0.03 0.02 0.03
L1TL 0.02 0.03 0.02 0.03 0.02 0.03
L1AL 0.02 0.03 0.02 0.03 0.02 0.03
L1TR 0.02 0.04 0.02 0.03 0.02 0.03
L1AR 0.03 0.03 0.02 0.03 0.02 0.03
UGTL 0.03 0.04 0.03 0.02 0.02 0.03
UGAL 0.02 0.03 0.02 0.03 0.03 0.04
UGTR 0.02 0.03 0.02 0.03 0.03 0.04
UBAR 0.02 0.03 0.02 0.04 0.02 0.04
L6TL 0.02 0.03 0.02 0.03 0.02 0.03
L6AL 0.02 0.03 0.02 0.03 0.02 0.04
L6TR 0.02 0.03 0.02 0.03 0.02 0.03
L6AR 0.02 0.03 0.02 0.03 0.02 0.02
GoL 0.38 0.32 0.12 0.14 0.17 0.19
GoR 0.30 0.31 0.13 0.15 0.14 0.17

W >>wn 2

0.10 0.16 0.29 0.34 0.43 0.54
0.21 0.32 0.19 0.25 0.14 0.24
0.11 0.18 0.14* 0.27 0.27 0.32
0.08 0.13 0.13 0.31 0.63 0.88
ANS 0.19 0.23 0.22 0.34 0.30 0.44
PNS 0.34*  0.50 0.63* 0.77 0.41 0.56
Pog 0.46** 0.81 0.57 0.61 0.81 0.92
Gn 0.44 0.61 0.77 0.79 0.93 1.04
Me 0.64* 0.73 0.33 0.45 0.74 0.88
Ba 0.37 0.55 0.31* 044 0.18 0.19
OrL 0.31 0.49 0.76 0.84 1.13 1.57
OrR 0.27 0.31 0.74 0.79 1.14 1.61
PoL 031 0.47 0.48 0.66 1.14 1.37
PoR 0.33 0.57 0.51 0.61 1.13 1.42
UIAL  0.09 0.13 0.11 0.22 0.15 0.21
UITR  0.07 0.13 0.13 0.18 0.09 0.11
UIAR  0.09 0.12 0.10 0.17 0.12 0.18
L1TL 0.07 0.10 0.10 0.15 0.09 0.13
L1AL  0.08 0.13 0.10 0.13 0.11 0.15
L1TR 0.09 0.13 0.10 0.18 0.08 0.11
L1AR 011 0.14 0.11 0.15 0.09 0.15
U6TL  0.14 0.16 0.13 0.18 0.11 0.19
UGAL 0.10 0.17 0.12 0.23 0.10 0.15
U6TR  0.13 0.21 0.09 0.11 0.10 0.12
UGAR  0.10 0.15 0.11 0.19 0.09 0.21
L6TL 0.09 0.19 0.08 0.12 0.11 0.19
L6AL  0.08 0.18 0.10 0.11 0.14 0.21
L6TR 0.10 0.18 0.09 0.19 0.13 0.22
L6AR  0.11 0.19 0.10 0.22 0.09 0.18
GoL 124 128 0.59* 0.69 0.78 0.81
GoR 120 1.32 0.61** 0.72 0.81 0.86

w > wn 2

Average  0.06 0.08 0.06 0.07 0.08 0.11

Average 0.26 0.35 0.32 0.34 0.40 0.48
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