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Comparative Analysis of Accuracy between Computerized
Tomography and Cephalogram for 3-Dimensional Measurement of
Maxillofacial Structure
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— Abstract -

Background: The purpose of this study is to evaluate the accuracy of measurements
obtained from 3-dimensional computerized tomography and 3-dimensional cephalogram
constructed by using the frontal and lateral cephalogram of six human dry skulls.

Materials and Methods: After CT scans and each cephalograms were taken, 3-
dimensional coordinates(X. Y, Z) of landmarks were obtained using computer programs.
In this study, the accuracy of both methods were determined by means of 14 linear
measurements compare with caliper measurements.

Results: The standard deviation of landmarks of 3-dimensional CT and 3-dimensional
cephalogram were 0.23 ms and 0.30 mn in X axis, 0.27 »n and 0.25 m in Y axis, and 0.27 mn
and 0.31 mn in Z axis. In both methods, the standard deviation were less than 0.5 mn In
all landmarks, and the most of landmarks showed less than 1 am in range.

Concerning the accuracy. the mean difference between 3-dimensional CT and
manual measurements was 0.33 »n, and 1.13 mm between 3-dimensional cephalogram
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and manual measurements. The distance between RGo and LGo showed the largest

difference (2.03 mn). There were highly significant, and large correlation with manual

measurements in both methods (p<0.01).

Conclusion: It is concluded that closeness of repeated measures to each skulls

reveal the precision of both methods. Computerized tomography and cephalogram for
3-dimensional measurement of maxillofacial structure are equivalent in quality to

caliper measurements.

Key Words: 3-dimensional computerized tomography, 3-dimensional cephalogram,
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Table 1. Landmarks and measurements used in present study

Landmarks

1.
. RZf(right zygomatico-frontal suture) : the point on medial margin of right

Na(nasion) : the most anterior point of the nasofrontal suture

zygomatico-frontal suture at intersection of orbit

LZf(left zygomatico-frontal suture) : the point on medial margin of left
zygomatico-frontal suture at intersection of orbit

ROr(right orbitale) : the lowest point of the right orbit

. LOr(left orbitale) : the lowest point of the left orbit

ANS(anterior nasal spine) : the tip of the bony anterior nasal spine
A(subspinale) : the deepest point between anterior nasal spine and supradentale
SD(supradentale) : the lowest, most anterior point between the upper incisors
ID(infradentale) : the highest, most anterior point between the lower incisors

. B(supramentale) : the most anterior part of the mandibular base

. Pog(pogonion) : the most anterior point of the bony chin

. Me(menton) : the most caudal point in the outline of the symphysis

. RGolright gonion) : the most posteroinferior point in the right mandibular outline
. LGo(left gonion) : the most posteroinferior point in the left mandibular outline
. RPol(right porion) : the most superior point in the right external auditary meatus
. LPo(left porion) : the most superior point in the left external auditary meatus

Linear Measurements

1. RPo - ROr 6. Na - Me 11. A - ROr
2. LPo - LOr 7. ANS - Pog 12. A-LOr
3. RGo - Me 8. ROr - LOr 13. B - RGo
4. LGo - Me 9. RGo - LGo’ 14. B - LGo
5 A-B 10. RZf - LZf
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Fig. 1. Magics view program and three-dimensional images used in present study.
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Fig. 2. Schematic drawing of biplanar radiography.
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Table 2. Mean standard deviation and range of measures in coordinates of 3-D CT (un)

X coordinate

Y coordinate

Z coordinate

SD Range SD Range SD Range

Na 0.25 0.53 0.13 0.34 0.31 0.68
RZy 0.14 0.33 0.20 0.47 0.15 0.40
LZy 0.21 0.55 0.25 0.60 0.17 0.42
ROr 0.38 1.04 0.27 0.62 0.26 0.62
LOr 0.27 0.69 0.24 0.50 0.36 0.88
ANS 0.19 0.44 0.31 0.76 0.10 0.25
A 0.25 0.59 0.29 - 0.71 0.41 0.90
SD 0.26 0.60 0.35 0.84 0.28 0.66
ID 0.21 0.51 0.24 0.54 0.18 0.44
B 0.06 0.14 0.41 0.99 0.25 0.52
Pog 0.16 0.37 0.23 0.53 0.23 0.61
Me 0.23 0.48 0.21 0.45 0.34 0.76
RGo 0.27 0.70 0.32 0.72 0.22 0.52
LGo 0.35 0.89 0.25 0.58 0.41 1.08
RPo 0.18 0.44 0.24 0.64 0.27 0.61
LPo 0.28 0.73 0.42 1.00 0.32 0.76
Mean 0.23 0.56 0.27 0.65 0.27 0.63

SD: standard deviation: Na: nasion: RZf: right zygomatico-frontal suture: LZf: left

zygomatico-frontal suture; ROr: right orbitale: LOr: left orbitale:

ANS: anterior nasal

spine: A subspinale: SD: supradentale: ID: infradentale: B: supramentale: Pog: pogonion;
Me: menton: RGo: right gonion: LGo: left gonion: RPo: right porion: LPo: left porion
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Table 3. Mean standard deviation and range of measures in coordinates of 3-D cephalogram (mn)

X coordinate Y coordinate Z coordinate

SD Range SD Range SD Range

Na 0.38 1.03 0.25 0.64 0.41 1.00
RZy 0.30 0.78 0.28 0.68 0.48 1.22
LZy 0.37 0.91 0.27 0.69 0.47 1.18
ROr 0.27 0.69 0.32 0.81 0.38 0.92
LOr 0.26 0.67 0.21 0.55 0.43 1.16
ANS 0.26 0.65 0.26 0.67 0.22 0.58
A 0.12 0.30 0.32 0.76 0.23 0.55
SD 0.29 0.73 0.24 0.60 0.28 0.66
ID 0.23 0.62 0.25 0.65 0.28 0.69
B 0.25 0.65 0.26 0.69 0.24 0.58
Pog 0.37 0.87 0.29 0.77 0.25 0.67
Me 0.41 1.03 0.20 0.52 0.30 0.73
RGo 0.36 0.82 0.15 0.40 0.25 0.65
LGo 0.38 0.98 0.20 0.44 0.20 0.50
RPo 0.24 0.66 0.22 0.56 0.28 0.71
LPo 0.25 0.57 0.26 0.65 0.25 0.66
Mean 0.30 0.75 0.25 0.63 0.31 0.78

SD: standafd deviation: Na: nasion: RZf: right zygomaticofrontal suture: LZf: left

zygomaticofrontal suture; ROr: right orbitale: LOr: left orbitale:

ANS: anterior nasal

spine; A: subspinale: SD: supradentale: ID: infradentale: B: supramentale: Pog: pogonion:
Me: menton: RGo: right gonion: LGo: left gonion: RPo: right porion: LPo: left porion
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Table 4. Mean standard deviation and range of distance between landmarks by methods(nm)

Caliper 3D CT 3-D cephalogram

SD Range SD Range SD Range

1. RPo-ROr 0.08 0.20 0.17 0.41 0.35 0.92
2. LPo-LOr 0.10 0.24 0.18 0.43 0.21 0.51
3. RGo-Me 0.15 0.36 0.19 0.45 0.20 0.50
4. LGo-Me ¢.10 0.25 0.30 0.77 0.24 0.62
5. A-B 0.10 0.23 0.17 0.41 0.16 0.40
6. Na-Me 0.14 0.3t 0.25 0.65 0.14 0.36
7. ANS-Pog 0.07 0.16 0.24 0.58 0.07 0.16
8. ROr-LOr 0.08 0.20 0.24 0.54 0.16 0.37
9. RGo-LGo 0.09 0.22 0.23 0.56 0.16 0.43
10. RZf-LZf 0.08 0.19 0.23 0.59 0.21 0.53
11. A-ROr 0.09 0.23 0.25 0.62 0.24 0.55
12. A-LOr 0.07 0.18 0.37 0.97 0.16 0.43
13. B-RGo 0.09 0.22 0.16 0.41 0.26 0.64
14. B-LGo 0.10 0.25 0.18 0.42 0.23 0.59
Mean 0.10 0.23 0.23 0.56 0.20 0.50

SD: standard deviation; RPo-ROr: distance between right porion and right orbitale:
LPo-LOr: distance between left porion and left orbitale: RGo-Me: distance between
right gonion and menton: LGo-Me:® distance between left gonion and menton: A-B:
distance between subspinale and supramentale: Na-Me: distance between nasion and
menton: ANS-Pog: distance between anterior nasal spine and pogonion: ROr-LOr:
distance between right and left orbitales: RGo-LGo: distance between right and left
gonions: RZf-LZ{: distance between right and left zygomaticofrontal sutures: A-ROr:
distance between subspinale and right orbitale: A-LOr: distance between subspinale
and left orbitale: B-RGo: distance between supramentale and right gonion: B-LGo:
distance between supramentale and left gonion

0.5 me] FFHAE BAou, AR FHIME
Agtel 1 m oo 2 Hw EUTHE 3).

A9 3D CT AZA 2 349 55w
AR AEA e vl

g AZSATNAN 2 A2 I
o Azlg AAZA g vmete 1 YL ¢
ohmste.

2 dFdN LE ASYPES caliperZ 53
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Table 5. Mean difference of distance and
correlation coefficient between

Table 6. Mean difference of distance and
correlation coefficient between caliper

caliper and 3-D CT measurement and 3-D Cephalogram measurement
Difference(nm) Y Difference(mn) Y
1. RPo-ROr 0.39 0.994** 1. RPo-ROr 0.77 0.992**
2. LPo-LOr 0.37 0.994** 2. LPo-LOr 1.08 0.988**
3. RGo-Me 0.34 0.998** 3. RGo-Me 1.10 0.997**
4. LGo-Me 0.39 0.998** 4. LGo-Me 1.61 0.999**
5. A-B 0.27 0.993** 5 A-B 0.44 0.979*
6. Na-Me 0.46 0.998** 6. Na-Me 1.44 0.989**
7. ANS-Pog 0.35 0.995** 7. ANS-Pog 0.71 0.976**
8. ROr-LOr 0.33 0.998** 8. ROr-LOr 1.07 0.999**
9. RGo-LGo 0.36 0.999** 9. RGo-LGo 2.03 1.000**
10. RZf-LZf 0.32 0.998** 10. RZf-LZf 1.13 0.999**
11. A-ROr 0.33 0.997** 11. A-ROr 0.52 0.996**
12. A-LOr 0.17 0.997** 12. A-LOr 0.96 0.996**
13. B-RGo 0.28 0.997** 13. B-RGo 1.20 0.998**
14. B-LGo 0.34 0.998** 14. B-LGo 1.79 0.998**
Mean 0.33 Mean 1.13

y: correlation coefficient: **: p<0.01: SD:
standard deviation: RPo-ROr: distance
between right porion and right orbitale:
LPo-LOr: distance between left porion and
left orbitale; RGo-Me: distance between
right gonion and menton: LGo-Me: distance
between left gonion and menton: A-B:
distance between subspinale and supramentale:
Na-Me: distance between nasion and menton:
ANS-Pog: distance between anterior nasal
spine and pogonion: ROr-LOr: distance between
right and left orbitaless RGo-LGo: distance
between right and left gonions: RZf-LZf:
distance between right and left zygomat-
icofrontal sutures: A-ROr: distance between
subspinale and right orbitale: A-LOr:
distance between subspinale and left orbitale:
B-RCo: distance between supramentale
and right gonion: B-LGo: distance between
supramentale and left gonion
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y: correlation coefficient: **: p<0.01: SD:
standard deviation: RPo-ROr: distance
between right porion and right orbitale:
LPo-LOr: distance between left porion and
left orbitale: RGo-Me: distance between
right gonion and menton: LGo-Me: distance
between left gonion and menton: A-B:
distance between subspinale and supramentale:
NaMe: distance between nasion and menton:
ANSPog: distance between anterior nasal
spine and pogonion: ROr-L.Or: distance between
right and left orbitaless RGoLGo: distance
between right and left gonions: RZf-LZf:
distance between right and left zygomat-
icofrontal sutures: A-ROr: distance between
subspinale and right orbitale: A-LOr:
distance between subspinale and left orbitale:
B-RGo: distance between supramentale
and right gonion: B-LGo: distance between
supramentale and left gonion
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RE A2AESo| 0.5 m 0|3} EFUNE B
Aok, 339 FH WARIARACAMS X, Y, 7%
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