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Fig. 1. Landmarks for dry skull
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Fig. 2. Measurements for dry skull
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1) N-Ba : cranial base length

2) N-Me : anterior facial height

3) N-ANS : upper facial height

4) ANS-Me : lower facial height

5) N-Go : facial depth (%Z4])

6) Go-Me : mandibular body length (¥=4)
7) Co-Go : ramus height (¥Z4)

8) Co-Me : mandibular length (%&43)
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Fig. 3. Dry skull is fixed in the acrylic box full of water. The
acrylic box is positioned on the CT Hispeed Advan-
tage.

9) ZmLt-ZmRt : maxillary width

10) GoLt-GoRt : mandibular width

11) ANS-PNS : palatal length

12) Co-Pog : mandibular body length 2 (%&4)
13) CoRt-CoLt : intercondylar length

14) OrRt-OrLt : interorbital width
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Fig. 4. A process of 3-Dimensional measurement using V
works program
A @ Formation of three-dimensional image
B : Removal of unnecessary structure, expansion,
‘ rotation
C : Reformation. of the three dimensional image
D : Measurement of the, distance of N-Go.Rt.
The value appears on the right side of monitor.
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Go3
Ant.Go.notch

Fig. 5. Three dimensional landmarks
A Skeletal landmarks
B Soft tissue landmarks
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Fig. 6. Asymmetry patient
Skeletal and soft tissue landmaks of asymmetry
patient in Vmorph-proto program. X, Y. Z value of
each landmark appears on the left side of monitor

Fig. 7. Normal adult
Skeletal and soft tlssue landmaks of normal adult in
Vmorph-proto program. X, Y. Z valus of each land-
mark appears on the left side of monitor
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=4
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4) Pronasale(Prn) : JHA Kol 29 WA
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Table 1. Comparison the direct measurement and the 3-dimensional measurement in Vworks program (unit © mm)
meéasurement 3D T Direct Differenice BExp. ratel%)
N-Ba 100.74 98.73 2.01 2.03
N-Me 116.10 11562 0.48 0.42
N-ANS 49.53 50.57 -1.04 -2.06
ANS-Me 68.05 66.51 154 2.32
ANS-PNS 51.94 49.78 2.16 434
Co-Pog(Rt) 113.81 112.59 1.22 1.08
Co-Pog(Lb) 116.68 114.81 1.87 1.63
N-Go(Rt) 121.97 122.66 -0.68 -0.56
N-Go(Lt) 121.48 12051 097 0.80
Go-Me(Rt) 86.32 83.47 2.3 2.81
Go-Me(Lt) 86.83 85.78 1.05 1.23
Co-Go(Rt) 50.62 50.65 -0.03 -0.06
Co-Go(Lt) 51.07 50.95 0.13 0.25
Co-Me(Rt) 116.25 11391 2.34 2.05
Co-Me(Lt) 117.98 116.59 1.38 1.19
ZmlL-ZmR 92.98 92.11 0.87 0.94
GoL-GoR 96.46 94.94 152 1.60
Or-Or 59.51 60.63 -1.12 -1.85
Co-Co 120.24 118.35 1.89 1.60
Average 0.99 1.04

accidental
3.00
200
o =
L-1.00g7
‘ -2 .o? .

()O

C)O

QO

QO /\}(\ QO

Fig. 8. Differences between the direct and the 3-dimensional measurement in Vworks program
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Table 2. Comparison of the reproducibility of skeletal landmark (unit © mm)

Standard deviation

Facial asynimetry tormal
Skeletal landmaik X Y Z X Y Z
Rt. Sup. Orbitale C043 0.20 0.16 055 0.60 0.32
Rt. Lat. Or. margin 0.23 0.43 ' 0.46 0.41 053 0.68
Rt. Inf. Orbitale 044 0.15 0.17 055 0.17 0.16
Lt. Sup. Orbitale 0.60 0.13 0.18 0.80 0.53 0.45
Lt. Lat. Or. margin 0.23 050 051 0.40 0.34 0.36
Lt. Inf. Orbitale 0.67 0.20 0.16 0.85 0.36 0.23
Nasion 0.31 0.11 0.92 041 0.11 1.00
ANS 0.14 0.03 0.27 0.14 0.07 0.35
A 0.17 0.09 0.73 0.06 0.28 1.04
Upper incisor 0.26 0.23 0.59 0.11 0.18 0.28
Lower incisor 0.22 0.34 0.35 0.15 0.28 1.34
B 0.40 0.86 1.34 031 052 1.30
Pog 055 0.27 1.26 0.36 0.21 158
Me 0.77 0.73 0.46 0.35 0.74 0.10
PNS 0.16 0.17 0.65 0.16 0.29 0.08
Rt. Con. in 0.23 0.25 0.71 0.12 0.43 223
Rt. Con. out 0.16 053 0.9 0.28 0.24 0.84
Lt. Con. in 0.26 0.38 0.46 0.25 0.27 1.65
Lt. Con. out 0.32 0.39 131 0.24 0.38 1.56
Rt. Por 0.23 0.83 011 1.26 1.77 0.56
Rt. Con 0.62 0.59 0.17 0.49 0.41 0.65
Rt. Gol- : 0.22 0.22 071 0.26 0.23 0.80
Rt. Go2 0.39 0.34 0.75 0.35 0.43 0.87
Rt. Go3 0.14 0.71 0.43 0.43 1.60 0.46
Rt. Ant. Go. notch 0.61 1.00 0.90 0.45 0.34 0.31
Rt. S. notch 0.09 0.36 0.20 0.07 0.19 0.18
Rt. Zm 0.30 0.79 0.25 0.39 0.76 0.20
Lt. Por 0.67 0.57 0.24 0.47 0.69 0.24
Lt. Con 0.66 045 0.20 0.60 0.48 0.50
Lt. Gol 0.43 051 0.97 055 0.62 2.03
Lt. Go2 0.26 0.33 1.46 0.17 1.13 1.10
Lt. Go3 0.56 2.36 1.54 0.72 1.4 0.32
Lt. Ant. Go. notch 0.58 1.81 1.42 0.35 0.77 0.38
Lt. S. notch 0.08 0.35 0.17 0.13 0.35 0.21
Lt. Zm 0.34 054 0.21 178 1.71 1.18
Basion 0.33 0.25 0.43 0.14 0.31 0.24
Average of S.D. 0.36 050 0.61 0.42 0.55 0.72
2. SRS CTOMOIN HEE MBO| Bt Rstad | BEgkel BEAAY) e 27 deisio), a9 )
u (Table 2, 3) Z Al A 10009 AFHAE /B ASHE Ly
FE 3N, z23E 6/ 2 Ve, F31e M E xJiE
BEA AZQAN A7 AZP WRH BE V), vAE 5, 23T 1R Jebgeh 2o 34
AAE 108 94 GO P HE s 2 9D wAAAA A2 249 Bl 2 Aol
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Table 3. Comparison of the reproducibility of soft tissue landmark (unit = mm)

Standard deviation

Facial asymmetry Normal L
Soft tissiie landmark X Y Z X Y Z
Rt. EN 0.38 0.21 0.7 0.12 0.06 0.29
Rt. EX 0.38 0.21 048 0.82 102 085
N’ 0.30 0.03 079 048 037 107
Lt. EN 0.17 0.19 0.24 031 0.11 0.36
Lt EX 056 0.35 056 0.48 0.66 0.49
P 0.20 0.03 054 0.30 0.34 0.82
Rt. AL 0.13 0.65 0.72 0.13 0.46. 053
Lt. AL 0.23 0.82 041 0.09 112 063
Rt. UNP 0.37 0.13 0.24 043 0.30 0.42
Rt. LNP 0.33 0.12 067 0.30 0.14 0.49
Lt. UNP 037 028 028 0.45 0.19 033
Lt. LNP 0.30 0.13 0.49 0.38 0.14 0.29
Sn 0.2 0.19 0.39 0.21 021 0.40
Rt. ULP 0.40 0.09 051 0.47 0.21 058
Lt. ULP 052 0.15 0.56 0.73 0.18 0.68
Rt. Ch 031 036 0.18 0.76 0.29 030
St 0.64 0.69 033 0.27 0.28 0.37
Lt. Ch 0.48 054 0.34 048 0.43 0.62
LLC . 0.81 0.07 0.82 054 0.17 055
B’ 0.95 0.49 0.4 0.75 0.15 142
Pog’ 098 031 0.70 082 0.17 135
Me’ 0.84 168 0.09 050 062 0.25
Rt. Pre 021 0.42 052 0.25 0.72 0.60
Rt. Go’ 169 245 171 2.03 213 255
Lt. Pre 0.15 0.56 0.56 0.11 0.66 0.40
Lt. Go' 0.8 142 157 252 183 295
Average of S.D. 049 048 0.56 057 050 0.75
7t stk B H= Zme AdFut kol 9 M d%4 Menton®| Al tha 2 1689 234
gokgo] ANF gy AZAde 05 mwe ®xF  AE EIG
HAE YHAIL dtetell A e dtetzt w99 S
A2l Go2, Go3, antegonial notch7} thAhe HAAE B v &
Aet ole ARHE WA e AFE7) 7} of
27 MEen AZE0. BY Poge T Alg BE Shi 7)Y BAel @Y AuA ARADE AL
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Fig. 9. Reference plane
A @ Frankfort plane
B:Second plane passing through nasion and
basion. tangent to the Frankfort plane
Third plane passing through basion, tangent to
the first and second plane
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- ABSTRACT -

A proposal of landmarks for craniofacial analysis
using three-dimensional CT imaging

Hye-Sook Chang, Hyoung-Seon Baik

Department of Orthodontics, College of Dentistry, Yonsei University

Three-dimensional CT imaging is efficient in examining specific structures in the craniofacial area by reproduc-
ing actual measurements through minimization of errors from patient movement and image magnification. Due to
the rapid development of digital image technology and the expansion of treatment range a need for developing three
-dimensional analysis has become urgent. Therefore the purpose of this study was to evaluate the percentage of

error and magnification of three-dimensional CT using a dried skull and Vworks program
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Korea) and also to obtain landmarks that are easy to designate and reproduce in three-dimensional images using
the Vmorph-proto programTM (Cybermed Inc., Seoul, Korea). The following conclusions were obtained ;

1. In the comparison of actual measurements from the dried skull and the three-dimensional image obtained from
the Vworks program, the mean error was 0.99mm and the magnification was 1.04%.

2. Clinically useful hard tissue landmarks from three-dimensional images were Supraorbitale, Lateral orbital margin,
Infraorbitale, Nasion, ANS, A point, Zygomaticomaxilla, Upper incisor, Lower incisor, B point, pogonion, Menton,
PNS, Condylar inner margin, Condylar outer margin, Porion, Condylion, Gonionl, Gonion2, Gonion3, Sigmoid
notch and Basion.

3. Clinically useful soft tissue landmarks from three-dimensional images were Endocanthion, Exocanthion, Soft
tissue Nasion, Pronasale, Alare lateralis, Upper nostril point, Lower nostril point, Subnasale, Upper lip point,
Cheilion, Stomion, Lower lip center, Soft tissue B, Pogonion, Menton and Preaurale.

The Vworks program can be considered a clinically efficient tool to produce and measure three-dimensional
images. Most of the hard and soft tissue landmarks proposed above are anatomically important points which are
also easily reproducible and designated. These landmarks can be beneficial in three-dimensional diagnosis and the
prediction of changes hefore and after surgery.
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