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Fig 1. Landmarks for manikin: N, soft tissue nasion: En, endocanthion: Ex, exocanthion; Pn, pronasale;

Sn, subnasale; Ala, nasal alare; Ch, cheilion; B’, soft tissue B point; Pog’, soft tissue pogonion; Me’

’

soft tissue menton; Pre, preaurale; Go’, soft tissue gonion.

Fig 2. Vivid 900
(Minolta, Tokyo,
Japan) laser
scanner.
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Fig 3. Formation of 3-dimensional image.
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Fig 4. Detection of landmarks.
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Fig 5. Soft tissue landmarks: T7ri, trichion; G, glabella; N’ soft tissue nasion; En, endocanthion; EXx,
exocanthion; Pn, pronasale; Sn, subnasale; Ala, nasal alare; ULP, upper lip point; Ch, cheilion; LLC,
lower lip point; B°, soft tissue B point; Pog’, soft tissue pogonion; Me’, soft tissue menton; FT7, fronto-
temporal point; Pre, preaurale; CK, cheek point; Go’, soft tissue gonion.

Fig 6. Three-dimensional facial model of manikin.
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Fig 7. Contour line (contour width 0.5 mm).
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Table 1.
3-D laser

Comparison of the reproducibility of the

scanning (unit: mm)

s1el) A A4k

+2d° 4 AF

s ws Standard deviation
Soft tissue landmark -

X Y 74
Nasion’ 0.20 0.16 0.03
Rt endocanthion 0.01 0.11 0.24
[t endocanthion 0.13 0.18 0.18
Rt exocanthion 0.24 0.24 0.20
L.t exocanthion 0.14 017 0.18
Pronasale 0.14 0.17 0.18
Subnasale 0.12 0.15 0.15
Rt nasal alare 0.19 0.10 0.14
[.t nasal alare 0.19 0.21 0.22
Rt cheilion 0.04 0.13 0.06
Lt cheilion 0.17 0.09 0.26
B" point 0.19 0.23 0.08
Pogonion’ 0.15 0.10 0.08
Menton’ 0.22 0.12 0.17
Rt preaurale 0.16 0.14 0.23
.t preaurale 0.17 0.23 0.12
Rt gonion 0.14 0.03 0.05
L.t gonion 0.21 0.12 0.16
Average 0.16 0.15 0.15

Rt

. Right; Lt, left
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Table 2. Comparison of the direct measurement and the 3-dimensional measurement in the Rapidform
program Cunit: mm)

N"-Sn 50.65 4959 1.06 2.13
N'-Me’ 104.85 104.66 0.19 0.19
N’-Pn 42.09 42.09 0.14 0.33
Sn-Me’ 56.97 56.97 1.20 215
N"-Gog. 11668 11668 -0.17 -0.15
N"-Gors 119.32 119.32 0.68 057
Prep:-Gort 4324 4324 117 2.77
Previ-Gor 48.60 4860 115 242
Gor-Me” 100.02 100.02 0.37 0.37
Gor-Me’ 95.06 95.05 -041 -043
Prer-Pog” 13175 131.75 0.20 0.15
Prey-Pog” 130.37 130.37 -0.36 -0.27
N"-Preg 113.82 113.82 -0.27 -0.24
N"-Prert 112.94 11294 0.30 0.27
ExgeEng 36.27 36.27 0.25 0.70
Exie-Enre 3755 3755 0.56 151
Alage-Alars 24.21 24.21 -0.54 -2.18
Chp-Chy 4578 4578 0.82 1.82
Go'r-Go'we 109.05 . 109.05 0.39 0.36
ExpeExv 99.97 99.97 071 0.71
Average 80.55 80.95 0.37 0.66

* Exp. rate, Expansion rate.

B7% zt7t 0.16 mm, 015 mm, 0.15 mm= ¥ & A o)A A0 G4 gL 066%=2 ALt
Foll N3t LAte 33+ G Al FHd 3 2 =3
< ¢ F Utk

3XIA HIOIM Azh HAIOIM HES AR Bi= T
OHAI219) A=EXIQF SRRl HOIM A28 D&y HEX &I H|W (Tables 3 and 4)
210 JEE 3! SiiE ZAt (Table 2)

vl 744 43 A4xF AZRAA AA AEH

F tA 0 g 534 & 103 AZ3 o FFUS HFA FEAAE 10 mmE ¥X g X Y, Z

v & o, A& 334 Ho|A 270 G oA Fx] ETHUAE v &3} (Tables 3 and 4). v}
o AZA ko] AA A H#FL 037 mmeld 15 vlzle] A% & G v Hadl £F :ﬂx}ﬂ
mm ©]/3¢] 25 el #ES 1% 1.0 mm ©] AA vskh A AlF 34 284}, xﬂHI
A9 A& JUEhd k& N’- Sn, Sn- Me”, Prer- FugAe A& HEHe ZFAANE & 3

Gort, Preis Gon:Sith (Table 2). 1 9] AZAEL ol7b it w719 7% <k
2&ke] 2717F 1.0 mmolWHeh AEX o] B 3% %23 gonion A&H Y FFAA7} 1.00] T 3
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Table 3. Comparison of the reproducibility of soft tissue landmarks between the manikin and normal

occlusion Cunit: mm)

S e Standard deviation
Soft tissue landmark 3 | Manikin Normal

- X Y. Z X Y Z
Tri 090 054 112 151 123 1.02
Glabella 0.70 108 0.26 059 1.33 011
Nasion’ 042 092 0.25 0.31 0.69 0.25
Rt endocanthion 0.34 0.42 1.04 052 0.33 0.46
Lt endocanthion 0.83 0.75 1.40 062 040 037
Rt exocanthion 0.84 0.78 0.63 0.38 0.25 0.98
Lt exocanthion 052 041 1.06 048 0.28 053
Pronasale 0.40 0.60 0.15 0.23 0.72 0.29
Subnasale 0.50 067 0.77 047 097 0.74
Rt nasal alare 1.09 0.89 1.85 051 0.56 0.72
Lt nasal alare 0.59 1.06 2.06 0.56 0.68 1.94
Rt upper lip point 052 0.34 0.36 048 037 0.10
Rt upper lip point 061 0.46 0.44 048 0.38 0.23
Rt cheilion 0.98 0.76 0.49 0.49 0.55 0.39
Lt cheilion 0.70 0.58 0.26 0.65 0.44 0.31
Lower lip point 0.36 052 0.11 0.22 072 0.36
B’ point 0.40 0.28 0.30 0.50 0.51 0.44
Pogonion” 0.50 0.66 0.16 058 0.69 0.35
Menton’ 0.33 059 052 0.79 0.89 0.58
Rt FT 146 1.30 091 1.30 190 1.03
Lt FT 1.80 175 150 1.09 1.58 0.65
Rt preaurale 0.39 0.71 1.62 0.66 0.83 153
Lt preaurale 0.39 0.73 097 085 0.9 0.70
Rt CK 0.84 1.89 0.74 1.32 1.32 040
Lt CK 0.46 1.64 1.22 1.50 1.23 1.74
Rt gonion 0.98 1.39 291 1.36 1.58 199 -
Lt gonion 116 113 1.60 091 1.90 0.69
Average of SD 050 053 0.39 0.72 0.86 0.71

AT AllE FHngAe] dxA ASHdAe
Tri, FTH, CK#, ¥2% gonion A& EFHA}
7} 1.00] ¥}tk G, Pn, N’, Ala, 923 B point,
Pog', Me'2 Z} QA€ X Y, Z2%& 7127 05

mm$] contour lined YJERNZE Agg 3l A
AZ2E ARt vy AP A 23S 5 3

ok AIF 5% 22+ Pog’, Me

' ok
y OO

] upper

lip point A& el EEHA7E 1.00] EAT}
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Table 4. Comparison of the reproducibility of soft tissue landmarks between Class || and Class il
malocclusion Cunit: mm)

1.74 145 1.22

Tri 0.42 0.20 0.16

Glabella 0.34 043 0.46 0.58 1.88 012
N’ 0.83 0.15 0.17 0.55 0.95 0.22
Rt endocanthion 084 0.13 0.18 046 063 0.63
Lt endocanthion 0.52 0.50 0.51 0.82 0.68 098
Rt exocanthion 0.40 0.20 0.16 1.00 0.56 159
Lt exocanthion 0.50 011 0.92 1.60 054 1.37
Pronasale 1.09 0.03 0.27 0.80 1.07 0.22
Subnasale 0.59 0.09 0.73 0.54 0,60 0.92
Rt nasal alare 052 0.23 059 0.30 0.77 0.87
Lt nasal alare 0.61 0.34 0.35 0.86 075 1.17
Rt upper lip point 0.98 0.86 1.34 062 053 0.22
Rt upper lip point 0.70 0.27 1.26 1.05 063 032
Rt cheilion 0.36 0.73 0.46 0.80 0.83 0.54
Lt cheilion 0.40 0.17 0.65 101 0.94 1.02
Lower lip point 0.50 0.25 071 0.81 0.70 023
B’ point 0.33 0.53 0.9 0.85 0.31 0.87
Pog” 146 0.38 0.46 0.18 0.85 0.12
Me’ 180 0.39 131 021 071 1.00
Rt FT 0.39 0.83 0.11 143 141 192
Lt FT 0.39 0.59 0.17 150 11 116
Rt preaurale 0.84 0.22 071 105 0.93 0.54
Lt preaurale 046 0.34 0.75 0.50 0.72 100
Rt CK 0.98 0.71 043 0.85 1.00 0.25
Lt CK 0.90 1.00 0.90 1.32 1.72 1.16
Rt gonion” 0.09 0.36 0.20 133 1.10 1.81
Lt gonion” 0.30 0.79 0.25 1.03 131 1.80
Average of SD 0.71 0.85 091 0.90 091 0.86

- $571 4tk o WEe Ave] 4y ASWL Aol

A ZH Ades FHse WHoR 19734

AA AZsEe FARE Hue] Az E4% 4 Farkas7} 11270¢] 54 @55 71€3teta 1312% <

8 AlEE o] shom dA7IA] dl AHEH I T ©] ez sto] F ASAE 7 ol A JAA

E e gy 249 asAd Wiy gl A 232 qlwio] v o} ¢ EXS &y &) &

o
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A proposal of soft tissue landmarks for craniofacial analysis
using three-dimensional laser scan imaging

Hyoung-Seon Baik, DDS, MSD, PhD,” Hwa-Jin Lee, DDS, MSD,b Jai-Min Jeon, DDS, MSD®

Three-dimensional (3-D) laser scans can provide a 3-D image of the face and it is efficient in
examining specific structures of the craniofacial soft tissues. Due to the increasing concerns with the soft
tissues and expansion of the treatment range, a need for 3-D soft tissue analysis has become urgent.
Therefore, the purpose of this study was to evaluate the scanning error of the Vivid 900 (Minolta, Tokyo,
Japan) 3-D laser scanner and Rapidform program (Inus Technology Inc., Seoul, Korea) and to evaluate
the mean error and the magnification percentage of the image obtained from 3-D laser scans. In
addition, soft tissue landmarks that are easy to designate and reproduce in 3-D images of normal, Class
Il and Class Il malocclusion patients were obtained. The conclusions are as follows; scanning errors of
the Vivid 900 3-D laser scanner using a manikin were 0.16 mm in the X axis, 0.15 mm in the Y axis,
and 0.15 mm in the Z axis. In the comparison of actual measurements from the manikin and the 3-D
image obtained from the Rapidform program, the mean error was 0.37 mm and the magnification was
0.66%. Except for the right soft tissue gonion from the 3-D image, errors of all soft tissue landmarks
were within 2.0 mm. Glabella, soft tissue nasion, endocanthion, exocanthion, pronasale, subnasale,
nasal alare, upper lip point, cheilion, lower lip point, soft tissue B point, soft tissue pogonion, soft tissue
menton and preaurale had especially small errors. Therefore, the Rapidform program can be considered
a clinically efficient tool to produce and measure 3-D images. The soft tissue landmarks proposed above
are mostly anatomically important points which are also easily reproducible. These landmarks can be
beneficial in 3-D diagnosis and analysis.
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