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Figure 2. (a) VIVID 900(Minolta, Japan) laser scanner
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Figure 3. (a) Pre & postoperative facial photograph (b) Pre & postoperative
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3-D laser scanning image(texture mode) (c)

laser scanning image(vertex mode)
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Figure 5. (a) Markings on the forehead and the 5 reference points

(b) Registered 3-D images with one coordinate system(final)
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3) N'(soft tissue nasion) : °o]wpo} FApo] o] 7} <b& A

4), 5) Ex(exocanthion) Rt & Lt : AHolA HolE 9= 7 (Y=A)
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17) Stm(stomion) : A3l HA
18) Li(labrale inferius): st H A3

19) B'(soft tissue B point) : o] HA A
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Figure 8. Soft tissue landmarks
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Figure 9. Coordinate system

and zero point(Soft tissue Nasion)
X axis ; Left: +, Right: -

Y axis ; Superior: +, Inferior: -

Z axis ; Anterior: +, Posterior: -
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(1) Linear measurement(mm)
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Tri-N'
Tri-N'-v
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Sn-Me'
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Sn-Stm

. Stm-Me’
Tra(Rt)-Go’ (Rt)
Tra(Lt)-Go’ (Lt)

Tra-Go’

Go'(Rt)-Me’
Go'(Lt)-Me’
Go’'-Me'(m)

Ex(Rt)-Ex(Lt)
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. Ch(Rt)-Ch(Lt)
ULP(Rt)-ULP(Lt)
Zy(Rt)-Zy(Lt)

. Li-Pog’' ~B’
. Pn-Pog’~Ls
Pn-Pog’' ~Li

Total anterior face height
Anterior face height
Anterior face height(vertical)
Forehead height

Forehead height(vertical)
Upper face height

Upper face height(vertical)
Lower face height

Lower face height(vertical)
Lower face height upper 1/3
Lower face height lower 2/3
Right Mn. ramus height
Left Mn. ramus height
Mandibular ramus height
Right Mn. body length

Left Mn. body length
Mandibular body length
Upper face width

Middle face width

Lower face width

Nasal width
Mouth width
Philtrum width

zygoma width

Mentolabial sulcus
Upper lip protrusion

Lower lip protrusion

28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.

Tri-G

G-N

N’'-Pn
Pn-Sn
Li-B’
B'-Pog’
Pog’'-Me’
Tri-FT(Rt)
Tri-FT(Lt)
Tri-Ex(Rt)
Tri-Ex(Lt)
Tri-Tra(Rt)
Tri-Tra(Lt)
FT(Rt)-N’
FT(Lt)-N'

50.Ex(Rt)-Ala(Rt)
51.Ex(Lt)-Ala(Lt)
52.Ex(Rt)-Ch(Rt)
53.Ex(Lt)-Ch(Lt)
54.Tra(Rt)-Ala(Rt)
55.Tra(Lt)-Ala(Lt)
56.Tra(Rt)-Ch(Rt)
57.Tra(Lt)-Ch(Lt)
58.Ala(Rt)-Ch(Rt)
59.Ala(Lt)-Ch(Lt)
60.Ala(Rt)-Pn
61.Ala(Lt)-Pn
62.Ala(Rt)-Sn
63.Ala(Lt)-Sn
64.Ch(Rt)-ULP(Rt)

FT(Rt)-Tra(Rt) 65.Ch(Lt)-ULP(Lt)
FT(Lt)-Tra(Lt) 66.Ch(Rt)-LI

N'-Ala(Rt)
N'-Ala(Lt)
N’-Go'(Rt)
N’-Go’(Lt)

N’'-Go’ (mean)

67.Ch(Lt)-LI
68.Ch(Rt)-Go' (Rt)
69.Ch(Lt)-Go'(Lt)

-v(vertical): distance
AZAT AZe F 29 ARFE Xy, Yy, Z1), Xs, Yo, Z2)EaL
(X=X (Yo Y1) (Zo-Z1)* 2 shdeh. & 32k el A 7 A7k
Al A

from coordinates of Y axis, Mn.: Mandibular
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(2) Angular measurements(®)

1. G-N'-Pn Nasofrontal angle

2. N'-PnLlG-Pog’ Nasofacial angle

3. N’-Pn-Pog’ Nasomental angle

4. Tra(Rt)-Ala(Rt) L Go(Rt)-Me’ Right Mn. plane angle

5. Tra(Lt)-Ala(Lt) L Go(Lt)-Me’ Left Mn. plane angle

6. Zy(Rt)-Pn-Zy(Lt) Transverse nasal prominence

7. Ch(Rt)-ULP(m)-Ch(Lt) Transverse upper lip prominence

8. Go'(Rt)-Pog’'-Go'(Lt) Transverse Mn. Prominence
(3) Linear distance ratios

1. Tri-N'/Go’'(Rt)-Go'(Lt) Forehead height/Mn. width

2. N'-Me’/Go’(Rt)-Go'(Lt) Anterior face height/Mn. width

3. N'-Sn/Go’(Rt)-Go'(Lt) Upper face height/Mn. width

4. Sn-Me'/Go’ (Rt)-Go’(Lt) Lower face height/Mn. width

5. Tri-Me'/Zy(Rt)-Zy(Lt) Total anterior face height/zygoma width
6. N’'-Me'/Zy(Rt)-Zy(Lt) Anterior face height/zygoma Width

7. N'-Sn/Zy(Rt)-Zy(Lt) Upper face height/zygoma Width

8. En(Rt)-En(Lt)/Ala(Rt)-Ala(Lt) Interendocanthion distance/Nasal width
9. ULP(m)-LI/Ch(Rt)-Ch(Lt) Mouth height/Mouth width

10. Tri-N'/FT(Rt)-FT(Lt) Forehead height/Forehead width

11. Tra(m)-Go'(m)/N’'-Me’ Mn. Ramus height/Anterior face height
12. N'-Sn/Sn-Me’ Upper face height/Lower face height
13. Sn-Stm/Stm-Me’ LFH upper 1/3 / LFH lower 2/3
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Table 1. Comparison of measurements in 2-D lateral cephalographs and 3-D

laser scanning(mm)

2-D cephalograph

3-D laser scan

Variables Mean S.D. Mean S.D. sig

Pn 095 1.00 0.73 1.07 NS

Sn 1.70 1.90 1.10 1.5 NS

. Ls 101 311 113 2.09 NS
Hopizontal 14 ~6.60 454 ~5.87 471 NS
B 810 6.14 834 5.25 NS

Pog 7.8 718 ~7.10 6.04 NS

Me' -8.09 915 -7.26 731 NS

Pn 087 117 022 089 NS

Sn 065 096 027 110 NS

. Ls 062 2.60 -1.04 167 NS
Viertical Li 214 2.87 161 1.98 NS
B’ 1.90 3.29 1.82 1.9 NS

Pog’ 2.99 446 167 5.03 NS

Me' 389 3.74 316 379 NS

NS ! not significant
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Bt 2.6lmm, 2.0lmm AW o]Est3al, B point=

FHolFaF o, 1
¥ o 25 Lso| ®]8Fe] Sndl
paranasal, subalar,
areav

(1) = °l&
10.16mm, 9.96mm ¥ ] %3kl th. Pog& 2wl A 10.57mm

71—7_]'—

7]
919
subcommissural
Pog, Me& Al 9|3l

173 2304 A pointe
A7l $ B E2 sl 476mm T el 559
Apolgol s vhehuth Aep Z@y
supracommissural area® 0.77-1.79mm Z"o] %9 1L
587mm(1), 6.62mm(2w) FWolFaturt. Az H=xF
7 7 ke 3 gt A ol d xel7t gl Atk (Table 2).
Table 2. Comparison of hard & soft tissue changes in the horizontal plane(mm)
in Group 1&2
. Group 1 Group 2
A% bl -
artables Mean S.D. Mean S.D. sig
Hard tissue
PNS 1.06 1.11 1.05 2.00 NS
ANS 0.96 2.04 0.94 1.38 NS
A 2.61 0.88 2.01 0.91 NS
Ul 0.58 1.86 0.74 3.42 NS
L1 -6.92 5.03 -8.31 5.44 NS
B -10.16 6.59 -9.96 7.05 NS
Pog -4.76 7.36 -10.57 7.42 *
Me -5.29 751 -10.61 8.27 *
Soft tissue
Pn 0.80 0.93 0.60 0.77 NS
Sn 1.20 1.15 0.95 1.27 NS
Ls 0.88 1.77 0.67 2.59 NS
Li -6.39 5.20 -5.95 5.43 NS
B’ -8.28 5.94 -8.47 6.02 NS
Pog -4.79 5.26 -9.45 6.60 *
Me' -4.09 7.03 -10.40 7.26 *
paranasal 1.76 0.72 1.48 0.63 NS
subalar 1.78 0.89 1.19 1.78 NS
supracommissural 1.16 1.10 0.77 1.57 NS
subcommissural -5.87 3.04 -6.62 3.79 NS
(+) : anterior movement, (-) : posterior movement, NS : not significant, *: p<0.05
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t}.(Table 3).

Table 3. Comparison of hard & soft tissue changes in the vertical plane(mm)

in Group 1&2

Group 1 Group 2

Variables Mean S.D. Mean S.D. sig
Hard tissue

PNS 3.71 2.59 2.48 2.39 NS

ANS 1.10 2.02 0.40 1.16 NS

A 0.58 2.30 0.02 1.32 NS

Ul -0.27 2.22 0.34 1.89 NS

L1 1.52 4.50 3.80 2.82 NS

B 1.46 4.55 2.64 3.72 NS

Pog 4.64 6.91 2.83 1.91 NS

Me 3.68 4.88 2.99 2.11 NS
Soft tissue

Pn 0.24 1.36 0.20 1.91 NS

Sn 0.53 1.28 0.07 1.61 NS

Ls -1.16 1.38 -0.92 1.84 NS

Li -1.37 3.06 -1.27 1.79 NS

B’ 1.48 3.79 0.44 2.00 NS

Pog’ 2.26 5.66 0.98 4.73 NS

Me’ 4.75 3.81 1.56 3.24 *

(+) * superior movement, () : inferior movement
NS ! not significant, *: p<0.05
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o Bol o @
W HEELS 101%07), 89% 2w )= ol F PSS APT 174 ¢ Pog dx
4 wstgel § Ao F aFe W& Aol Wl A4 Ad Aw fol@

Apol 7k EAskAl &tk (Table 4, 5).

n

Table 4. Correlation between hard and soft tissue horizontal changes & soft/hard

tissue ratios of significant correlation in Group 1

supra- sub-

G 1 Pn Sn Ls Li B’ Pog’ Me’ P22 sub  Commi commi
roup & -nasal -alar ssural ssural
PNS
ANS
A 0.67%  0.73% 0.65%

(46%) (34%) (68%)
Ul
L1 0.95%#% 0,97#*% 0.84%*% (0.67* 0.71%
(92%) (120%) (69%) (59%) (85%)
B 0.90%x* 0.94%+* 0.85%* (0.73%
(63%) (81%) (47%) (40%)
P 0.66%  0.74%  0.91%% 0.88x%*x* 0.74*
og (134%) (174%) (101%) (86%) (123%)
M 0.67+  0.76%  0.93#%% (0,89 0.74%
¢ (121%) (156%) (91%) (77%) (111%)

#: p<0.05, #*x: p<0.01, =*x: p<0.001
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Table 5. Correlation between hard and soft tissue horizontal changes & soft/hard

tissue ratios of significant correlation in Group 2

supra- sub-
commi commi
ssural ssural

. ' ’ ’ para sub
Group 2 Pn Sn Ls Li B Pog Me “nasal -alar

PNS
ANS
A 0.76%  0.67* 0.63% 0.66% (.78
(47%) (33%) (74%) (59%) (38%)
Ul 0.64%  0.64*  (0.82%* 0.84%% (.78
(81%6) (128%) (91%) (161%) (104%)
L1 0.92%%% 0.91%%% (.8kkx ().8kk* 0.89x %%
(72%) (102%) (114%) (125%) (80%)
B 0.945%% (0.94%%% (0.93%%% ().86%* 0.87x%%
(60%) (85%) (95%) (104%) (66%)
p 0.95%%% (0.97*x%% (0.96%%% ().83%* 0.87%%
og (56%) (80%) (89%) (98%) (63%)
Me 0.95%%% 0.97%%% 0.97*%* (.82%* 0.86%*
(56%) (80%) (89%) (98%) (62%)

. p<0.05, **: p<0.01, *#*: p<0.001
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Table 6. Comparison of horizontal ratios(%) of soft/hard tissue changes between

group 1&2
Group 1 Group 2
Variables

Mean S.D. Mean S.D. sig
Pn 31.10 18.46 29.86 20.48 NS
Sn 45.65 17.39 47.26 8.72 NS
Ls 34.33 11.44 32.68 3.85 NS
Li 63.24 15.18 60.45 17.23 NS
B’ 80.67 10.46 85.40 8.23 NS
Pog’ 101.02 16.83 89.22 10.64 NS
Me’ 89.39 18.32 98.13 14.99 NS
paranasal 66.81 22.79 74.10 10.72 NS
subalar 68.31 6.16 58.79 12.99 NS
supracommissural 44.32 11.00 38.49 10.25 NS
subcommissural 69.62 18.04 65.98 11.70 NS

NS : not significant
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Table 7. Correlation between hard and soft tissue vertical changes & soft/hard

tissue ratios of significant correlation in Group 1

Group 1 Pn Sn Ls Li B’ Pog’ Me’

PNS

ANS
0.74
(41%)

0.64%
Ul (299%)

A

L1
B
Pog

0.68*
Me (129%)

* p<0.05

Table 8. Correlation between hard and soft tissue vertical changes & soft/hard

tissue ratios of significant correlation in Group 2

Group 2 Pn Sn Ls Li B’ Pog’ Me’

PNS
ANS
A

U1l

L1 0.66% 0.779 0.64*
(-24%) (-33%) (12%)

B
Pog
Me
*: p<0.05, **: p<0.01
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BFo A XZEo|A = Ala’l, YZd A+ Ch, Stm, Go'¢l, Z=oAq = Ala, Li, B,
Pog’, Go'o]l TAIgH oz FoA d& #olE vE At (Table 9).

6. 7 AF 3L A FZANAM F2 A ASH

Fa A(THIH} F(T2) % & A5 HUsH(T2-TDO F& 7 AF F5ol i
Had x=daS Feda, 4 AS FEAA FE A5 Aol uiF Fde A

o F o EFoA N'-Mey, Sn-Me'y, Sn-Stm, Tra-Go’, Go'(Rt)-Go'(Lt),

o
o
-
2

Ala(Rt)-Ala(Lt), Li-Pog’ ~B’, Pn-Pog’ ~Ls, Tra-Ala, Ch-ULP7} &% A% T4
gHoz Fod e zolE YELW T (Table 10).
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Table 9. Changes in the coordinate value(X, Y, Z value) of landmarks(mm) in

Group 1&2
X Y Z

Variables  Group 1 Group 2 Group 1 Group 2 Group 1 Group 2

Mean S.D. sig Mean S.D. sig Mean S.D. sig Mean S.D. sig Mean S.D. sig Mean S.D. sig
Tri 0.01 2.34 -0.09 1.93 —-1.06 5.12 1.83 4.30 0.76 4.04 —0.27 4.46
G 0.05 0.83 0.09 1.34 —0.56 2.26 —0.29 1.88 0.00 0.20 0.09 0.25
N —0.24 0.64 0.31 0.86 -0.32 1.15 —-0.44 1.29 0.17 0.47 0.01 0.34
Ex(Rt) -0.10 1.72 0.03 1.01 0.41 1.59 —0.24 1.64 -0.46 1.36 0.14 1.12
Ex(Lt) 0.03 2.13 -0.25 1.53 —0.74 0.85 —-0.22 1.19 -0.30 1.19 —-0.65 1.41
En(Rt) -0.17 1.18 0.26 0.83 —-0.12 1.44 —1.08 2.08 0.04 0.58 -0.20 0.87
En(Lt) —0.04 1.03 0.41 1.13 —0.39 1.42 —-0.97 1.56 0.20 0.64 -0.27 0.70
Ala(Rt) —1.44 2.22 = —1.05 1.15 = 0.09 2.10 0.46 1.49 2.54 1.71 =+ 2,18 1.39 s#xx
Ala(Lt) 1.32 1.21 == 1.54 1.70 = 0.10 1.77 —0.56 1.43 2.40 1.52 #xx 2,02 0.98 sex
Pn -0.30 1.41 0.15 1.03 0.24 1.36 0.20 1.89 0.80 1.10 = 0.60 1.07
Sn 0.08 1.47 0.21 1.10 0.53 1.28 0.07 1.59 1.20 1.59 = 0.95 1.52
ULP(Rt) 0.35 2.55 0.22 1.82 —0.60 1.27 —-0.77 1.05 1.84 1.77 = 0.67 3.20
ULP(Lt) —0.12 2.34 -0.13 1.54 —0.80 1.62 —0.56 0.99 1.72 1.67 = 0.56 2.87
Ls -0.22 1.95 0.14 1.38 —-1.16 1.38 * —-0.92 1.85 0.88 1.41 = 0.67 3.27
Ch(Rt) —0.03 3.00 0.29 2.87 -1.53 190 = —-158 1.59 =* —-1.74 2.35 = —2.60 3.95
Ch(Lt) 0.46 3.67 —0.34 1.80 —1.39 2.80 =* —1.54 1.26 =+ —2.24 2.26 = —2.59 3.78
Stm -0.35 2.11 0.32 1.38 —2.39 2.79 % =241 1.50 == —2.87 2.82 = —3.35 3.59 =
Li -0.22 2.70 0.17 1.56 —1.37 3.06 —-1.27 1.87 * —=5.06 3.21 =#xx—-5050 5,92 =
B' —0.24 3.34 0.22 1.75 1.48 3.79 0.44 2.03 —8.28 4.06 ##x—8.47 6.14 ==
Pog' —1.46 5.24 0.82 2.15 2.26 5.66 0.98 4.73 —4.79 449 = =945 6.33 ==
Me' -0.02 3.62 0.48 2.37 4.75 3.81  xx 1.56 3.23 -4.09 5.13 -10.40 6.65 =
FT(Rt) 1.40 2.76 1.78 5.02 —-0.15 4.29 —0.04 3.68 1.19 4.29 3.25 5.29
FT(Lt) 1.80 6.67 —-0.17 2.82 —0.03 3.83 0.08 4.28 —-1.44 7.36 -0.39 3.26
Tra(Rt) 0.45 3.12 -0.23 1.28 0.50 2.10 0.00 1.88 -0.71 3.09 -0.28 1.73
Tra(Lt) —0.61 3.20 0.13 0.60 0.69 1.57 0.21 1.98 -0.43 4.90 —-0.31 1.65
CK([Rt) —1.37 3.33 —-1.99 2.80 —0.33 1.82 0.15 1.48 0.85 1.59 0.93 2.12
CK(Lt) 2.29 2.31 2.18 2.96 —0.07 2.60 0.49 2.63 0.42 1.47 0.42 2.04
Zy(Rt) 0.04 3.32 —0.06 2.26 0.21 2.03 —0.93 2.72 -0.17 3.55 0.36 2.66
Zy(Lt) -0.24 2.11 -0.01 2.18 0.10 1.57 —0.60 2.63 -0.21 2.06 -0.03 2.09
Go'(Rt) —2.26 3.89 —1.04 1.53 7.47 5,12 == 4,02 5.01 * —-1.88 6.50 * —2.52 6.54 =x
Go'(Lt) 1.44 3.18 1.84 3.02 6.48 4,17 =xx 4,46 7.02 * —2.30 2.68 #x —2.14 577 =*

s p<0.05, #5: p<0.01, ##+: p<0.001
X axis: Left(+), Right(-)

Y axis: Superior(+), Inferior(-)

7 axis: Anterior(+), Posterior(-)
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Table 10. Changes in the three-dimensional linear distances(mm) in Group 1&2

Group 1 Group 2
Variables Pre-Op(T1) Post-Op(T2) ~ AT(T2-T1)  Pre-Op(T1) Post-Op(T2)  AT(T2-T1)
Mean S.D. Mean S.D. Mean S.D. sig Mean S.D. Mean S.D. Mean S.D. sig
fotgl anterior face qyj-pe! 20178 942 14428 532 623 484 =+ 20300 783 20154 7.29 -146 535
fierior face - N/-Me' 12610 801 12127 580 483 448 » 12363 682 12016 7.64 147 592
fierior facel)  N'-Me'-v 12576 794 12139 579 -437 428 ++ 12293 673 12099 570 -197 413 =
Forehead height  Tri-N’ 7788 627 7108 686 -079 554 818 813 8125 878 061 524
forehead eay  Tri-N'-v 7533 686 7441 661 092 499 7830 894 7801 728 029 463
Upper face height N’-Sn 5350 537 5296 488 -054 171 4967 188 4972 257 005 145
Lper face. o) N'=Sn-v 5267 513 5198 489 069 174 4916 192 4933 254 016 166
Lower face height Sn-Me’ 7474 614 7049 517 -426 461 + 7486 651 7372 922 114 747
Lower face ) Sn-Me'~v 7309 630 6841 444 -468 385 =+ 7377 649 7013 538 -363 448 =
LFH lower /3 Sn-Stm 2133 248 2381 375 248 250 + 2218 255 2380 160 162 200 =
LFH lower 23 Stm-Me’ 5507 700 4737 469 770 682 = 5449 480 5162 10.19 283 9.60
flight Mn. ramus  TraRt)-Go'(Rt) 5322 678 4564 793 758 779 + 5427 519 4988 396 439 585 +
felt Mn ramus - pra(Lt)-Go'(Lt) 5178 531 4574 796 605 627 + 5413 621 4883 313 530 631 +
Mandibular ramus - Tya-Go'(mean) 5250 545 4569 739 681 598 = 5420 521 4836 306 585 609 *
fight Mn. body G (Rt)-Me’ 9934 1436 10245 1025 3.11 961 9711 541 9592 609 -L19 692
it Mo bodv Gor(Lt)-Me’ 9881 1088 10198 855 317 690 9634 626 9615 617 -0.19 775
Mandibular body  Gor-Me’(mean) 9908 1228 10221 884 314 777 9672 55 9549 592 123 712
Upper face width Ex(RO-Ex(Lt) 10231 682 10247 650 0.5 344 10183 346 10181 375 002 184
Middle face width Tra(RO-Tra(Lt) 15000 1184 14891 903 -109 612 14873 478 14925 453 051 134
Lower face width Go'(RD-Go’(Lt) 11989 11.95 12402 888 414 555 « 11747 481 12077 58 330 314 =
Nasal width Ala(RO-Ala(Lt) 3868 348 4142 347 274 205 = 3815 310 4076 260 261 198 =
Mouth width Ch(RO-Ch(Lt)  49.15 312 4955 350 040 333 4853 367 4324 423 029 290
Philrum width ~ ULP(R-ULP(LY) 1423 208 1385 164 038 238 1331 141 1338 151 008 128
Zygoma width  Zy(RO-Zy(Lt) 11696 762 11668 827 -028 477 11802 539 11937 375 134 371
Mentolabial sulcus Li-Pog’ B’ 269 120 533 119 264 156 == 280 1.02 460 101 180 051 ==
Ubper lip Pn-Pog'"Ls 466 226 289 148 177 213 + 593 232 267 150 -326 184 wer
Lower lip Pn-Pog'"Li 402 281 241 177 -161 263 210 227 224 253 014 132

*: p<0.05, #=x: p<0.01, *=**: p<0.001

-v. linear distance through true vertical
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Table 10.(-continued) Changes in the 3-D linear distances(mm) in Group 1&2

Group 1 Group 2
Variables  Pre-Op(T1) Post-Op(T2) AT(T2-T1) Pre-Op(T1)  Post-Op(T2) AT(T2-T1)
Mean S.D. Mean S.D. Mean S.D. sig Mean S.D. Mean S.D. Mean S.D. sig

Tri-G 6064 606 59.95 691 -0.70  6.29 63.90 792 63.74 764 016 764
G-N 1924 250 1896 192 -0.27 229 20.39 252 20.57 1.98 0.18 1.89
N’-Pn 4731 455 4716 425 -0.14 1.69 44.65 2.00 44.52 234 -013 229
Pn-Sn 1600 1.99 1596 141 -0.04 184 16.63 1.67 16.62 182 -001 125
Li-B’ 1129 408 1036 270 -094 237 9.92 244 10.06 1.51 014 174
B’-Pog’ 1768 544 1521 239 247 5.08 17.93 4.09 16.07 256 -1.8 437
Pog'-Me’ 1865 6.01 1632 561 -2.33 470 19.23 392 19.89 1256 0.66 10.87
Tri-FT(Rt) 6168 276 60.02 455 -1.66 434 61.86 562 62.78 4.80 091 366
Tri-FT(Lt) 5868 339 6059 632 192 728 61.84 541 64.11 5.24 227 417
Tri-Ex(Rt) 9471 519 9368 6.76 -1.03  4.39 95.21 554 96.57 514 136 315
Tri-Ex(Lt) 9431 516 9408 751 -0.23 430 96.10 6.39 97.26 5.38 116 382
Tri-Tra(Rt) 14990  6.09 14850 7.02 -1.40 285 147.78 549 14838 441 059 135
Tri-Tra(Lt) 14834 679 14817 793 -0.17 226 147.69 621 14828 5.38 059 152
FT(Rt)-N’ 7810 438 7674 474 -1.37 434 78.27 7.27 7755 726 072 504
FT(Lt)-N’ 7345 454 7468 671 1.23 751 7767 6.68 77.90 6.30 024 4.09
FT(Rt)-Tra(Rt) 10296 562 10294 6.24 -0.02 313 101.70 427 101.71 4.44 0.01 396
FT(Lt)-Tra(Lt) 10451 865 10277 637 174 622 101.69 365 100.27 3.02  -142 329
N’-Ala(Rt) 4973 350  49.87 410 014 134 48.09 2.81 4847 2.44 0.37 190
N’-Ala(Lt) 4879 426 4899 4.24 021 216 46.99 1.89 48.01 2.10 102 152
N’'-Go'(Rt) 12327 733 11999 667 -228 286+  119.14 455 11855 396 059 264
N’-Go'(Lt) 12187 852 12041 825 -1.46 167 * 119.10 449 11753 378 -157 320
N’-Go’ (mean) 12257  7.74 12070 743 -1.87 161 == 119.12 426 11804 356 -1.08 262
Ex(Rt)-Ala(Rt) 5468 293 5501 352 0.33 246 54.81 224 54.28 173 -053 151
Ex(Lt)-Ala(Lt) 5361 287 5309 314 -052 161 53.07 2.24 53.03 204 004 163
Ex(Rt)-Ch(Rt) 7755 58 7800 527 045 1.98 7175 2.89 78.06 2.54 030 1.78
Ex(Lt)-Ch(Lt) 7768 375 7794 470 0.26 257 77.16 3.39 7798 2.65 082 175
Tra(Rt)-Ala(Rt) 10341 681 10529 713 1.88  0.86 === 100.23 3.83 101.80 3.97 157 209 =
Tra(Lt)-Ala(Lt) 10210 7.72 10426 830 216 2.79 s 99.64 388 101.16 4.31 153 1.48 =
Tra(Rt)-Ch(Rt) 11046 10.05 11063 9.60 017 1.87 108.77 429  107.61 465 -116 331
Tra(Lt)-Ch(Lt) 10958 891 110.04 11.38 046 4.23 108.53 533 108.03 531 -051 335
Ala(Rt)-Ch(Rt) 3002 256 3099 242 097 221 29.55 1.99 30.44 1.57 089 174
Ala(Lt)-Ch(Lt) 3041 216 31.80 290 139 159 30.37 2.08 30.68 159 030 112
Ala(Rt)-Pn 3077 340 3032 329 -0.45 0.95 30.39 257 30.07 216  -032 155
Ala(Lt)-Pn 2934 251 2919 246 -0.15 0.87 29.04 2.28 29.22 2.15 0.18 094
Ala(Rt)-Sn 2378 3.02 2418 243 040 1.78 22.15 1.96 22.76 1.78 0.61 166
Ala(Lt)-Sn 2314 218 2334 238 0.20 1.38 21.72 159 22.25 1.40 053 0.82
Ch(Rt)-ULP(Rt) 2156 172 2366 182 210 171 s 21.50 2.10 2325 2.23 175 151 ==
Ch(Lt)-ULP(Lt) 2069 251 2292 280 224 223 = 20.63 2.24 22.09 2.63 147 157 =
Ch(Rt)-Li 3139 235 2981 239 -159 201 = 30.43 2.63 29.51 236 -092 216
Ch(Lt)-Li 2976 208 2881 254 -0.95 222 28.82 2.73 2712 215 -170  1.30 =
Ch(Rt)-Go’ (Rt) 7982 1249 8092 985 110 6.74 76.20 5.96 76.22 4.90 0.01 423
Ch(Lt)-Go'(Lt) 80.04 1051 8150 978 1.46  4.36 76.96 6.94 78.61 5.29 166 470

significance value

-v: linear distance through true vertical

,27,
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7. 72 AZFHo=2 JA A vector 39 339 A ZH=(°)
T ATDHH F(T2) % F& AF WsH(T2-TDY F8 7% AS 5o dd
Jd xEAzE FIa ttestR2 FE AN FE F AS 5T FI4S 4

o
o
-
2

. ¥ o EFd A Nasofacial angle(N’-Pnl G-Pog’), Transverse nasal
prominence(Zy (Rt)-Pn-Zy(Lt))ol /] At oz FoA Y= AolE YEeElAL
27t o) Al Transverse upper lip prominence(Ch(Rt)-ULP(m)-Ch(Lt))7} 57}3t %

(Table 11).

Table 11. Changes in the three-dimensional angles(®) in Group 1&2

Group 1 Group 2

Variables Pre-Op(T1) Post-Op(T2) AT(T2-T1) Pre-Op(T1) Post-Op(T2)  AT(T2-T1)

Mean S.D. Mean S.D. Mean S.D. sig Mean SD. Mean SD. Mean S.D. sig

Eﬁg@“"ma] G-N'-Pn 14528 629 14428 532 -1.00 184 14583 545 14497 615 -0.86 152

Naspfacial - N'—pn 1. G-Pog’ 2468 254 2707 213 239 318 x 2272 304 2711 292 439 332 =

lj]fgsl‘gmenml N’-Pn-Pog’ 11227 502 11071 373 -156 210 =+ 11402 400 11381 458 -020 2.02

Right Mn, Tra(Rt)-Ala(Rt)

PISIe Angic 1 Go(RD)-Me” 2405 376 2541 249 136 481 2301 467 2667 352 366 532

Left Mn. Tra(Lt)-Ala(Lt)

Bme Ahile 1 GolLe)-Me" 2331 335 2409 334 078 380 2217 366 2620 863 404 805

Transverse
nasal Zy(Rt)-Pn-Zy(Lt) 12886 7.01 11798 4.14 -10.88 7.13 =+ 129.50 691 11811 563 -11.39 544 xx
prominence

Transverse
upper, lip ~ Ch(Rt)-ULP(m)-Ch(Lt) 10792 457 10711 323 -081 334 107.83 359 10442 343 -341 427 =
prominence

Transverse
Mn. . Go'(Rt)-Pog’'-Go'(Lt) 6708 391 6558 266 151 4.14 67.68 501 64.17 910 351 863
Prominence

. p<0.05, **x: p<0.01, *==*x: p<0.001
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00
N
;

Q A7 A= FE 79 v L (ratios)

T A(TDHIH (T2 % F+5 AF WsH(T2-TD Y
t=2

=
T
M & (ratios)ol TIF BT EEFARE ToL ttestz FE A% £E F AZ @

il

2o FoA S AASAUY T F ZFoA HE& A= &% F Interendocanthion
distance(En(Rt)-En(Lt))/Nasal width(Ala(Rt)-Ala(Lt)), Mandibular ramus height
(Tra(m)-Go'(m))/Anterior face height(N'-Me’), Lower face height upper
1/3(Sn-Stm)/Lower face height lower 2/3(Stm-Me’)ollA A4 oz {204 9l
© Aol & dEt ltH(Table 12).

Table 12. Changes in the three-dimensional linear distance ratios in Group 1&2

Group 1 Group 2

Variable Pre-Op(T1) Post-Op(T2) ~ AT(T2-T1)  Pre-Op(T1) Post-Op(T2)  AT(T2-TI)

Mean S.D. Mean S.D. Mean S.D. sig Mean S.D. Mean S.D. Mean S.D. sig

Forehead height Tri-N' - _—

/Mn. width JGo' (Rt)-Go’ (Lt) 065 006 062 0.05 -0.03 0.06 070 008 071 0.09 0.01 0.04
Anterior face height N'-Me’ N o - Ane
Mn. width /Go' (Rt)-Go’ (Lt) 1.06 007 098 0.06 -0.08 0.05 = 1.05 005 1.01 0.06 -0.05 0.07
Upper face height N’'-Sn = - s - - o

/Mn. width JGo' (Rt)-Go’ (Lt) 045 0.05 043 0.04 -002 002 = 042 002 041 002 -0.01 0.01

Lower face height  Sn-Me 063 004 057 004 -006 004 *x 064 005 061 008 -0.03 007

/Mn. width /Go’ (Rt)-Go' (Lt)

};(;t(l) A /TZI;EII;/{SLZy(Lt) 173 006 168 0.06 -0.05 0.09 172 008 169 008 -0.03 008
ﬁ;gﬁg: face height ;\IZ;(I\I/IXS)'ny(Lt) 103 006 104 004 -0.04 006 105 006 102 006 -0.03 0.06
}i‘;l;eormf:‘ii]:j‘;ght 72,;(5Rr1t)—2y(u) 046 005 045 005 0.00 0.02 042 002 042 002 -0.01 002

Interendocanthion. 1 1 fg&g;ﬁ‘:ﬁt&t) 0.97 008 091 006 -0.07 0.07 * 099 009 093 004 -0.06 006 *

Mouth height ULP(m)-Li N
Tputh height o Ly 038 006 037 004 001 007 040 004 040 005 000 004
Forehead height Tri-N 074 006 074 006 -0.01 0.05 077 010 077 011 002 005

/Forehead width /FT(Rt)-FT(Lt)

Mn. Ramus height Tra(m)-Go'(m)

= . = = ~ -
/Anterior face height /N'-Me’ 042 0.05 038 005 -0.04 005 == 044 0.05 040 0.04 -0.04 0.05

Upper face height N’'-Sn
/Lower face height /Sn-Me’

LFH upper 1/3 Sn-Stm
/LFH lower 2/3 /Stm-Me’

072 010 076 010 004 005 == 067 006 068 0.08 001 0.06

039 0.07 051 011 012 011 = 041 003 047 0.06 006 0.09 =

w2 p<0.05, *x: p<0.01
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paranasal region©]

o] radial method®

=

waol glol

Soncul 5 (2004) 9]

et shloem, £

area?]

ol =

32 M3 &S Snoly subalar®tl = A YEFYGEO

} 313} o] oF 3t} (Table 13).

e AgE ®ol o]FojAA &gt} McCance 5(1992)2
HZ 2o "ste] 1112 Waga g oy, oJAL CTE o] &3

248 AomA FHoFo] EAT W Azl T

AZe Axgn By FET. FZ dolA 2AYES o] &3
Ao ¢35t paranasal region® %7 o]EF o HEL 79%
AT

o 2ol M 2] 74%<9} FAFE ZA3E YEFU Y. Paranasal
&

At E AGA

Table 13. Proportions of soft tissue changes to hard tissue changes(%)

Present study Soncul
Facial region Group 1 Group 2 Cg;f}ﬁf;‘rif‘)g gf o

Movement S8 Movement sig’ sig¥ Hovement
1 Pronasale(Pn) 31 NS 30 NS NS 29
2 Subnasale(Sn) 46 * 47 * NS 88
3  Subalar 68 ¢ 59 * NS 79
4 Labrale superius(Ls) 34 * 33 * NS 66
5 Labrale inferius(Li) 63 skt 60 ook NS 64
6 Labiomental(B’) 81 o 85 sk NS 90
7 Chin(Pog’)Y 101 ok 89 ok NS 97
8 Paranasal 67 NS 74 s NS 79
9 Supracommissural 44 NS 38 *k NS 45
10 Subcommissural 70 * 66 koK NS 46

0 p<0.05, =x: p<0.01, *#x: p<0.001 NS : not significant

t significance value : Correlation between soft & hard tissue

(Maxillary hard tissue change is according to the movement of A point. Mandibular

hard tissue change is according to the movement of B point, except for the Chinf

region which is according to the movement of Pog.)

¥ significance value : Comparison between group 1 & group 2 by soft/hard tissue ratio
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dolA 2=/ HE o] 83 Soncul 5(2004)

F Ut B AFgdREe Ao AW o]FFo] Soncul T IAFAARY ¢
ZA HgE mE2s dAxz ¥ 9 AA vesta AZEg
= 97] 93] ANS resection®]

AL A5 Snel AW olEdo] AA e Aew AFEu, B Ao E 1

rot
e
o
s
=
™
)Y
>
Ky
N
)
4z
>
jos)

=

o
o

0w

)
lo
Bis)
=

A pointell W Lso W& 34%(17), 33% Q2702 2319 SEF YA
AZA A& o] 83 Radney %(1981)9] 50%, Chew % (2005)9] 73%, 324 d@l o] A
27/ E o] 43 Soncul 5(2004)2] 66% Kt} e WE&S Bth ¥FA Schendel
5(1991) 7} Jensen 5(1992)¢] AFolM = Ulel W Lso v &o] 90%et H 3}
Ak o] Ao wEW alar cinch suturett V-Y closure® Al 83 A% A9

AzAo] AzAel waRs ury wdaA Adm v, old @ 27}

)
[-40
i
tf

7| Bo] AgHx god 7]E9 AF(Lines 5 1974, Bell 5 1976, Mansour %

ol ol W@ AAE/ WHne dxAe WEgd Aeld Ueuttn sy

th, B Apo e AFRAAES EF glar cinch suture® A3 wEkx wk o Apot

o

PNS impaction® @ 913 LsollA] Sn¢ W& R ¢ @+ dxz oFH&S
ERU) STt

Sn# upper lip9] F7FE9 ¢l subalar region ¥ 1 =W} 99l supracommissural
region®] W& 1FoA 27 59%, 38%, 27l A 242} 68%, 44% = EFSL
Soncul(2004)2] & F o A= subalar, supracommissural region®] ZFz} 79%, 45% =
Uelykon o] AL Aol advance, 3+t set-backA] ¢t Fotilrtt 2w o) %A

Hzleko] o AA yeldosE ojd e dFE(McCance 5 1992, Soncul 2004)3 F
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Figure 11. Changes in lip profile
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stotol A 1o 74§, Bell g B'o Wst&2 81%%A
= Hersey %(1974), Lew 5(1990), Chew %(2005)9 ¢t #Ag Ax gt 2
Zltt Pogell W3 Pog'e] W& ¥of St ofF APES BHAF 1¢9 4%
101%, ¥t F&ad 279 AF 89% M &= 1xolA o A Yewoy F &
ol FATA Aol EAEA @UTh ol F &S NG stotw FHEO w
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(a) (b)

Figure 12. (a) Widening of alar base

(b) Increase in transverse nasal prominence
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Figure 13. (a) 3-dimensional increase in lip length(ULP-Ch)

(b) Increase in transverse lip prominence
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Abstract

3-Dimensional facial soft tissue changes of the skeletal Class I

orthognathic surgery patients using a 3-D laser scanner

Soo-Yeon Kim

Department of Dentistry
The Graduate School, Yonsei University
(Directed by Professor Hyoung-Seon Baik, D.D.S., M.S.D., Ph.D.)

The maxilla and the mandible are re-oriented 3-dimensionally during
orthognathic surgery. Analogously, the soft tissue is also changed in
3-dimension. Generally improved facial esthetics after surgery though is
acknowledged or judged mainly by the changes in the soft tissue. However,
until now, only 2 dimensional analysis by lateral cephalographs has been used
for the evaluations of facial soft tissue changes after surgery, which presents
limitations in analyzing the actual 3-dimensional soft tissue changes. Therefore,
this study was aimed to elucidate the soft tissue changes of skeletal Class III
patients after orthognathic surgery by using a 3-dimensional laser scanner.

The subjects consisted of 20 patients with skeletal Class III who underwent
Le Fort osteotomy with maxilla advancement and PNS impaction, along with
B-IVRO with mandibular set back. Among the 20 subjects, 10 patients(Group 1)
underwent 2-jaw surgery with genioplasty, while the other 10 patients(Group 2)
underwent 2-jaw surgery without genioplasty.

3-D images of the patients were acquired by a 3-D laser scanner(Vivid 900,

Minolta, Japan) and the analysis of facial soft tissue changes between pre and

,51,



post-orthognathic surgery was performed. The ratios of the soft tissue changes

according to the movement of the hard tissues was focused, and the linear, angular,

proportional changes of the 3-D measurements were analyzed. Soft tissue changes

according to the 2D cephalographs were also evaluated as control and compared to the

3D analysis.

1.

The horizontal and vertical changes of the soft tissue landmarks on the central
facial structures had no significant differences between the 2-D lateral cephalograph

and 3-D laser scanning image.

. The ratio of the horizontal changes in the paranasal area was higher than in the

subnasale area in both group 1(with genioplasty) and group 2(without genioplasty).

. The ratio of the horizontal changes in the supracommissural area was lower than in

the subnasale area in both group 1 and group 2.

. The ratio of the horizontal changes in the supracommissural area was lower than in

the subalar, B', and Pog’ area in both group 1 and group 2.

The distance between ULP(Upper lip point) and Ch(cheilion) was increased
significantly.

The amount of the horizontal changes in the Pog, Me, Pog’, Me' were significantly
different between group 1 and 2, but the ratio of the soft tissue changes to the
hard tissue changes had no significant differences between two groups.

The soft tissue changes in lateral parts of the face were less compared to the

cental parts.

The results of this study can be used as reference for the 3-dimensional facial soft

tissue changes in regard to the hard tissue changes in 3-D diagnosis, treatment

planning, and evaluation of treatment outcome of orthognathic surgery patients.

Key words @ Three-dimensional laser scanner, Facial soft tissue analysis,

Skeletal Class III, Orthognathic surgery
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