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Table 1. Description of the subjects used in this study and summary of orthognathic surgery performed

Age . Chin deviation

Subject Sex — Surgery B
Year-Month Before After
KSM F 21-0 Mn, 80 setback; Genio, Vt 3.0 reduction; Rt 20 Rt 15

Zygoma, Rt 4.0 Lt 3.0 augmentation

KSG F 22-4 Mn, Rt 80 Lt 3.0 setback; Both angle reduction Lt angle corticotomy Lt 5.0 0
KIH F 21-1 Mn, 10.0 setback; Genio, AP 3.0 reduction Lt 50 Lt 40
KYS M 23-6 Mn, Rt 6.0 Lt 2.0 setback; Both angle contouring Lt40 Lt 1.0
KWS M 25-9 Mn, Rt 65 Lt 5.0 sethack Lt 50 Lt 35
KKY F 21-10 Mn, Rt 9.0 Lt 6.0 setback; Genio, Vt 3.0 reduction AP 3.0 reduction Lt 20 0
KDH M 27-0 Mn, Rt 115 Lt 85 setback; Paranasal augmentation Lt 30 Lt15
KMK F 21-10 Mn, Rt 65 Lt 7.5 setback Rt 20 Rt 05
KM]J F 20-10 Mn, Rt 6.5 Lt 105 setback; Genio, Vt 3.0 reduction Rt70 O
KBJ M 25-10 Mn, Rt 8.0 Lt 12.0 setback; Genio, AP 3.0 advancement; Rt 20 Rt 1.0
Both angle contouring
KBW M 27-3 Mn, Rt 13.0 Lt 17.0 setback; Genio, Vt 4.0 reduction Rt50 O
KYS F 18-8 Mn, Rt 7.0 Lt 6.0 setback; Genio, Vt 3.0 reduction Rt15 0
KYL F 22-6 Mn, Rt 155 Lt 135 setback; Genio, Vt 3.0 reduction Lt35 0
KJH M 34-0 Mn, Rt 2.0 Lt 13.0 setback Rt 110 0O
KCW M 23-5 Mn, 14.5 setback; Genio, Vt 6.0 reduction Lt 05 Lt 05
KPM M 25-3 Mn, Rt 5.0 Lt 12.0 setback Rt 60 Rt 10
KHC M 3H-1 Mn, Rt 155 Lt 4.5 setback; Genio, AP 3.0 reduction Lt 60 Rt 1.0
NHG M 26-4 Mn, Rt 4.0 setback Lts50 0
PSA F 26-6 Mn, Rt 9.0 Lt 6.0 setback; Genio, Vt 3.0 reduction; Lt 20 O
Both angle contouring
PJS M 26-3 Mn, Rt 75 Lt 55 setback Lt 1.0 Rt 20
SHN F 24-7 Mn, Rt 4.0 Lt 95 setback; Both angle contouring Rt 60 Rt 15
SHS M 29-8 Mn, Rt 11.5 Lt 105 setback; Genio, Vt 5.0 AP 5.0 reduction Lt10 O
SJS M 24-6 Mn, Rt 95 Lt 135 setback; Lt angle corticotomy Rt15 0
YBH F 27-8 Mn, Rt 25 Lt 7.0 setback Lt 50 Lt 20
SKC M 24-9 Mn, Rt 105 Lt 8.0 setback; Genio, Vt 4.0 reduction Lt 20 O
YHJ F 19-4 Mn, Rt 7.0 Lt 10.0 setback Rt 35 0
LGH M 24-3 Mn, Rt 1.0 Lt 6.0 setback; Lt angle augmentation Rt 80 Rt 3.0
LGH M 26-11 Mn, Rt 65 Lt 7.5 setback; Genio, Vt 6.0 AP 4.0 advancement Lt 20 Lt 20
LNR F 18-5 Mn, Rt 11.5 Lt 11.0 setback; Genio, Vt 3.0 reduction Rt 15 Rt 15
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Table 1. Continued

Age Chin deviation
Suest e Year-Month Surgery’ Before After
LSN F 18-10 Mn, Rt 45 Lt 125 setback Rt 60 Lt 1.0
LYH M 33-4 Mn, Rt 1.0 Lt 6.0 setback Rt 30 Lt 05
LJH F 28-10 Mn, Rt 85 Lt 80 setback; Genio, Vt 5.0 reduction Lt 05 Lt 05
LH]J M 24-1 Mn, Rt 5.0 Lt 12.0 setback; Genio, Vt 3.0 reduction Rt 40 Rt 15
JWS M 22-9 Mn, Rt 145 Lt 5.5 setback; Genio, Vt 5.0 reduction AP 5.0 advancement Lt 10.0 Lt 4.0
JGT M 23-6 Mn, Rt 85 Lt 5.5 setback; Both angle 5.0 reduction Lt 40 Lt 20
JMS M 28-0 Mn, Rt 6.0 Lt 7.0 setback Rt 20 Rt 10
JMY F 24-11 Mn, Rt 6.0 Lt 80 setback; Genio, AP 4.0 advancement; Both malar Lt 1.0 Rt 2.0

reduction

JSK M 25-10 Mn, Rt 7.0 Lt 4.0 setback; Genio, Vt 3.0 reduction Lt 80 Lt 1.0
JSM F 28-0 Mn, Rt 10.0 Lt 5.0 setback Lt 35 Lt 05
JHJ F 21-10 Mn, Rt 75 Lt 3.0 setback Lt 70 Lt 20
CYR F 19-4 Mn, Rt 7.0 Lt 5.0 setback; Genio, Vt 3.0 reduction Lt 35 Lt10
CCJ M 30-6 Mn, Rt 11.5 Lt 5.0 setback; Genio, Vt 5.0 reduction AP 3.0 advancement Lt 6.0 Lt 2.0
HYK F 26-6 Mn, Rt 7.0 Lt 3.0 setback; Genio, AP 4.0 reduction Lt25 0
HSW M 25-6 Mn, Rt 8.0 Lt 2.0 setback; Genio, Vt 3.0 reduction Lt 80 Lt 1.0
HEA F 19-3 Mn, Rt 95 Lt 8.0 setback; Genio, Vt 5.0 reduction AP 3.0 advancement Rt 1.0 Rt 3.0

“The number in the surgery column indicates the amount of operation (unit; mm); "The degree of chin deviation

before and after surgery is expressed as the angle formed by Cg-ANS and ANS-Me lines (unit: °). Mn, mandible;

Genio, genioplasty; Vt, vertical; AP, anteroposterior; Rt, right; Lt, left.
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Fig 1. Cephalometric landmarks to represent hard tis-
sue change. Detailed description of landmarks is in
Table 2.
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Table 2. Description of frontal cephalometric landmarks used in this study

Landmark Name Definition

Cg Crista galli Mid point of crista galli

ANS Anterior nasal spine Tip of anterior nasal spine

Jaev Jugal process (dev) Intersection of jugal process with maxillary tuberosity (deviated side)

Jeu Jugal process (ctl) Intersection of jugal process with maxillary tuberosity (contralateral side)

Ubgey Upper first molar (dev) Most buccal point on the crown of upper first molar (deviated side)

Uben Upper first molar (ctl) Most buccal point on the crown of upper first molar (contralateral side)

L6ev Lower first molar (dev) Most buccal point on the crown of lower first molar (deviated side)

L6 Lower first molar (ctl) Most buccal point on the crown of lower first molar (contralateral side)

Ul Upper incisors Mid point between upper central incisors at the level of incisor edges

L1 Lower incisors Mid point between lower central incisors at the level of incisor edges

ATdev Articulare (dev) Intersection of ascending ramus with the contour of mastoid process
(deviated side)

Arey Articulare (ctl) Intersection of ascending ramus with the contour of mastoid process

(contralateral side)

GOdev Gonion (dev)

Goey Gonion (ctl)
Agdev Antegonion (dev)
Age Antegonion (ctl)
Me Menton

The most lateral and inferior point at the angle of the mandible (deviated side)
The most lateral and inferior point at the angle of the mandible (contralateral side)
The deepest point in the antegonial notch (deviated side)

The deepest point in the antegonial notch (contralateral side)

Point on inferior border of symphysis directly inferior to mental protuberance
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Fig 2. Photometric landmarks to represent soft tissue
change. Detailed description of landmarks is in

Table 3.
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Table 3. Description of photometric landmarks used in this study

Landmark Name Definition

Paev Preaurale (dev) Intersection of cheek contour with ear lobe on the deviated side

Peu Preaurale (ctl) Intersection of cheek contour with ear lobe on the contralateral side

Pn Pronasale The most prominent point on the nose

Algey Alare (dev) The most lateral point of the contour of nose (deviated side)

Al Alare (ctl) The most lateral point of the contour of nose (contralateral side)

Sn Subnasale The most inferior point on the outline of the middle area of nose

UL Upper lip The superior point of the vermilion border of the middle area of upper lip

LL Lower lip The inferior point of the vermilion border of the middle area of lower lip

Chgev Cheilion (dev) The most lateral point of the vermilion border of the lip on the deviated side

Chey Cheilion (ctl) The most lateral point of the vermilion border of the lip on
the contalateral side

GO’ v Soft tissue gonion (dev) The most lateral and inferior point of the outline of the deviated cheek

Go' e Soft tissue gonion (ctl) The most lateral and inferior point of the outline of the contalateral cheek

GMgev GM (dev) The bulkiest point of lower mandibular outline between gonion and
menton of the deviated side

GMeu GM (ctl) The bulkiest point of lower mandibular outline between gonion and menton
of the contalateral side

Me’ Soft tissue menton The most inferior point of the prominence of the chin in middle area
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Table 4. Correlation coefficient between hard tissue change and soft tissue change in the horizontal direction

dh Piew Zh Py dh UL dh LL  Zh Chaey <h Char <h GO'dew <h GO' i <h GMaew <h GM <h Me'

Jh [6w 0199 0155 0145 06417 0293 0253 0368 0131 04917 04687 06587
Jh 164 0113 0043 0214  0.193 0269 0145 0090 0064  0.112 0279 0278

Jh LI 0272 0118 0003 07767 03377 0271 0299 0183 04667 04917 08097
Jh Arges 0002 0360° -0104 0173 0072 0038  0309° 0289  0412" 0065 0121
Ih Are -0268 04297 0103 0183 0029 0154 -0003 0364 0250 0073  0.080
Ih Gogs -0073 0111 04457 0015  -0094 -0173 0103 0178 0098  -0.066 -0.229
Ih Gow 0037 0024  0375° 0035 002 0128 0069 0209 0060 0227 0050
Ih Agae 0040 0144  0358° 0008  -0152 0009 0154 0114 0025  -0.008 -0.186

Jh Agw 0164 0175  0311°  0.082 0026 0198 -0077 0356 0011 0226 0031
Jh Me 0209 0107 0100 069" 0407 0206 0231 0190 04147 04837 07827

p <005 Tp <001

Table 5. Correlation coefficient between hard tissue change and soft tissue change in the vertical direction

A Pioy v Py v UL Ao LL b Chaw v Chay b GO'aw b GO' 1 b GMaey b GMou v Me'

2o L6 0241 0258 0093 0142 0152 -0006 0262 0243  0545" 04757 05837
v L6y 04107 0358 0108 02201 0161 0005 0367 0426" 05367 05507 05807

v LI 0.302°  0.248 0148 0328 0.158 0.010 0.281 0.293 05977 04977 05947
v Arges 0037 -0.050 0010 -0.062 0171 0.09% 0.036 0019 -0.074  -0.070 -0.085
v Arey - 0024 0007 -0127 -0.120 0.021 0022 -0.09%  -0011 -0.233 -0.142  -0.179
v Goger 0143 -0.129 0019 0208  0.196 0.062 0.123 0.027 0.188 0.102 0.103
v Goy  0.251 0.160 0056 02838 0355 0133 0342°  0382" 0317 0363"  0.283
v Agaes 0179 0.140 0152 0231  0.292 0.081 0.241 0.206 04127 0345 0243

v Agw 04607 04567 0037 0131 0211 0039 04677 05107 04077 05437 0289
v Me 0125 0038 0108 0237 0011 -0008 0248 0212 06487 05807 07297

p < 005 Tp <001

ko] Az W3} o3 T80 HA Ze A= = ASHELS Yepidth M=z Ak S
AdE YERIQITE (Table 4). I e Go AgS Hlwd A} GoHUtl Ago| 9

Tl BS AxA ASH F Lba, LI, =3} W& B5oA Bu g2 Axz] ASIgE
Gou, Agw©l 5 - 79 x4 ASIEY aglu 7 fog FAAE S Hole ez YelTh Le<
Me®} L6¢,©] 3702 A=A ASdEa} 7242t fe 735 15T R So] AME O S e
g S Bol AxF SN oS0 f§& A= FEEEe] A fole HHASQ Low o] B
Al AHEE F ASE AARIR ST Ar, Arge, AzxZ A3 FAAE B2 v, FRH S
Gogev = A FEHAT Fo|3t FAg S HolA| & ME WEQ] L6yl A S Lo Hrt B Ax
o} FAEke] AxZ] W3} o Sl Ego] HA & 2 ASPEY} fol3t JHAdS B AubEe
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2 S s A S A 2A AlSH-e] vid S Fdol w2 Az ASHE A4 ASHE=R
ASHT ZAY 1 o B HAdS B vkd Zyzy et A3 LL g oA qk ui2 hko
FAHAZ = TS A& o] HY=HT}F B} e AxZo] AYd vk ymx] Axze e
2o AAGE Ho FHwstel FANsts AR F-9lo] Ax= Wstel &S o]Fo] 1: 1 mean ratio
o2 S YERNITE (Table 5). 2 our) Sl EE S Bk 9k L1 5

AxZ] ASHHE 7P dddo] =2 A2 A el AzxA AS 5 &S o] Fof Fynkeke]
=& AEdle] [ :1 mean ratios AFE3F Ay AzxZ] W} oS 7P F8s A2 5 Qe
Table 63} 79 ZA3E AUt FHWAI oA 717 Azx2 ASALS HAFUY vtz s A=

Table 6. Mean ratio between soft tissue and hard tissue change in the horizontal direction

Mean change (mm) Mean ratio Correlation
4dh Peey / 40 L1 0.405 / 3.221 0.126 0.272
4h Py / 4h Arey 0.191 / 0.093 2.054 0.429"
4h UL / 4h Godey 0.422 / 1.802 0.234 0.445"
4dh LL / 4h 11 1.869 / 3.221 0.580 07767
4h Chgey / 4h Me 0.767 / 4.023 0.191 04077
4dh Chey / 4h L1 1.586 / 3.221 0.492 0.271
4h Go“dev / 4h Lbuey 1.077 / 2.209 0.488 0.368"
4h Go’wa / 4h Ara 1519 / 0.093 16.333 0.364"
4h GMaey / 41 Lbey 2.871 / 2.209 1.300 04917
4h GM / 4h L1 3282 / 3.221 1.019 0.491"
4h Me” / 4h L1 4561 / 3221 1.416 08097

p < 005 Tp <001

Table 7. Mean ratio between soft tissue and hard tissue change in the vertical direction

Mean change (mm) Mean ratio Correlation

AV Pae / AV Agu 1578 / 0.744 2121 0.460"
A4V Py / 4V Aga 1115 / 0.744 1.499 0.456"
Av UL / 4V Agae 0.021 / 0.826 0.025 0.152

4v 1L/ 4dv 11 0232 / -2.477 -0.094 0.328"
4y Chaey / 4V Goe 0.659 / 0.081 8.136 0.355"
4v Cha / 4v Gow -0.013 / 0.081 -0.160 0.133

Av Go'aey / 4V Aga 0.009 / 0.744 0.012 04677
AV Go'et / AV Age -0.196 / 0.744 -0.263 05107
4v GMaew / 4v Me -1.380 / -3.279 0421 0.648"
4v GMe / 4v Me 2406 / -3.279 0.734 0580"
4v Me' / 4v Me -2106 / -3279 0.642 0.729"

p <005 Tp <001
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o2 yeht FxAe] st diste sk F
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It} (Table 6).
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4% Me°] GMu, GMey,
T e A=A ASFEH Ao o] F=H /\]'
o] Az FARS) o Sl F-&3HA ARE
2 = . Me'9] 735 0]'-1‘
22 AZAY o] Tl WE AF dAxA A
o] M3E JERN = mean ratiodte] 0.6425 Ho
249 #44 A ool AZAE 64% A
T mEpte e B3t (Table 7).

Table 8. Results of stepwise multiple regression analysis for the horizontal change of soft tissue points

Equation R’
4h Paey - -
4dh Py 0.71 + 4hArq + 013 0.184
4h UL 0.16 + 4hGogey + 012 + 4hGoey + 0.11 + dvAry - 0.03 0.437
4h LL 065+ 4hL1 - 0.22 0.602
4dh Chgey 023+ 4hMe - 0.16 0.166
dh Chey - -
4dh Go'dev 054 + dhArg, + 1.03 0.096
4h Go'e 082+ dhAry + 1.44 0.133
4dh GMeev 099« 4hL1 + 126 + 4hArger — 035+ 4VArg, + 0.09 0.483
4dh GMey 1.07 - 4hL1 - 0.15 0.241
4h Me' 089+ 4hL1 - 037 + 4hAgaev — 045« AVLEy + 0.819

032 - AVAgctl -

0.16 + dvArgy + 034 - 4hMe + 0.76

Table 9. Results of stepwise multiple regression analysis for the vertical change of soft tissue points

Equation R’
A4V Peey 0.90 + dvAgq - 0.18 « 4vGogey + 1.26 0.335
4v Pey 0.78 « 4vAge - 0.16 + 4vGogey + 0.83 0.321
4dv UL - -
dv LL 019+ 4vL1 + 0.72 0.107
4v Chaev 027 « 4vGo + 0.64 0.126
4v Che - -
A4v GO’ dev 041 « 4vAgea + 0.29 * 4hGogey + 0.39 + 4hL6ey -1.40 0.402
4v Go'c 0.76 « AvAgq + 062« dhl6.y - 1.67 0.349
4v GMeey 043+ dvMe + 050 + dvAger + 025+ dhGogey — 0.84 0.586
A4v GM 035+ dvMe + 049 - 4vAga - 027 + 4hMe - 0.53 0.542
Adv Me' 047 -+ dvMe + 0.36 + 4vL6gey — 0.35 0.582
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ORIGINAL ARTICLE

Prediction of frontal soft tissue changes after mandibular

surgery in facial asymmetry individuals

Hyeon-Shik Hwang, DDS, MSD, PhD,* Jessica J. Lee, DDS,” Chung Hyon Hwang, DMD, MPH,’
Hak-Hee Choi, DDS, MSD,‘jl Hoi-Jeong Lim, MS, PhD*

Objective: To aid the development of a frontal image simulating program, we evaluated the soft tissue frontal
changes in relationship to movement of hard tissue with orthognathic surgery of facial asymmetry patients.
Methods: Preoperative and postoperative frontal cephalograms and frontal view photographs of 45 mandibular
surgery patients with facial asymmetry were obtained in a standardized manner. Vertical and horizontal changes
of hard tissue and soft tissue were measured from cephalograms and photographs, respectively. Soft tissue
change in result to hard tissue change was then analyzed. Results: Both vertical and horizontal correlation analy-
sis showed a weak relationship between the changes. Hard tissue points that were picked for 1 : 1 mean ratio
with soft tissue points did not show any significant relevance. For each soft tissue change, regressive equation
was formulated by stepwise multiple regression analysis, and the equation for soft tissue Menton was most reli-
able in predicting changes. Both vertical and horizontal hard tissue changes were used together in prediction of
vertical or horizontal soft tissue change. Conclusions: The results suggest that computerized image simulation
using regression analysis may be of help for prediction of soft tissue change, while 1 : 1 mean ratio method is
not useful. (Korean J Orthod 2008;38(4):252-264)

Key words: Prediction of soft tissue change, Frontal cephalogram, Frontal photo, Facial asymmetry,
Image simulation
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