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2. A 99

7F 329 CT 94 ATA

BE 3AE supine positiono® FE A 19 oJu(T1), FE 14
0] 2(T2)°ll CT (SOMATOM Sensation 64-slice, Siemens, Malvern, PA, USA) A<
Z4gstlth. pDIcOM #Aow FEE  CTO axial views= Mimics 14.11
(Materialise Dental co., Leuven, Belgium)& A}F&3lo] 329 FAJo=
A4 3kt Hard tissue®} Soft tissue= AZE 9] bone threshold ¢} soft
tissue threshold & ©]&3to] #elqltt. EE x50 FF5O=E Menton

LS Hol=F JEs %o

i)
o
Iy
o
u

A E Hole s FH9
A Qs g8ste] AT Gl e A5 33 P Geomagic
Control X 2023.3 (Arctec Eruope co., Senningerberg, Luxemburg)E ©]-&3}<

AFNAE 71Fo2 T35 H(Figure 1).

Figure 1. Superimposed 3D image of

pre- and post-surgical CT image




U4 71E4, 71€%4E 44

QL 7148 24
BxA 7lEde %57 2 Aoe vhS3 ZtH(Table ).

Table I. Description of standard landmarks in the study

Landmarks Definition

Nasion (N) the most anterior point of the frontonasal suture

Basion (Ba) midpoint of the anterior margin of the foramen magnum
Orbitale Right (Or Rt) the lowest point on the lower edge of the right cranial orbit
Orbitale Left (Or Lt) the lowest point on the lower edge of the left cranial orbit

the highest point on the upper margin of the right external

Porion Right (Po Rt) auditory canal

(2 % 71+ BHY 43
Z}-$-= Orbitale (Or Rt, Or Lt)Z} Porion right (Po Rt)E #| 1}+= Modified Frankfort-
horizontal plane (FHP)S % 7| o2 A3} th(Kim et al., 2022b; Kwon et

al., 2020).

() AT A " 4A

A5 Al HWA(Mid sagittal plane, MSP)< FH plane®l 4=%]o] HHA A4
F3F 2521 Nasion (N), $WH F7F -2 &<l Basion (Ba)ES Ayt HHOo

¥ H W (Coronal plane) 3 7| HWHIY AT Al HHG Aol 73

e
i)
=

A] Porion right (Po Rt)E |1+

rlr
o,
=
o
fr
it
o
ol
2
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http://www.dbpia.co.kr/view/ar_view.asp?arid=2154221
http://www.dbpia.co.kr/view/ar_view.asp?arid=2154221

o. ASH
(D ASHE 4A

A& 742 Simplant pro 2011 Service pack (Materialise Dental co., Leuven, Belgium,
Version 14.0.1.2) AXE o] oA F7HRE (x,y, 22 YEFN A th(Figure 2,3).

X5 MSPE WA AellM 298] 24, YS2 Coronal plane®] H4d

FellA AFY A dE, 25 FHPO| WA Aol M Fade] 22 ds vE
WS A4l A4 ASHS oF w4ds tHshs Mentond}t A=
2 FAY 542 #1% B point® AATAT. Axz ASHLS Al wE
olF%F HIAE ] AT F-9l(medial area)®t, 15 H-9l(lateral area)ell X Z+7}

Coronal plane

Figure 2. Reference planes and hard tissue landmarks



Figure 3. Soft tissue landmarks

* Horizontal plane: Parallel to the FHP passing through the B point

Table II. Description of hard and soft tissue landmarks in the study

Groups Landmarks Definition
Hard tissue B point (B) the deepest point in the anterior outline of the mandible
Menton (Me) the most inferior point in the middle of the mandibular chin
Soft tissue Labrale inferius (Li) the midpoint of lower vermilion border
Cheilion deviated/non-deviated (Ch-D/ND) the most lateral point of lip

. , the deepest point of the appearance of chin soft tissue on the
Softtissue B (B) parallel plane to the FHP passing through B point

Soft tissue B deviated/non-deviated (B'-D/ND)  the midpoint of the Ch-D/ND and Me'

Soft tissue Menton (Me") the lowest point of the soft tissue appearance of chin




(2) ©o]%F B]& ¥ linear measurement A%

349 FHHEL Gehiold Mentondt AEH AZH F W o|FFL

[TFe F I dxy2]-[F= 4 JFE Ky 2= ArEAT

Menton®] =2 9ol wE dxz ASFH ol HES olTTel H[E

rﬁ
_I>;
L
e
o
1o
-
it
2R
-101
ﬁ

]_Eé AL A

T3, Ve, 424, dx4 ASH Aol AYE E3 vl 7HA linear

measurement & =g 3} 31 TH(Table I1I).

Table III. Description of linear measurement in the study

Landmarks Definition

Me deviation the shortest distance between Me and MSP
Me' deviation the shortest distance between Me' and MSP
Lip width distance between Ch-D and Ch-ND

Chin soft tissue thickness distance between B and B'
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Soft tissue Menton?] ©]% H| &l )3 Ax
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H| L E 98] Mann—Whitney U test7} AR5

Linear measurement®] % % WH3IE H|WsH7] £38] Wilcoxon

signed rank test7} A% At}

Menton ©]5% % <% A chin soft tissue thicknessol] w3t lip
width W3l AdaAAE &213t7] 93] Spearman’s correlation

analysis7} AF8-5 At}
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1. AzAT dz4 AZHY &

)
2
o
9
ofl
ot

RE AadAte] AR dxA ASHY e 45 A WsE 3444
A ol 583t Menton ©5F ] TS XFolA F50= 3.77
mm, YA FTHOoE 7.80 mm, ZFoA AHOE 3.03 mm% T Soft tissue
Menton (Me")9] ©]5 % S1Hat2 XFA 592 3.6 mm, YFAIA FHo=

9.16 mm, ZZ ol A Ao & 1.41 mm$ tH(Table IV).

XFNA Med}t Me'9] ol F2 FASE %S HA o YHS Me'o] ¢ 3o,

Z=o = Meo] © Zth B9 Z |52 73S 288 mmzE Ax2 A=

mi
o

A 7bed 7P & ol e S B tK(Table IV).
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Table IV. Movement of landmarks between pre- and post- surgical procedure

Landmarks AXis Movement (mm)
Median Maximum Minimum
Me X -3.77 -0.19 -10.62
Y -7.80 -0.20 -14.03
Z -3.03 1.45 -11.93
Li X -2.35 0.16 -5.26
Y -6.79 0.96 -12.62
Z 2.14 6.05 -6.28
Ch-D X -2.13 -0.19 -6.84
Y -2.62 2.49 1.4
V4 2.15 4.51 -2.5
Ch-ND X 0.34 4.38 -2.61
Y -3.32 2.05 -8.93
Z 0.6 4.99 -1.76
B’ X 3.1 0.53 -9.45
Y -6.74 0.87 -12.53
Z -2.88 2.22 -11.54
B-D X -2.70 -0.49 -8.79
Y -6.37 0.91 -11.04
Z 0.32 3.94 -7.58
B'-ND X -1.81 1.39 -4.96
Y -7.24 1.1 -10.99
Z -0.31 1.94 -6.85
Me' X -3.6 -0.24 -11.14
Y -9.16 5.77 -15.06
Z -1.41 4.03 -11.44

X: () left, (-) Right; Y: (+) Anterior, (-) Posterior; Z: (+) Inferior, (-) Superior.
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=4 A
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A9 X% o W&

XZF oA 1ol 7HE 7k ol F MlE Tk KBSl HE MeE 1.02 3
o A5 F9lol 1A% B'Y Li 7F+d Menton}o] AZl7F o ¥ Livk Me'?}
Fro)abe BAthp<0.01). Li®] o]& W& a2 05930tk Hldl A o] 35
1Ag B-D} Ch-DO] o] H|& T3k Likth Zlom Med FoxtE 1
017 & AThp>0.05). HIthH H]o]ZZo 9% B-ND, Ch-ND¥E Me'Rth 9]

naHA e o]F Hl&S HATHp<0.01). L ¥ Ch-NDE RE A=SH 71$¢

=

Frdd 9 ols vlE SEs ®BGlom, o]= Ch-ND7} Menton?} whof #
ol SAYS F2 HISS ou)dtl(Table V, Figure 4).

Menton®ll 7FAl 1A 5 AxAe] X=F o]s H|EL i, H|UA 4

o|3t59] olF HEE Me®EUTE o m kA 2Ftth(p<0.01).
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Table V. Movement ratio (Me) of soft tissue landmarks at X-axis

Landmarks Movement ratio (Me) X-axis

Median Maximum Minimum p value
Li 0.59 1.65 -0.80 0.000**
Ch-D 0.67 6.33 0.13 0.091
Ch-ND -0.13 0.30 214 0.000**
B' 0.91 1.68 -1.96 0.051
B'-D 0.86 3.30 0.51 0.111
B'-ND 0.43 3.44 -6.95 0.000%*
Me' 1.02 4.89 0.69

(+): Same direction; (-): Opposite direction.
Mann-Whitney U test was performed; *p<0.05; **p<0.01.
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Figure 4. Movement ratio (Me) of soft tissue landmarks at X-axis

Mann-Whitney U test was performed; *p<0.05; **p<0.01.
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3. AxA ASHY YF °o]F HlE&

Y= oA 1o 7HE 7k olF BlE RS B A2 Me'S® 0.99
Aot AFEY 93 B Lit Me'? Fox2 HolA ZUTHp>0.05).
Menton¥}¢] 727} B'¥} H]523F B-D/ ND9| o]% H|& F37Hgke 0.79% B'H.Uh
0.06 E3kom Me'¥ Hlaste] fFon|stAl 2 Skth(p<0.05). F5 THE ]
= Ch-D/NDQ| °]F H& S7HgkS 042, 04302 Me'Bul fonlskAl 2kt

TH(p<0.01) (Table VI, Figure 5).
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Table VI. Movement ratio (Me) of soft tissue landmarks at Y-axis

Landmarks Movement ratio (Me) Y-axis
Median Maximum Minimum p value
Li 0.80 11.15 -0.14 0.161
Ch-D 0.42 1.80 -0.70 0.002**
Ch-ND 0.43 2.66 -0.57 0.002**
B' 0.85 10.25 -0.76 0.079
B'-D 0.79 1.35 -4.25 0.044*
B'-ND 0.79 1.25 -5.50 0.020*
Me' 0.99 2.52 -28.85
(+): Same direction; (-): Opposite direction.
Mann-Whitney U test was performed; *p<0.05; **p<0.01.
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Figure 5. Movement ratio (Me) of soft tissue landmarks at Y-axis

Mann-Whitney U test was performed; *p<0.05; **p<0.01.
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Figure 6).
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Table VII. Movement ratio (Me) of soft tissue landmarks at Z-axis

Landmarks Movement ratio (Me) Z-axis

Median Maximum Minimum p value
Li -0.14 159 -17.81 0.027*
Ch-D -0.43 211.5 -10.63 0.008**
Ch-ND -0.15 4.33 -42 0.001**
B' 0.92 3.41 -76.5 0.085
B'-D 0.053 197 -4.33 0.055
B'-ND 0.21 97 -1.93 0.037*
Me' 0.57 201.5 -3.76

(+): Same direction; (-): Opposite direction.
Mann-Whitney U test was performed; *p<0.05; **p<0.01.
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Figure 6. Movement ratio (Me) of soft tissue landmarks at Z-axis

Mann-Whitney U test was performed; *p<0.05; **p<0.01.
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5. &< Z% linear measurement®| 3}

Menton} soft tissue Menton®] HFE = = 7435t 1 mm W99 F=
T TS BT B3 e A% vl A o gk xpolE B QI TH(p<0.01)

(Table VIII).

Lip width= % % 3.33 mm 743}l 3L chin soft tissue thickness™ 0.66 mm

[

Z7lstdon] ol EAH R 4984 THp<0.01) (Table VIID).

Table VIII. Changes of linear measurements between pre- and post-surgical procedure

Linear measurements Time Length (mm)
Median Maximum Minimum p value
Me deviation T1 4.81 12.16 0.18 0.00**
T2 0.80 3.76 0.09
T2-T1 -3.50 -0.09 -10.62
Me' deviation Tl 5.52 12.89 0.78 0.00**
T2 1.27 4.18 0.03
T2-T1 -3.61 -0.24 -11.13
Lip width T1 51.64 67.73 43.59 0.00**
T2 48.62 57.76 40.23
T2-T1 -3.33 -0.6 -9.97
Chin soft tissue thickness T1 12.79 16.86 11.41 0.005**
T2 13.38 19.96 11.36
T2-T1 0.66 3.1 -1.04

Wilcoxon signed rank test was performed; *p<0.05; **p<0.01.
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% F lip widthe Tad] FFE HAE 29de ol 9

chin soft tissue thickness, Me%] X,Y, Z=

Y,
Mo
£
o
>

|8 5} AT}, Spearman’s correlation analysisE A & 5}5l o A4 o=

frefmgt BAE HolA 2k kth(p>0.05) (Table IX).

Table IX. Correlation coefficient of lip width change -to- Menton movement and chin
soft tissue thickness

Me X-axis Me Y-axis Me Z-axis Chin thickness
C p value C p value C p value C p value
Lip width change ~ 0.16 NS -0.21

NS 0.67 NS -0.29

Spearman’s correlation analysis was performed; Me X, Y, Z-axis: movement of Menton at each axis;
Chin thickness: chin soft tissue thickness; C: Correlation coefficient; NS: Non-significant.

NS
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ABSTRACT

Analysis of lower facial soft tissue movement ratio according to

three-dimensional chin movement after two-jaw surgery

in patients with skeletal Class III malocclusion

Daeyeob KIM, D. D. S.
Department of Dentistry
Graduate School of Yonsei University

(Directed by Prof. Hyung Seog Yu, D. D. S., M. S. D., Ph. D.)

Despite the expanding field of nonsurgical orthodontic treatments, a surgical approach
is still required to resolve skeletal discrepancies as facial asymmetry and mandibular
prognathism. Recently, the accuracy of prediction of post-operative skeletal changes has
increased with the widespread use of three-dimensional CT analysis, but residual soft tissue
asymmetry has been reported after surgery. In this study, we aimed to determine the
correlation between chin hard tissue movement and lower facial soft tissue changes after

two-jaw surgery using pre- and post-operative CT images.

The study subjects were 18 adults (8 males, 10 females, 21.8 = 3.63 years old) who were

diagnosed with skeletal Class III malocclusion and underwent orthognathic surgery at
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National Health Insurance Service Ilsan Hospital, Korea, and had a mean Menton deviation

of 5.18 £ 3.48 mm in the mid-sagittal plane. Hard and soft tissues were reconstructed from

three-dimensional CT images to measure the amount of movement, linear measurements,

and the ratio of soft tissue to hard tissue movement before and after surgery. The following

results were analyzed for differences in movement ratio according to the location of soft

tissue and the changes of the linear measurements after surgery.

1.

The most similar point to the movement of Menton was Me' in the horizontal and
anteroposterior direction and B' in the superoinferior direction. The inferior soft

tissue of the chin was hard to follow the upward movement of Menton.

The ratio of X-axis movement of the asymmetric non-deviated side was
significantly smaller than Me' (p<0.01). The ratio of X-axis movement of the
asymmetric deviated side was not significantly different from Me' (p >0.05). Soft
tissue movement on the asymmetric deviated side was more similar to Menton's

horizontal movement than the non-deviated side.

The Y-axis movement ratio of B', Li which is located in the medial area was not
significantly different from Me' (p >0.05). The Y-axis movement ratio of the lateral
soft tissue was significantly smaller than Me' (p <0.05). The movement of medial
soft tissue was more similar to Menton's anteroposterior movement than the

movement of lateral soft tissue.

The Z-axis movement ratio of Ch-D and Ch-ND was significantly smaller than Me'

(p<0.01), and the movement was mainly in the opposite direction of Menton. The
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correction of lip asymmetry by chin movement was limited.

5. The median movement ratio in the Y-axis was positive at all measurement points,
unlike the X and Z-axes. The anteroposterior movement of the lower facial soft
tissue was more similar to Menton's movement than the horizontal and

superorinferior movement.

6. Lip width was significantly decreased and chin soft tissue thickness was

significantly increased (p <0.05).

In the surgical treatment of patients with facial asymmetry, the soft tissues do not follow
all the movements of the hard tissues, making it difficult to accurately predict the facial
appearance. In this study, the anteroposterior movement of soft tissue was more similar to
Menton than other directions, and the chin soft tissue had a relatively higher movement
ratio than the lower lip soft tissue, which was favorable for predicting post-operative
changes. Therefore, understanding and utilizing the similarities and limitations of post-
operative soft tissue changes may lead to better pre-operative prediction and post-operative

prognosis.

Key words: Facial asymmetry, Two-jaw surgery, 3D CT images, Lower facial soft tissue change
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