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2AY 7 $AaTe Aetae AFY Ex serze] AE U Ao A
WS BEAQ olehd J]PoE, ot J5A Fel¥ o AvA A

Eutsto] ape] ko] Ao P& w|FIth(Hall et al. 1987). olfdt Stz

o
=
o AT eAHQ w3 IES w3y g8t X7 WMo oty F%o)

rok

T A eHEdd
stetEs FEAZIE dEAel E4e®, et S A& (sigmoid notch) H-E
stetze] std7bA AR Fdde Aldsks Wyolth ol A W #Ad sy

A A< (Intraoral subcondylar osteotomy) oA Fa#l® Zo=Z 1964 Moosedl

ramus osteotomy, IVRO)Z

N{>
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j=}
=
=
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g A A2MF AT (Moose et al. 1964). ©] 3 Winstanley”} oscillating saws
& IVROE 270sk9ial, Herbertell sl dadse] dA7# d2] AREH AL
1t} (Winstanley. 1968; Herbert et al. 1970). %719 IVROE wireY screw
e Estel 24 =y 94 =S XA = AFE FHsua spgith
a8v 1 flol HAdE FAEwerr: A¥Hor = Aft dejue Ao
HdFE oM, oo wep A IVRO+= 1= T2 ABsHA] =t (Arimoto et

al. 2013). <& F =8 P A TS AFSA B thAl, oF 259 ozt

9

14 (intermaxillary fixation) ¥ s%%<9 st} 55 T3 =4S FEsh
ol FE F A =dol 71ed fAdd AHEskel AFH7] wiLel
SFatotua golst @A sbsAel Rrk(Bell et al. 1990). EF, F4Al
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2.1. 4+ gA

2018 2¢¥%¥H 20233 5¥€7FA AAdEgw Aoy F7Fekbd 2] e A
st o] Ao A Le fort I &< 2 [VROZ o] &

%

1‘

>4
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o
3
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of

35699 B4E FHFHoT HAshqnh

Hd
it
N
N

1 Le Fort I osteotomy % IVROE A]3§3l 3kx}
= A

JE
o
kA

AR} A3l B

A 71+
1) &< A3 owA X7 (Surgery—First Approach) & #& 3z}
2) 9 &

3) atet #F(condyle) ol FE A o]de] Q& At

gl

d& <% (Genioplasty)©] &4te 3A}

4) % A CBCTAA =43 Menton® AZF AAHA Atole] 7 Agrt

Amm o1 AAT HE Wt BA
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Patient who underwent VRO
+ In the Department of Oral and Maxillofacial Surgery
at Yonsel University College of Dentistry
+ From February 2018 to May 2023
(n = 356)

Skeletal Class Il malocclusion
(n=270)

Exclusion (n = 86)
Previous orthognathic surgery
+ Trauma
+ Syndrome
+ Medical or psychological history

Without facial asymmetry
(n=197)

Exclusion (n = 173)

»+ Chintop deviation over 4mm

+ Genioplasty done

Inclusion
(n=90)

Exclusion (n = 7)

|+ Loss of follow-up

+ Refinement based on image
quality




BE A= vAEs T3 dARE stel Fes ARkt AotE e Le
Fort 1 A< (osteotomy)S o] g3l Al on Acky Abo}
splintE o]&3to ARl Algd 91xlo F&s] ALIA AT, ©]F nasomaxillary
buttress % zygomatico—maxillary buttress ol Z#Ho|EES A}&3dte] Ax
17 (rigid fixation) 3}ttt A3 1A= HEMg FdHolE X  Osteotrans
MX(40% hydroxyapatite / 60% poly—L—lactic acid; Takiron, Osaka, Japan)
ZyolEe 24 2.0 mm% monocortical 2IAFE AFE3 T
stelE e dSAH T AdA FFFH S (bilateral intraoral vertical ramus
osteotomy, IVRO)& ol&ste]l Aldsiaivt. zdw & Aotz e] AjglAlol] B
WiEs FASFIL resin splinty:  ©]&ste] stet=E skt =W AHEg
Z=4E& 98 JE=w2Hd (pterygomasseteric sling) BFEE AlgYstF ow, sFobzt
89 =55 WAs Yl 24 =He skl (inferior border) S AA

)=

2
CEQT 24 % A4 W 19 3
94 A

e

f
o

o] FTwshA &2 BF

(training elastic) S ©o]g38t =&3 ofzk 14

ofl
ne
2
rlr
>
S
N
Jo
bt
&
-
N

AaE Bkt & F 3dA Hdskglon, 13Ul ot ugE AAsL
o] % - atet AAF F&E ATAAH(surgical archwire) el 1/8%14 1F&E&
ol gato] stz Y, FW, AT EE& AR A et &% (active
mandibular exercise) & A]2+&Fth



Aol dheebul gl SFR AR AR, PARRE Eekelal, 1dAlel= 3D

CBCTE %71 893l /T BelE Frhshan.

2.2.2. 32 olw| A QA

F= AT, F& F LMD, 1492l Ao #9gs CBCT 94
DICOM (Digital Imaging and Communications in Medicine) #2402 F%3 &
3z A AT Eo]Ql Invivo(Version 7, Anatomage, USA)E &g3lo] 3314

oA E AAdsivh. A dE GAdeld siFeE VEdY Vs dds 2T

sterzel 91 WeE Ee B ASHS FPHom st AF ¢ W

a4 7]+#4 -2 Basion, Nasion, %3 Orbitale, %5 Porion®= 73}t

71%3 (Reference point) A 9] (Definition)

=

B, Basion S F 3 (foramen magnum) A9 H @A

N, Nasion A8 =28 (foramen magnum) A2 AW
Or, Orbitale s} A HshA
Po, Porion ?]o] & (external auditory meatus) ] #4UH




2.2.4. 715 ¥4 4l

#HxA 24

AdE 32k FelA 2.2.2.9 7S 7Ite® & 3 FH (horizontal

plane), A% ¥ (sagittal plane), T

9 (coronal plane) <

242} A sl om,

olE 7t xF, yv&F, zEOZ Aot (& 2). HuEAY ¥H2 Nasion (N),
(0,0,0) 0.7 HAsF o, olF 7|Foz 7z 9| ok Wy Fo wakd s
2ol 7 ol&ksitt.
xF2 AS5S 4 U 5 59 yFo=,
vES TS o] Wk AS 59 WEo R,
25 S ko] ek, S o wWekew AAEgltt (19 2).
X 2. 7]% B4 49

71 39 o =

A 9] (Definition) ‘

(Reference plane) (Axis)
2= 3 . — == .

T3 FHd Nasion< i?}ﬂb‘}ﬁi fgﬂankfort horizontal N

. I Bl w

(Horizontal plane) (FH) planest =<l 31

A Z Py . . _

% "o I;Tﬂaswnﬂ} Basiones Ay, FHEH| =22 N
(Sagittal plane) °

YA H . o= - _

oo Nasions X33t % FAY FF Fde| =

T2l A =

(Coronal plane)




yZ% (antero—posterior); W (+)/ 2AH(-)

2% (vertical); 4 (+)/ 3P (-)
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345 middle

= lingula®] HAHH
inferior point® 3d}o] =

3holx] T TO AA9 CBCT axial view 2AolA stel& sigmoid notch Zs}
ot
A

S

2.2.5. 3tkA] T AS
W s 5mm A8 superior point®,
point®, 3t°t& antegonial notch A% 5Smm A

Ao A AFsATH(E 3, 19 3).
¥ 3. &R A ASF W
A% A% ...
A 9] (Definition)
(Measurement point)
. . sFek si id notch A3A 4k 5 A9 o= 3
Superior point ?;X] EZ}Z%—%/]m(‘)‘%“ﬂ]no c P P SmmeolA o] 4= 3t
stet lingula HAelA el oFF shetx] 2H7be] F7
3}l Z antegonial notch 4% 5S5mmeol A28 U=
zyel A

Middle point

Inferior point

1



A : Superior point, sigmoid notch A& 2] &4 5mm level

B : Middle point, lingula #73% level
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C: Inferior point, antegonial notch 4% 5mm level

% 3. skt FA AS B

13



Invivo software 7oAl 3atd o= AFAE oA & FH HHo wa} 9 74
Ad T slotx dA %9 A= (total mandibular width) S A&tk TO, T1, 18
3L T29 7z} Aol A 3xkd oA 9] 4S5 /%= 7] (mastoid process) ] a4
Fole] Tt Ao HS apetA oA HF A% (midsagittal plane) 7-41 8] 2 A

A AYE ST 5, ol AR gte sets WA Foz Aofsilivt (1Y 4).
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2.2.7. 37k olu|x] =H 4 stk ol =7

32 ATA olwx] FHLE Invivo softwareitolr] FaEATE 4 Fox

A 912 Wb gl FEe bdE W 7 x9) FIHA (cranial base) & V1%
O

rlo

ot

2 e SFFe ¥ ki ¥ (zygomaticofacial foramen), ZFte}

N
-

(supraorbital foramen), ¥&—AF%83%% (zygomaticofrontal suture) & $*
gt AEEE HAa A Y JsdE AdEst] 27 A4S AlgEsl o

FAA F2E VIEoR FUHAQ AE SHe T8 A 9 1Y B AgeE

j_at] 5. 3?]’-%]_ O]U]X] %—7;(:«] 1:71_4 E_xé -ﬂ]'xé

TO% T19 olmA& F3 ekl Pogonion® y+
o]% 2 (setback amount), z= HE WIFS =g sl A o|Ee 7}

zt
Aoz Z4s3Th T0, T1, T29 247 A point, B point, Pogonion® #EgH& vl

k
12
<
off
o
of
:Oé
ol
12
1k
o
o

15



wakel Aol wE AZA0 3494 Wse Brbaksi

2.2.8. aFeA landmark? #FHE o] A4l
TO, T1, T2 A7|¥ landmark® 3x¥4 % o|F %2 Euclidean distance &2
& AHgEt] AtEiGith g o, T AR 2 HuoF A P(x;, Y, 29 P]

(Xj, Yj, 2D A%, 7 A Aol ols A Dy thEat Zo] At

— 2 2 2
Dy = ;= + (v, — v + (3= 2)

°|5 &3l B point, pogonion®| A|Ztell wE 3xY HE oleFE FFHoE A

sttt

e

2.3. A &4 44

B A &4 Statistical Package for the Social Sciences (SPSS, version 28.0,
Chicago, USA), Python 3.9.7 (Python Software Foundation)& ©]&3}¢]
Ty doly Ay 4 #AE s ts gelEdgE o] &st3th Pandas
v1.3.3 (McKinney, 2010), Numpy v1.21.2 (Harris et al., 2020), Scipy v1.7.1
(Virtanen et al.,, 2020), Matplotlib v3.4.3 (Hunter, 2007), Seaborn v0.11.2
(Waskom et al., 2020).

BE BXL Jupyter Notebook HAo|A 3= on, pgke]l 0.05 w7t A=
FAASE Fonst Ao 3T

16



3. 4 3

= AFelA = A 487, oA 429, Har A= 23.9419 F 90 AT
ol A=A, ZF Ao sketbA] Ht Fl= superior point 3.38+
0.75mm, middle point 7.23+0.98mm, inferior point 4.12+0.92mm$%it}.

wsk sletEe F ZS TOoA 100.17+5.14mm, T1olA 106.86+
4.25mm, T2e4 105.33+4.97mmAtH(E 4).

17
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2
D)
Rkl

Characteristic Mean+SD
Age 23.87+4.19
Sex
Male (%) 48 (53.3%)
Female (%) 42 (46.7%)
Mandibular movement
(mm)
Horizontal 12.58+2.37
Vertical 2.16+1.47
Ramus Thickness
(mm)
Superior 3.38+0.75
Middle 7.23+0.98
Inferior 4.12+0.92
Total Mn. width
(mm)
TO 100.17+5.14
T1 106.86+4.25
T2 105.33+4.97
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3.1.2. A 7rel w2 landmark 3% W

T1oA T2 A|H O & o]% A]l, A point, B point, Pogonion? 3xd Hx WH3=
EA5A T, A pointy Ao E xF 0.12mm=+0.32, v= 0.21mm=*0.29, z%
0.28mm=+0.489 o] &5 Hof AJofx Ao F3% o] e WA de Aow
gelsldtt. ¥WhH, B pointE xF  0.05mm=+0.67, vy -1.07mm=+0.68, z=

81lmm+0.91% W3st 3L, Pogonione x% -0.03mm=+0.63, y% -1.37mm=*

53, z% 0.75mm=0.78¢] W3= B yH 59 W3t 259 ko W}

0

O o
FE A5 FLoR ojgd stefzol AN AW WFor Wilde AT
i

rlr

fx

o o O o ©°

AT2-T1

Mean+SD (mm)

A point
X 0.12+0.32
y 0.21+£0.29
z 0.28+0.48
B point
X 0.05+0.67
y —1.07+0.68
z 0.81+0.91
Pogonion
x —0.03+0.63
y —1.37+0.53
z 0.75%0.78

19
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steta el A, F, e 9

Spearman

AE

superior,

sfot#) o

(Pog_x)+

=
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middle,

(Thickness_M) 2}-2]
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Spearman Correlation Coefficient (rho)

p=0.05 I Superior_Ave
p=0.07 Middle_Ave

p=0.08 E
p=0.09 =010 B nferior_Ave

0.20

p=0.16

p=0.19
p=0.21
0.15
p=0.27
p=0.33
p=0.38
010 p=0.41
p=0.57
0.05
p=0.83
. e
it pro02

-0.05 e
p=0.43
=010 p=0.39
B_x B_y B_z B_3D Pog_x Pog_y Pog_z Pog_3D
6. &5 stelAl AAE FA H M A ZF Spearman A¥EA 182

N
—



FH

6. % shebA A T Fi 8

do

3

B 7} Spearman Ar#HEA

Thickness_S_Mean

Thickness_M_Mean

Thickness_I_Mean

Spearman's o

Spearman's p

Spearman's p

(rho) = (rho) = (rho) =
B_x 0.135 0.27 0.221 0.07 0.153 0.21
B_y 0.117 0.33 0.203 0.09 0.169 0.16
B z -0.012 0.92 —0.095 0.43 0.026 0.83
Pog_x 0.100 0.41 0.231 0.05 0.160 0.19
Pog_y 0.209 0.08 0.201 0.10 0.108 0.38
Pog_z 0.069 0.57 0.004 0.98 —0.026 0.83
B_3D —0.031 0.80 —0.050 0.68 —0.082 0.50
Pog_3D —0.100 0.41 —0.105 0.39 -0.119 0.32

22
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171 9]

S

= 5 N, =

s

d

PN
=

g

}o] Pearson

1 S

BRAZ e

bl o,

S

ARow A

oy
00
pasel
)

T

W3k (T1-TO0) 3

A%

N
E

Pearson

A=Ak B_z(r=-0.294,

3}
sl

&EBA 7

29
0.02)= &4

5
hus

e}

=
=

0.01), Pog z(r=-0.273, p

p:
A

T2 NA7 T1 AQe Wahe(T2-TD) 3} ¢

=0.658,

B_y(r

)

=3

=3

|

o

o

o

o

p<0.001) &

=0.790,

Pog_y (r
B_3D(r=-0.423, p<0.001),

Ack(z™d 7).

p<0.001),

Pog 3D (r=-0.627, p<0.001)=

~

7
X
g

i

WS} (T2-T0) 2

T2 AAZ TO A4 2

p<0.001) &=
0.05), Pog_y(r=-0.34, p<0.001), B_z(r=-0.30, p

=0.397,

Pog_3D(r

0.01),

B_y(r=-0.231, p

X 7).

BRATG(2Y 8, 9,

=
=

Pog_z(r=-0.36, p<0.001) & <29 A+344

23



B perpengicutar ling

‘ B point

Pogenion

N perpendicular iine

B4 e

A, C:T1; B, D: T2



Spearman Correlation Coefficient

0.8

0.6

04

0.2

0.0

p=0.00

Bl Thickness (4T1-TO)
p=0.00 Thickness (4T2-T1)
p=0.27
p=0.41 o2
p=0.78
- p=0.99 p=0.93 p=0.93 p=0.90
—
e .
p=0.00
p=0.00
B_x B_y B_z B_3D Pog_x Pog_y Pog_z Pog_3D
obx AA % Wy W] A It Pearson F¥tA 1 E



K
ﬂ
o
o
12
i
2

A & Wstg W A 7 Pearson ¥

S|
as

AT1-TO AT2-T1 AT2-TO

Mean+SD (mm) 6.69+2.39 -1.51+0.9 5.16+2.57

Correlation Correlation Correlation

coefficient D coefficient D coefficient D

() () 69)

B_x 0.098 0.41 0.002 0.99 0.109 0.37
B_y —-0.011 0.93 0.658 <0.001+* —-0.231 0.05%
B_z -0.294 0.01= -0.01 0.93 —0.30 0.01=*
Pog_x 0.131 0.27 0.078 0.52 0.164 0.17
Pog_y 0.033 0.78 0.790 <0.001+* -0.34 <0.001+*
Pog_z -0.273 0.02+# —-0.124 0.30 —0.36 <0.001+*
B_3D —-0.015 0.90 —-0.423 <0.001% 0.186 0.12
Pog_3D —-0.133 0.27 —-0.627 <0.001+* 0.397 <0.001+*
SD; standard deviation, *p<0.05
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Variable B D R?
TMW (T1-T0) B_y -0.129 <0.001 0.022
Pog_y 0.321 <0.001 0.008
B_3D 0.088 0.010 0.020
Pog_3D 0.136 <0.001 0.022
TMW(T2-T1) B_y 0.292 <0.001 0.392
Pog_y 0.312 <0.001 0.360
B_3D —0.202 <0.001 0.366
Pog_3D —0.304 <0.001 0.463
TWM(T2-T0) B_y -0.162 <0.001 0.168
Pog_y —0.168 <0.001 0.087
B_3D 0.114 <0.001 0.098
Pog_3D 0.169 <0.001 0.142

TMW; Total mandible width
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Spearman's o

(rho) p
B_x —0.082 0.49
B_y -0.321 0.006*
B_z 0.059 0.62
Pog_x —0.028 0.81
Pog_y —-0.219 0.06
Pog z 0.166 0.16
B_3D 0.290 0.01+
Pog_3D 0.214 0.07

*p<0.05
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7+ Spearman AtgE-A]

Spearman's o

(rho) p
B_x 0.119 0.32
B_y -0.212 0.07
B_z 0.103 0.39
Pog_x 0.110 0.36
Pog_y —0.148 0.22
Pog z 0.206 0.08
B_3D 0.172 0.15
Pog_3D 0.257 0.03+

*p<0.05
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N

ARow Folust AAAAZ vty Hudri(Jung et al. 2013). B AT
Azl wEd & F 19, 1d4 293 CBCTE 3x9#o=z nmuss o,
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Abstract

Analysis of Correlating Factors Affecting Three-Dimensional
Positional Changes of the Distal Segment After Intraoral

Vertical Ramus Osteotomy

Euijune Chang

Department of Dental science
The Graduate School, Yonser University

(Directed by Professor Young—-Soo Jung, D.D.S., Ph.D.)

This retrospective study analyzed the factors influencing three-dimensional
positional changes of the distal mandibular segment following intraoral
vertical ramus osteotomy (IVRO) in 90 patients with skeletal Class III
malocclusion. Preoperative, 1-month postoperative, and 1-year postoperative
CBCT (Cone Beam Computed Tomography) scans were reconstructed into 3D
images using Invivo software, and positional changes were quantified by
tracking the coordinate shifts of defined anatomical landmarks. The degree
and direction of distal segment movement were evaluated using these 3D

measurement. Correlation analyses were performed between distal segment
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displacement, various anatomical and surgical parameters, including ramus
thickness at superior, middle, and inferior levels, change in total mandibular
width and the horizontal/vertical mandibular movement distance.

The following conclusions were drawn:

1. The mean thickness of the mandibular ramus at the superior, middle, and
inferior levels showed no statistically significant correlation with distal
segment displacement after IVRO.

2. Changes in total mandibular width between preoperative, 1-month
postoperative, and 1-year postoperative time points were significantly
correlated with anterior/posterior displacement of the distal segment.

3. The amount of posterior setback of the distal segment was significantly
correlated with its anterior displacement at 1-year follow-up.

4. The amount of mandibular vertical movement of the distal segment was

significantly correlated with its superior displacement at 1-year follow-up.

These findings suggest that the three-dimensional displacement of the distal
mandibular segment after IVRO is more closely correlated with total
mandibular width change, the amount of surgical mandibular movement and
the postoperative spatial relationship between the proximal and distal
segments, rather than the thickness of ramus itself. This study provides
clinically meaningful insights that may aid in surgical planning and prediction

of mandibular stability following IVRO-based orthognathic surgery.

Key words @ Intraoral vertical ramus osteotomy(IVRO), Mandibular ramus

thickness, Segmental interference, Three-dimensional analysis
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