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2. A4

1) 3—dimensional analysis
= T ME(TD), &+ ¥ 19 (T2l #3 CBCT (Alphar

A(TO),

A. 3D image? 84
T = T
—d3030, Asahi Roentgen Inc., Kyoto, Japan) 9474 AFE3sH%th CBCTE =&
2 17%, 80kVp, bmA Z7 2% C mode (field of view 20x17.9cm) oA 54

g AeolA F9 =k CBCT A7 dHolEl:= DICOM image® ¥W$H3lo] OnDe
—mand software (CyberMed Inc., Seoul, Korea)Z ©]€3}°] 3D image® A7

B. 3D image?] &%
k=3

ML (T, F=

3.
OnDemand software® 043k & Al W7l 9l FAAZ 7lFez +
19(T2)% 3D imageEs =H3stY

= AT, ¥+ F

t}. (Fig 1.)

Figure 1. Superimposition of 3D CBCT images using cranial base structures in OnDemand

software. Yellow box indicates superimposition area
4



C. 7% %49 2%

Nasion(N) 2  zero point(0,0,0) 2 A&}
reference plane)< nasions A/ }WA Frankfort 3w (9F
poriong Althi= FHH)o] HsYsk FHHoz FFlom
reference plane) < Frankfort #o| & 3PH A nasion¥ oF

= orbitale?]

e Avks E3d, 3

T3 7]+ ¥ W (Horizontal

>,
o
)
N
)
6%
~~~
wn
o)
0Q
=
=
=2

==

5

, BA71= 3 (Coronal reference plane) & nasions Aubd

A w71 RS ARTIE B FAd gror dAsld (Fig. 2)

T~

Figure 2. Coordinate system and zero point (Nasion).

X axis: (+) Left, (-) Right; Y axis: (+) Posterior, (-) Anterior; Z axis: (+) Superior, (-) Inferior



D. A&7 A% AS F2

1 A5A (Fig. 3)
(D S(Sella): The center of the pituitary fossa of the sphenoid bone

@ N(Nasion): The junction of the frontal nasal suture at the most posterior on the
curve at the bridge of the nose

@ Or(Orbitale) Rt.& Lt.: The lowest point in the inferior margin of the orbit

@ Po (Porion) Rt.& Lt.: The point located at the most superior point of the external
auditory meatus

® ANS(Anterior nasal spine): The tip of the bony anterior nasal spine in the
median plane

® A point: The point of the greatest concavity on the anterior border of the maxilla

(@ PNS (Posterior nasal spine): The process formed by united projecting ends of
the posterior borders of the palatal process of the palatal bone

B point: The point of the greatest concavity on the anterior border of the
symphysis

© Pog(Pogonion): The most anterior point on the contour of the symphysis
Me (Menton): The most inferior point on the symphyseal outline

@ Mf(Mental foramen) Rt.&Lt.: The most anterior point of the mental foramen

@ Ag(Antegonial notch) Rt.&Lt.:The highest point of the notch or concavity of the
lower border of the ramus where it joins the body of the mandible

@ M Ul: : The midpoint of the incisal tips of the anterior maxillary central incisor

M L1: The midpoint of the incisal tips of the anterior mandibular central incisors

@® R U6: The central fossa of the upper right first molar

L U6: The central fossa of the upper left first molar

@ R L6: The central fossa of the lower right first molar

L L6: The central fossa of the lower left first molar



Figure 3. Hard tissue landmarks (A) frontal view (B) oblique view



2) 574 3%
D 24 AZR 3FAHA 94

(a) Maxilla

@ A point(x,y,z) ® ANS(x,vy,z) (© PNS(x, vy, z)
(b) Mandible

@ B point(x,y,z) ® Pog(x,y, 2) © Mf[Rt, Lt) (x,v, 2)
@ Ag(Rt, Lt) (x, v, 2)
@ 4= AF F&
(a) Palatal plane angle (°) : Angle between FH plane and Palatal plane (ANS
—PNS)

(b) Mandibular plane angle(®): Angle between FH plane and mandibular
plane (Midpoint of the right and left Ag—Me)

(c) Maxillary occlusal plane angle(®): Angle between FH plane and
maxillary occlusal plane (Midpoint of the R U6 and L U6—M U1)

(d) Mandibular occlusal plane angle (°): Angle between FH plane and mandi

—bular occlusal plane Midpoint of the R L6 and L L6—M L1)

2) 2—dimensional analysis
CBCTol A %3 lateral cephalogram= ©]-83to] th39 &S A58t
@ SNA(9)
@ SNB(°)
@ ANB(°)
@ U1 to SN(°)
© IMPA (°)
® Overjet(mm)
(@ Overbite(mm)



ASAY £4 3 A

3D imaged AF W XS FUI FARAFe] o8] o] FoFLh A WA AS
27 ¥ Ee ASsH= ASAsalon paired t-test: AP Ay £ AR
ASA s atol7b gldth A58 AEE2 SPSS 21.0 ZEIIH(SPSS

Inc., Ilinois, USA)S& °]§3to] B4 Agsiion A4 AFES Ads A

O BAAQ otud £EFCS)H AFETEHY 4% A(T0) A=A

B] 17 (independent t test)

@ = A(TO-T1) =74 AS5HY ols= dst Foxk AH (paired t
test) 2 F FF o]F= ol tht 522 A4 (independent t test)

® = ANTO-TD =74 %

’ A Bl Aok A5 g5 wisire] did ol
A7 (paired t test) ¥ F

1C2
270 A5 Aol the 7913 417 (indepe

—ndent t test)

@ = F(T1-T2) =74 ASHY o= st Foxk AH (paired t
test) 2 F FF o]F= ol thet 22 A4 (independent t test)

® F= —?‘(Tl—TZ) =2 z¥ B-l f(]O}— 7:]]% 63—%. ‘iﬂﬁ‘ Oﬂ q}@_ ‘rOT-O/]i}‘

)
g R
A7 (paired t test) W F 3+ W3}=F 2olo st F-2x A4 (indepe

—ndent t test)



III. 9+ A3

Q wH F&F(CO)F AFe(SF) Y <= HA(T0) A

=29 H]%.(Table 1)

-

3D CBCTolA] %3 lateral cephalogram= ©]£38to] F oA =49

i

2 g A ASA e A FoAE FAsdth. Wits, IMPAS A €]sh t& A=

Ao A 23l o Afol= sl

Table 1. Subject characteristics

CS group(n=12) SF group(n=14)

Mean S.D. Mean S.D. P
Subject characteristics

SNA (°) 79.58 2.97 81.32 3.69 NS
SNB () 81.80 4.09 84.74 4.66 NS
ANB (°) -2.20 2.07 -3.43 1.98 NS
Wits (mm) -9.60 3.30 -13.17 3.99 *
SN-GoMe (°) 37.05 7.43 34.04 7.51 NS
FMA (°) 28.61 6.65 27.00 5.61 NS
Ul to SN (°) 108.13 6.48 113.12 6.13 NS
IMPA (°) 89.90 5.79 82.46 5.37 **
Overjet(mm) -3.38 4.15 -3.25 2.85 NS
Overbite(mm) 0.46 2.13 0.38 1.36 NS

*P<0.05, **P<0.01, ***P<0.001, NS, not significant by independent t test,

10
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Table 2. Comparison of the amount of surgical movement of maxilla and mandible(T0-T1)

CS group(n=12)

SF group(n=14)

Mean S.D. Py Mean S.D. Py P
Anteroposterior movement(mm)(A\y)
Maxilla A point 0.25 1.03 NS -0.27 0.78 NS NS
ANS 0.08 0.78 NS 0.01 1.22 NS NS
PNS -1.28 141 ** -2.08  1.02  *** NS
Mandible B point 11.26 5.16 *rx 12,12  4.87  *** NS
Pog 10.04 599 ok 13.00 5.02  *** NS
Mf(Rt) 1145 511 *rx 12.75  5.00  *** NS
MIf(Lt) 11.01 5.4l *rx 11.96 528  *** NS
Ag(Rt) 10.05 4.93 *rx 11.92 397  *** NS
Ag(Lt) 9.19 525 *rx 10.63  3.68  *** NS
Vertical movement(mm) (A\z)
Maxilla A point 0.69 2.24 NS 0.50 1.90 NS NS
ANS 0.13  1.72 NS 0.08 1.95 NS NS
PNS 567 1.02 e 536  2.04  x** NS
Mandible B point 1.48  2.57 NS 1.09 397 NS NS
Pog 325z 3102 *H 292  4.01  F** NS
MAf(Rt) 445 2.30 - 3.66  2.82  ¥** NS
MA£(Lt) 3.86 2.54 iy 3.14 224 xx% NS
Ag(Rt) 11885 2127 b 11.01  1.88  *** NS
Ag(Lt) 10.19 3.24 *rx 9.59  2.18  HF** NS
Transverse movement(mm)(AXx)
Maxilla A point 048 0.57 NS 0.63 0.77 NS NS
ANS 049 0.52 NS 0.67 0.76 NS NS
PNS 0.61 0.49 NS 0.51 048 NS NS
Mandible B point 2.15 1.58 * 2.20 1.34 * NS
Pog 249 194 * 2.45 1.64 * NS
MAf(Rt) 1.73  1.69 * 1.87 1.10 * NS
MA£(Lt) 2.05 1.39 * 2.15 .12 ** NS
Ag(Rt) 1.63 145 NS 1.52 1.28 NS NS
Ag(Lt) 142 1.17 NS 1.85 1.46 NS NS

*P<0.05, **P<0.01, ***P<0.001, NS, not significant by paried t test,

1P<0.05, ++P<0.01, ++1P<0.001, NS, not significant by independent t test,

12



3. &€ Al(TO-T1) =3 Z= 4 Xo} AZF & W3Fof st &
oxF AR 2 F F7+ HsF Aol i {2} H A (Table 3)
TO Al71ol F o4 SNA, SNB, ANB, palatal plane angle, mandibular plane

angle, maxillary occlusal plane angle, mandibular occlusal plane angle, Ul to

SN, 0J, OBell #2Jgt zto]= gllem, IMPAE /23t o] & Hel=d &%

)

A oud FEIT(CS A FelatAl o & IMPA #s Bth T1 Al7]el + &
o4 SNA, SNB, ANB gkell= #2g Apo]7h glglor, Aot AS &5 & 0J2
AeEd(SPAM FoaA | A4 Yebgal IMPA, OB 434 otud
=T (CONAM ¥ AA veRgth TO T1 Afe]l WSS vl Al F & B
Al SNASF ANBS =7k, SNBY 45 XM O palatal plane angle,
mandibular plane angle, maxillary occlusal plane angle, mandibular occlusal
plane angle?] F7Hg YEbdth F & B4 Ul to SN Zt=9] 74 2 0J9)

7 woled, 1 Wskdel T 23 fo@ Aot gtk

13



Table 3. Comparison of the change of skeletal and dental variables during surgery(T0-T1)

T1 T1-TO
Variables CS group SF group CS group SF group CS group SF group
(n=12) (n=14) (n=12) (n=14) (n=12) (n=14)
Mean  S.D. Mean S.D. Pi Mean S.D. Mean S.D. P{ Mean. S.D. p* Mean S.D. P P}
SNA(®) 79.58 297 81.32 369 NS 81.49 4.17 8236 4.17 NS 191 255 * 1.04 177 * NS
SNB(°) 81.80  4.09 84.74 466 NS 7631 4.47 7826 436 NS -549 237 *** 647 249 *# NS
ANB(°) -2.20 2.07 -3.43 198 NS 518 1.52 410 1.58 NS 7.37 2.62 *** 753 207 *** NS
Palatal plane angle(°) 2.17 1.39 3.03 221 NS 8.02 427 784 477 NS 641 3.18 *** 565 448 ** NS
Mandibular plane angle(°) 29.84 745 27.56 6.61 NS 3694 586 34.89 492 NS 7.03 3.53 *** 689 374 *** NS
Maxilloaryocclusalplane 9.33 4.22 8.06 323 NS 1885 542 16.54 5.62 NS 940 3.04 *** 878 3.94 *** NS
;/Illjli::i(iob)ularocclusalplane 6.91 4.48 5.70 6.08 NS 1241 4.81 12.28 4.65 NS 550 3.81  ** 586 434 *% NS
angle
Ulgto(S)N(°) 108.13  6.48 113.12 6.13 NS 103.04 6.97 10436 6.95 NS -5.09 4.85  ** -8.76 3.64 *** NS
IMPA(®) 89.90 579 82.46 5.37 T 90.05 4.85 8239 495 f 0.15 213 NS -0.07 1.19 NS NS
OJ(mm) -3.38 4.15 -3.25 285 NS 263 061 499 255 F 6.08 4.03 ** 8.24 353 & NS
OB(mm) 0.46 2.13 0.38 136 NS 149 0.60 004 1.64 + 103 231 NS -034 222 NS NS

*P<0.05, **P<0.01, ***P<0.001, NS, not significant by paried t test,

1P<0.05, ++P<0.01, ++1P<0.001, NS, not significant by independent t test,

14
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Table 4. Comparison of the amount of post-surgical change of maxilla and mandible(T1-T2)

CS group(n=12)

SF group(n=14)

Mean S.D. p* Mean S.D. p* Pt
Anteroposterior movement(mm)(A\y)
Maxilla A point 0.26 0.45 NS 0.25 0.62 NS NS
ANS 0.78 0.62 ** 0.84 1.02 ** NS
PNS 0.14 0.66 NS -0.06  0.51 NS NS
Mandible B point -1.75 1.41 *ox -1.70 1.74 *ox NS
Pog -1.59 1.42 ** -1.66  2.09 ** NS
MIf(Rt) -1.78 1.35 ** -1.78  2.01 ** NS
MAf(Lt) -1.71 1.47 *ox -1.78 1.73 ** NS
Ag(Rt) -2.38 1.62 *rx -2.73  2.00 *rx NS
Ag(Lt) -2.35 1.55 *rx -2.81 1.69 *rx NS
Vertical movement(mm)(Az)
Maxilla A point 0.65 0.83 * 0.36 1.18 NS NS
ANS 0.59 0.91 NS 0.29 0.93 NS NS
PNS -0.59  0.78 NS -045  0.71 ** NS
Mandible B point 0.83 1.55 NS 1.79 1.52 * T
Pog 0.13 1.67 NS 1.48 0.99 * i)
MIf(Rt) 0.23 1.08 NS 1.13 0.78 * i)
MAf(Lt) 0.20 1.18 NS 1.54 0.92 o Tt
Ag(Rt) -0.35 1.43 NS -0.33  0.93 NS NS
Ag(Lt) -0.80  1.58 NS -0.24 1.74 NS NS
Transverse movement(mm)(AXx)
Maxilla A point 0.29 0.32 NS 0.27 0.30 NS NS
ANS 0.48 0.30 NS 0.23 0.27 NS NS
PNS 0.33 0.26 NS 0.26 0.25 NS NS
Mandible B point 0.56 0.54 NS 0.65 0.61 NS NS
Pog 0.40 0.26 NS 0.80 0.63 NS NS
MIf(Rt) 0.53 0.38 NS 0.86 0.93 NS NS
MI(Lt) 0.48 0.29 NS 0.95 0.77 NS NS
Ag(Rt) 0.44 0.27 NS 0.89 0.75 NS NS
Ag(Lt) 0.93 0.62 NS 1.11 0.68 NS NS

*P<0.05, **P<0.01, ***P<0.001, NS, not significant by paried t test,

1P<0.05, ++P<0.01, ++1P<0.001, NS, not significant by independent t test,
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5. #% F(T1-T2) 23 2% 2 Ao} AS F= Ashy] e +

i A4 2 T 2 AskE Aolo] th& §23 A3 (Table 5)

T2 Al7]o 5 +7F SNA, SNB, ANB, palatal plane angle, mandibular plane
angle, maxillary occlusal plane angle, mandibular occlusal plane angle, Ul to
SN, 0J, OB F2J3t 2P0l & wolx| ¢kgrom, IMPAx E44Ql tud e
(CO A AF=a(SF) ol vlsl FostAl o & Z=F ekt T13 T2 Apol
Watgs vwA £ o o)A SNBO 7k ANBO #AaE vehdled, I
Haleko] &= 7 593 ¢lltl. Mandibular plane angle, maxillary occlusal
plane angle, mandibular occlusal plane angle F+ +# EFolA #4531
palatal plane angle< 23t W3S Ho|x| Uit} AFEF+(SPH)oAAE &%

¥ IMPAZF S7ketl ot 349l duy s (CS) M= sk, A

Hy

T(SPellA 0J2 3Hasta OB S7hsksitt
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Table 5. Comparison of the change of skeletal and dental variables during post-op period(T1-T2)

T1 T2 T2-T1
Variables CS group SF group CS group SF group CS group SF group
(n=12) (n=14) (n=12) (n=14) (n=12) (n=14)

Mean S.D. Mean S.D. Pt Mean S.D. Mean S.D. Pt  Mean. S.D. P* Mean S.D. P* Pt
SNA(®) 81.49 4.17 8236 4.17 NS 81.22 422 8210 430 NS -0.15 038 NS -0.26 0.57 * NS
SNB(°) 7631 447 7826 436 NS 7730 442 79.15 416 NS 098 072 * 076 0.99 *ok NS
ANB(°) 518 1.52 410 158 NS 401 1.15 3.00 1.66 NS -1.16 0.82 ** -1.10 0.89 *k% NS
Palatal plane angle(°) 8.02 427 784 477 NS 669 420 724 390 NS -0.8 1.08 NS -0.69 1.03 NS NS
Mandibular plane angle(°) 3694 586 3489 492 NS 3573 566 3411 519 NS -1.29 143 ** 071 1.25 * NS
gfl“;’l‘;'('j‘)r y occlusal plane 18.85 542 1654 562 NS 1710 421 1630 414 NS -1.56 162 * -0.13 2.8  * NS
Mandibular occlusal plane * s
angle(®) 1241 4.81 1228 4.65 NS 11.09 4.04 1006 4.16 NS -1.52 2.05 -2.37 251 NS
Ul to SN(°) 103.04 6.97 10436 695 NS 10135 5.55 101.87 451 NS -1.68 321 NS -250 547 NS NS
IMPA(°) 90.05 4.85 8239 495 i 88.81 4.45 8491 4.20 i -1.25 147 * 252 3.68 * i
0J(mm) 2.63 0.61 499 255 i 270 0.69 291 0.69 NS 0.08 063 NS -2.08 2.80 * i
OB(mm) 149 0.60 0.04 1.64 T 1.90 053 1.60 038 NS 041 068 NS 1.56 1.72 ok T

*P<0.05, **P<0.01, ***P<0.001, NS, not significant by paried t test,
1P<0.05 , +1P<0.01, ++#P<0.001, NS, not significant by independent t test
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A. F&° g3 W3 (T0-T1)

ol e A(T0) =4 B AoHASAE wluskels u, Witse} IMPAE
Aglst thE ASA A Folst Aol vEREA] kokth BAAR] otwd FET
(CS oMM =d wgA skt Axo drgo] dojwt7] wiel] A% (SF)ol
s o & IMPA #= Rlom Witsgte 29 n@gwe] Zxe og3ks o
BE fAFsE SNA, SNB, ANB #hell= E38ta 7 oA zpolE Btk F+
MM & A(TO-TLD) Astetz ASH L 3aAARI o] 5&FS sl o
o ol glolem, F o+ EFolA PNSS impaction ¥ dhelEe] b ml

POl B BEG & ANtk WA AF A stere] widiFel Y

rr
]
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A skA] 29k7] Wl 4% Al 3t B point, Pog, & MfolA #2938 =
3 o)Fo] yebwth Aot AE ASHNAM Fd H9F olFo] YERtA

Aoy IFHA AFSHEES SASIA ZS7] wliEel yaw control, canting

TO, T1 Al71e] =47% ASAE vl Al F #3F Fos 2ol ¢l
TO-T1 Ateo] W3t vlw A F o EFolA SNBO 749 ANBO 7= v
EfWlom 7 W3] F #7F F9% Aol= ¢l Th palatal plane angle,
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B. & 9 W3l(T1-T2)

=R ASFA W FE Al oz o) fo% Aolrt gllonE
T F doju ofx 9 Aot WEE & A7) zbole] ost ZoR A
T Utk FE F AstetE ASHY olFHEE v Al 7o EFelA ANS,
B point, Pog, 45 Mf, 45 Age st dWolss Hewllon A9For+s
T ols& YERA sttt £F olF @] vlaw A AFET(SF)OlA B
point, Pog, &5 Mf9] o]z o]l Uetton Bf 444 duy =7 (CS)
of vlal] oA & 4 olsS Hith
steba e Aol IVROZ ot &S Algste] bgAdel dis] #7tst
oAy =EeolA st Jro =% =2 WstE Bk Greebe(Greebe

5 1982) 52 4% 1d% B pointollA] 0.8mm, PogollAd 1.2mme oS

off

B33kl om Jung(Jung &, 2013) 52 % 1 § Pog®l 0.8mm2| Fo]
4 1.3mme] olsg Haskgith Wk Abeltins (Abeltins 5, 2011)%6<
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S e A5 £ 1d F B pointollA 1.2mme AHols 2 1.1mm2

Abol =& B 1359 2™ Yoshioka (Yoshioka %, 2008) %<& 4<% 1 & Pogd
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0.23mme] HAWols % 0.48mme| “J¥olsS Rt Nihara(Nihara -5,
2013) ¢} Lee(Lee %5, 2011) %2 IVRO &AM $% F w73, 4r|zHoz
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o= thekst AE ®H =, Ko(Ko 5, 2011) 58 AfsdtoA skt

|
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Abstract

Evaluation of postsurgical skeletal and dental change
depending on timing of surgery

in skeletal Class III patients using CBCT

Hye-Rim Ann

Department of Dentistry
The Graduate School, Yonsei University

(Directed by Professor Hyoung—Seon Baik, D.D.S., Ph.D.)

“Surgery first approach(SF)” is currently used especially in skeletal Class
Il patients, because SF approach has several advantages including immediate
improvement of facial profile, minimum presurgical orthodontic treatment and
reduced treatment time. However, it has difficulty in precisely predicting
surgical result due to unstable surgical occlusion. Therefore it is important to
evaluate postsurgical skeletal and dental changes in SF patients. The purpose
of this study was to evaluate postsurgical skeletal and dental change of SF

patients comparable to conventional orthognathic surgery(CS) patients.
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The subjects consisted of 26 adult patients with skeletal Class I
malocclusion who underwent bimaxillary orthognathic surgery(Maxilla: Le-
Fort I osteotomy, Mandible: Bilateral intraoral vertical ramus osteotomy, B-
IVRO). Patients were allocated into surgery first(SF) group(n=14, including
subjects with presurgical orthodontic treatment shorter than 3 months) and
conventional orthognathic surgery(CS) group(n=12, including subjects who
underwent orthognathic surgery after conventional presurgical orthodontic

treatment).

The amount of movement of maxillary and mandibular skeletal landmarks
and changes of skeletal and dental variables during surgery(T0-T1) and after
surgery(T1-T2) was evaluated using CBCT taken at before surgery (TO), 1

month after surgery(T1), 1 year after surgery(T2).

1. During postsurgical period(T1-T2), there were significant anterior
movement of B point, Pog, both mental foramen(p<0.05) and both
antegonial notch(p<0.01) and there were no significant differences between

two groups.

2. During postsurgical period(T1-T2), there were no significant transverse

movement of maxillary and mandibular landmarks in both groups.
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3. During postsurgical period(T1-T2), there were significant superior
movement of B point, Pog, right mental foramen(p<0.05) and left mental
foramen(p<0.01) in SF groups and the amounts of movement were

significantly greater than CS group(p<0.05).

4. In a comparison of skeletal and dental variable changes during postsurgical
period(T1-T2), there were significant differences in overjet, overbite and
IMPA(p<0.05) between two groups. In SF group, overjet was decreased and
IMPA was increased whereas overjet was increased and IMPA was
decreased in CS group. Overbite was significantly increased in SF group

and the amount of change was significantly greater than CS group.

5. At one year after surgery(T2), there were no significant differences in
skeletal and dental variables between two groups, except IMPA which was

significantly greater in CS group. (P<0.05)

Keywords: Surgery—first, skeletal Class III malocclusion, CBCT, IVRO
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