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5. IR AelA FAF FAY 2 Folgek gt T AR
FAAAE BYoY FAHOE FolulstA] & thp>0.05).

nUAReE I 9ol wet Ade o] sA4ds w28 7 ATk wet
A AFAFE o] &3 A FolES AT u= 7 Aloj e B A E-J
AAE 24T a7t Aok & AT = lateral cephalogram™ model 45
o] gato] mYAaFe Ao WE A5 adnE vlwsiglon, sket X] d 5
Wolsa Ashs AlojieA Zh AY F9 HE oud Wyt s A 9
o= v =%el 2 F s Aot




AU AAF e AR Iy FAuE @249 vlged A me AEE
fEodls =gt dudy FEET A5V s dd AR AaRE
FHolEes Fd HFsdor wy AR ThsExl

d so® Q3 FEs 7Hse el A o
I =9 tH(Jing et al., 2013; Seo et al., 2023). 3}A] T+
A5t wd3 AHE e AL ofy7]

e Az ADL AFE Aol Fasth

=
Mebe 2352 498 & Ut @e 3l
&

Aporz e 5 A st
TNEE 748 St ws) sF-8A Aol Au, AdF AY A Tk 2
A S A& F AH(Kravitz and Kusnoto, 2007; Lim et al., 2009). ©] & ©]-&-3}¢]
Ao ARAoR s Trste W] BY oiYdl AOFE nFAOE
o] &gt 7|7-E AlAste] vhekst Mo XEE ol FAA 4 ATH(Beyling et
al,, 2021; Lee et al, 2018). Wk, st 3o EAZ g HFo= 7|4
z#ol oY, YHoE= *W o] ?6&48}1 o A5 ~aF 9ol

Akt wepxs HJS5 interradlcular area (IR)E ©]&3FA} buccal shelf, retro-
molar pad (RMP)®} &2 U& FX2ES ]%—3}1 oF %} (Elshebiny et al., 2018;
Nucera et al., 2019).

= < o
A4 AAbeE 2 FAEE dod ; AUtk stot AA L AL opr]d
U H ool ket Ade AT AaFe A wE de] wEF 1t
A BAlo] 9] 3 (Chae et al., 2019; Park et al., 2020). =3k, 3zl =
29 A5 A, A 9D AidTAY] FAH F7F BauEglon, o
At A P27t dojd 4= tH(Ohetal, 2011; Song et al., 2022).

QJ

wetHel A HES wl ste} XLE°] line of actions posterior occlusal
line((POL)¥} AA|sl=t], = IR 2He 3 FWols Al POLEY g5Co =
o] 7hafiA 7] wioll stetwel 4 9 A#e {5 Eeart Idd
ATt SFAINE RMPoll AAFE A HE Al POLY A WEko = 315 7he
T A7) W&o o]gld RALS =Y 5 vt & thKook et al., 2016).
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wAgle] A g Ak FAe arskE o] 9l TtH(Yeon et al., 2022).
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22.1. 237 AY 9 $ols W
2.2.1.1. IR A YT

Y= 3AFe] thdl 0.022-inch slot preadjusted bracket (Tomy, Tokyo, Japan)=
Abgsl o, A2aTAeh A2 Abo] 5 A xzol wUAIF (7 mm
length and 1.6 mm diameter; Ortholution, Seoul, Korea)E 2] § 3} t}. kel x| 4 9
Stolm&  fsl Qlolofo bz hookﬂr uUAFFE  elastic chain® =
Adste] HS5e| oF 200g2] o] 7tEAEF kGt FWols Al FIAL
0.017 %X 0.025-inch stainless steel 2}o]o] & o] & O}Mﬁr (Figures 1,2).

2.2.1.2. RMP A3+

TUAREY A oA AaFE A d2= R AHTY 5Y

9] bracket ¥ L3 FALS] AFF (9 mm length and 1.8 mm diameter
ARESESTE RMP 9] Soll AdARE AHeR o, AAR/7E 22
s dnjste] AAFel ligature wires A ZeIQIth $18F wdS WO
hook ¢} ligature wires AZAAA A LS FHolF SFATEH (Figures 1,2).

AMddsn Aagsgd Adwgelr A8 FA= 0.018-inch slot
preadjusted bracket (Tomy, Tokyo, Japan)< AF-&38F3 0w -2 Qx| AAF (8
mm length and 1.5 mm diameter; Biomaterials Korea Inc, Seoul, Korea)& 2] 3} 31 T}
Elastic chain =+ closed coil spring= ©]-83}%] "]y~ 7F9} hooks AZAA
FHolss dst o, TolEs Al T34 0.016X0.022-inch stainless steel
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Figure 1. Distalization method: A, IR miniscrew; B, RMP miniscrew; C, RMP miniscrew
placement site (yellow circle)
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Figure 2. The schematic drawing of the mandible distalization: A, IR miniscrew; B, RMP
miniscrew; C, Occlusal view and force vector (Red arrow: IR; Blue arrow: RMP)



2.2.2. Cephalogram -4

AT A(To) 2 F= AT lateral cephalogram

o
]
o
ol
2
o
=
<

ceph program (Osstem Inc., Seoul, Korea)s ©|&3lo] #4& Al BE
lateral cephalogram-> 3t 2] Al z}el| o]l 4] ¢t

=4 3 Az

ek B4 A8 1) 3ES, A4 ws 2AL dl9)
| =]

1070 55 A5k Aok 84 ols +4<5 #3 Nasions #HH

Frankfort horizontal

(FH) line®ll t©iall 42?0 N-perpendicular line (NP)<
T

7o w2 A th(McNamara Jr, 1984). %3k, mandibular plane (MP)S
a]
=~

Vo w 3o

afot A ofg]

1%/ WE W R, £AH oEl

o
33,

=293} T}, Lateral cephalogram®] 7 5374 4 7] st A 2] 9} (Tables I,

|

D AR 2 AE AL e 2

(Figures 3, 4).

Table L. Description of cephalometric landmarks

Landmarks Definition

Sella (S) The center of the sella turcica

Nasion (N) The most anterior point of the fronto-nasal suture
Porion (Po) The most superior point of the external auditory meatus
Orbitale (Or) The most inferior point of the orbit

Articulare (Ar)

A point
B point
Menton (Me)

Gonion (Go)

Pronasale (Pn)
Soft tissue
pogonion (Pog’)
Upper lip (UI)
Lower lip (L)

The point at the junction of the posterior border of the ramus and the
inferior border of the posterior cranial base

The inner-most point of the outer contour of the maxilla

The inner-most point of the outer contour of the mandibular symphysis
The most inferior point of the mandibular symphysis

The constructed point at the intersection of the lines tangent to the posterior
border of the ramus and to the lower border of the mandible

The most anterior point of the tip of the nose

The most anterior point of the chin

The most anterior point of the upper lip
The most anterior point of the lower lip




Table II. Description of cephalometric reference lines

Reference lines Definition
SN plane (SN) The line passing through sella and nasion
FH plane The line passing through porion and orbitale
The line passing through the midpoint of the maxillary and
Occlusal plane (OP) mandible incisor edge and the midpoint of the maxillary and
mandible first molar distobuccal cusp tip
Mandibular plane (MP) The line passing through gonion and menton
N-perpendicular line (NP) The line perpendicular to FH plane and passing through nasion
Ricketts’ E line (EL) The line passing through pronasale and soft tissue pogonion

Anterior facial height (AFH)  The distance from sella to gonion
Posterior facial height (PFH)  The distance from nasion to menton

SN plane

Mandibular plane

Figure 3. Cephalometric skeletal and soft tissue measurements: Angular measurements
(°); 1, SNA; 2, SNB; 3, ANB; 4, Occlusal plane angle (SN-OP); 5, Mandibular plane angle
(SN-MP); Linear measurements (mm); 6, Wits appraisal; 7, NP to A point; 8, NP to B
point; 9, Ul to EL; 10, L1 to EL; 11, Facial height ratio (PFH/AFH)



Figure 4. Cephalometric dental measurements: Angular measurements (°); 1, Lower
incisor axis to MP (IMPA); 2, Lower first molar axis to MP (L6 angle); Linear
measurements-Horizontal (mm); 3, NP to lower incisor crown tip (L1C-H); 4, NP to
lower incisor root apex (L1R-H); 5, NP to lower molar crown distal end (L6C-H); 6, NP to
lower molar distal root apex (L6R-H); Linear measurements-Vertical (mm); 7, MP to
lower incisor crown tip (L1C-V); 8, MP to lower incisor root apex (L1R-V); 9, MP to lower
molar crown distal end (L6C-V); 10, MP to lower molar distal root apex (L6R-V)



2.2.3. Model ¥4

7 Az ATy D Fz AF(T) AEIE FFt Hu BEHS Geomagic
[e)

S
Control X (3D systems, Rock Hill, SC, USA)E ©]|&-3}o] #4]3}
Hel 2 Aot ZFAANS A, FES VeV A=

S Aol digt Y ol= th3¥ 2l (Table 1L, Figures 5,6).

Table III. Description of model measurements

Landmarks

Definition

ICW

(intercanine width)
IPMW
(interpremolar with)
IMW

(intermolar with)

M1 rotation
(Rotation of first molar)
M2 rotation

(Rotation of second molar)

M1 inclination
(Inclination of first molar)

Distance between the cusp tips of the right and left canines

Distance between the buccal cusp tips of the right and left
first premolars

Distance between the mesio-buccal cusp tips of the right
and left first molars

Angle between perpendicular line to the line passing
through the mesial and distal points of left and right first
molars

Angle between perpendicular line to the line passing
through the mesial and distal points of left and right second
molars

Angle between line pass through mesio-buccal & mesio-
lingual cusp tip of left and right first molars




Figure 5. Model measurements (arch expansion & molar rotation): Linear measurements
(mm); 1, ICW; 2, IPMW; 3, IMW, Angular measurements (°); 4, M1 rotation; 5, M2
rotation

Figure 6. Model measurements (molar inclination): 1, M1 inclination (°)

10



22.4. 24 &4

ol
-
_LL4

IBM SPSS statistics software (version 23; SPSS Inc., Chicago, IL, USA)% O]%
A wHe Adsgt A $EE gt gow ushh w
EA S Aldedn &5 el 2 o dleld A HAF AelE
o1& paired t testZ, T ¥ 7Fe] A& A o] W A7 &I u]ﬂ
independent t testS A| A TE Tk, st} xolo] FwpolFoFyt <
kel AAAAE E21st7] S| Pearson correlation analysiss Ak
A4 5L p<0.052 AT

ﬁwm~

;Mﬁmm
J.L4_| (e
R N

3. AT+ Ay

3.1. Cephalogram ASX] B

IR A3 RMP 21972 X8 A cephalogram 75X
NPol th&k A point®] YA (p<0.05Z A&t THE =S4 x| oA
Z}o] 7} QLS TH(p>0.05). (Table IV)

=44¢ SHs ®Hts W, 4 & A Ax A% Fov|d ¥EE
HolAl ¢Fkom(p>0.05), F « el WsE wlusle WE vl
xfo]l 5 Ho|A] LSIThHp>0.05). IR 2 H oA occlusal plane angle®] 0.90 +
1.03° 748k 2 (p<0.05), ©]i= RMP 2] T(-028 + 1.97° Yol Hld] o &
o oA o 3o FoAE HolA= 2t TH(p>0.05).

j‘:— T Bl A W oskel] $olwo] yEhwom, 53] kel F
5ol ¥ FEeFh IR N%?Oﬂ/ﬂ% 1.59 + 104 mm(p<0.01), RMP 2] ¥
= s HYoH, T 7 kY] {FYAkE HolA

=]
oo
—_
H
=
o
(O%)
‘S‘
A
=
o
(V)]
~
ok
U.’.
o
3

AAcRmE B TolA st AX e A5 AAF 9 X9 A5 AAt
7} d o W th(p<0.01). IR 21 el A] IMPA7} 6.10 +3.77° , L6 angle®] 4.72+1.97°
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M= Z47) 622+4.06° ,5.84+3.89° A AR
(p<0.01). IR 2§13} Bl ato] RMP 21 ellA] AAFE= 017, A% 17
71 O olFstd oy o 1Y A7F fFevlekA] = Sk THp>0.05).

Lok, A diste] stel A A FHo] IR AR TrellA = 232 + 1.52
mm, RMP A 3ol A= 1.87 + 1.54 mm $o]E ¥ 0™ (p<0.01), s-oF 77
238 ZH2F 2,58 £ 1.04 mm, 2.73 £ 1.36 mm(p<0.01), 3t} 2 XL 747+ 1.26
+ 1.40 mm, 1.35 + 1.08 mm(p<0.05)% Y o] 3t} A ole] =3 o]k tf
a7 o IFe] Fe Ak BolA gkkth(p>0.05).

MPol| th&te] &t} Ax TS IR AP o= 0.51+1.20mm SFYH e
U RMP A7 7ol A& 0.12+0.95mm 3 E 5 A th(p>0.05). et 73 X3 IR
Aol A 1.54+0.89 mm, RMP 2§ 7oA 098+ 1.13mm &Y Ao, G-
X2 IR Aol A 0.99+ 1.30 mm, RMP 2§ ol 4] 0.38+1.65mm & = o
IR A §lrelA skt 419 o @& glo] dojd Ao= Yyttt A4t
o e oAb ®olA] kS tk(p>0.05) (Table VI).

71—/\—5‘]_031 OUEI RMP A]Tﬁ:rhoﬂ
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Table I'V. Comparison of pretreatment (T0) cephalometric measurements between the
IR screw group and RMP screw group

IR RMP

Mean SD Mean SD p value
Skeletal & Soft tissue
SNA, ° 79.59 2.24 80.95 3.45 0.263
SNB, ° 79.68 2.17 80.57 3.86 0.493
ANB, ° -0.09 1.49 0.38 1.81 0.493
SN-OP, °© 18.78 2.27 16.68 4.40 0.156
SN-MP, ° 33.92 3.57 33.13 8.18 0.763
Wits appraisal, mm -6.40 245 -4.38 2.56 0.061
NP to A point, mm -0.93 2.37 1.23 2.43 0.038*
NP to B point, mm -1.42 3.49 1.40 5.05 0.125
Ul to EL, mm -1.87 0.88 -0.82 1.96 0.105
Ll to EL, mm 0.83 1.87 1.47 2.22 0.452
Facial height ratio 66.41 242 67.39 6.59 0.635
Dental
IMPA, ° 92.30 6.05 96.69 8.25 0.151
L6 angle, © 78.70 3.75 78.47 7.56 0.925
L1C-H, mm 5.03 291 7.62 3.91 0.079
L1R-H, mm -3.78 3.32 -1.25 4.79 0.148
L6C-H, mm -26.02 2.35 -25.13 3.40 0.465
L6R-H, mm -29.63 2.66 -27.90 3.97 0.222
L1C-V, mm 41.15 4.30 36.79 6.05 0.172
L1R-V, mm 21.44 2.99 18.90 4.29 0.173
L6C-V, mm 28.85 2.80 26.05 4.84 0.063
L6R-V, mm 13.67 2.35 12.52 3.12 0.130

Independent t test was performed; *p<0.05.
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Table V. Comparison of posttreatment (T1) cephalometric measurements between the
IR screw group and RMP screw group

IR RMP

Mean SD Mean SD
Skeletal & Soft tissue
SNA, ° 79.69 2.19 80.75 3.44
SNB, ° 79.73 2.24 80.38 3.71
ANB, ° -0.04 1.46 0.37 1.98
SN-OP, ° 17.87 2.17 16.40 3.40
SN-MP, °© 33.86 4.34 33.23 7.99
Wits appraisal, mm -5.51 2.82 -4.17 2.56
NP to A point, mm -0.91 2.21 1.38 2.70
NP to B point, mm -1.40 3.35 1.58 5.27
Ul to EL, mm -1.92 1.05 -1.25 2.03
Ll to EL, mm -0.76 1.88 0.66 1.73
Facial height ratio 66.43 3.03 67.50 5.99
Dental
IMPA, ° 86.21 6.00 90.48 9.29
L6 angle, © 73.98 3.54 72.62 6.99
L1C-H, mm 2.71 1.74 5.75 4.11
L1R-H, mm -4.13 3.14 -1.51 4.84
L6C-H, mm -28.60 2.79 -27.86 4.01
L6R-H, mm -30.89 3.53 -29.24 431
L1C-V, mm 40.64 4.27 36.91 5.99
LI1R-V, mm 21.26 3.57 18.65 3.78
L6C-V, mm 27.32 2.92 25.07 4.40
L6R-V, mm 12.68 2.58 12.14 3.31

14



Table VI. Changes in cephalometric measurements (AT) in the IR screw group and
RMP screw group

IR RMP
Mean SD p valuef  Mean SD p valuet  pvaluej

Skeletal & Soft tissue

SNA, ° -0.10  0.54  0.527 -0.19  0.54  0.239 0.193
SNB, ° -0.05 048  0.705 -0.19  0.66 0.354 0.322
ANB, ° -0.05 046  0.730 -0.01 038  0.959 0.762
SN-OP, ° -0.90 1.03  0.011% -0.28 197  0.634 0.340
SN-MP, °© -0.05 1.54  0.907 028 1.12  0.409 0.553
Wits appraisal, mm 0.89 1.51  0.067 021 094 0462 0.199
NP to A point, mm 0.02 048 0.910 0.15 042 0.245 0.475
NP to B point, mm 0.02 080 0.924 0.17 049 0.246 0.584
Ul to EL, mm -0.05 1.06 0.867 -042  0.81  0.096 0.345
Ll to EL, mm -1.59  1.04  0.000%** -0.81 093  0.012* 0.067
Facial height ratio 0.02 133 0.963 0.11 117  0.751 0.859
Dental

IMPA, ° -6.10  3.77  0.000%** -6.22  4.06  0.000** 0.940
L6 angle, © -4.72 197  0.000%** -5.84  3.89  0.000** 0.383
L1C-H, mm -2.32 1.52  0.000%* -1.87 154  0.007** 0.188
L1R-H, mm -0.35  1.06 0.275 -0.26  0.80  0.541 0.208
L6C-H, mm -2.58  1.04  0.000%** -2.73 136 0.000** 0.618
L6R-H, mm -1.26  1.40  0.010% -1.35  1.08  0.020%* 0.428
L1C-V, mm -0.51 120 0.173 0.12 095 0.675 0.173
LI1R-V, mm -0.18  1.21  0.609 -0.25 0.82  0.316 0.882
L6C-V, mm -1.54  0.89  0.000%** -0.98 1.13  0.012* 0.197
L6R-V, mm -0.99 130  0.023%* -0.38  1.65 0.440 0.328

tPaired t test was performed.

tIndependent t test was performed.
*p<0.05; **p<0.01.
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3.2. Model AZX 8B

tlo
(|

IR 2§73 RMP 279 A5 A model AISAE vl
S Aol A ol gk xo]7F Gl THp>0.05). (Table VII)

steb xdel o]y X, T ollA oty FFH HlwE st Al 7je
A&7y 25 Z71egt) o] = IPMWYL 7B & o7 Z71elgl o) IR
25l A 2,17 + 1.84 mm, RMP 2§l ol Al 1.29 +1.28 mm 7} Th(p<0.01).
ICWE IR 2"H7olA 0.70 £ 0.92 mm, RMP 234 0.71 +£ 1.10 mm
S 7HFA th(p<0.05). MW= F 7oA ZFZ; 0.20 £ 0.69 mm, 0.37 £ 1.30 mm
7oy foust HMElE HolA = &UTtHp>0.05), Edh, ICW, IPMW,
IMW Hstg 25 5 o 7he] FAE HeolA] 3k th(p>0.05).

o, 5

Aote]  Fds wluwsiEE, sket Aot ek Al2ti4tx] B distal-in
rotation®] ¥ 21TtF M1 rotation= IR 2§ 7ol A 4.02 + 4.02° S7}3Fe] #2n| st
A¥E HIJOom(p<0.01) RMP Aol vla] o @2 ddds Hloy, 1
zko] 7F e ul et A = Sk tHp>0.05). A2dlT- A= IR A §relA 3.10+£5.78°
RMP 2]®ollA 322 + 4,67 33 St} RMP oA RE F-2Ju|st w3yt
A= Ao 7 e TH(p<0.05). M1 inclinationS IR 213 ollA 1.66 + 3.33° ,
RMP Aol A 135 + 3.56° =7tste] 2o = Ee a7t wdyg Aow
T o, Z 7 delA {ond FUFE HolAlw= &3k w(p>0.05), T
% FoakE Holx] &F3th(p>0.05) (Table IX).

S

Table VII. Comparison of pretreatment (TO) model measurements between the IR
screw group and RMP screw group

IR RMP

Mean SD Mean SD p value
Dental linear (mm)
ICW 27.66 2.12 26.96 2.21 0.434
IPMW 35.40 2.49 3491 2.08 0.603
IMW 47.06 2.33 45.68 2.93 0.220
Dental angular (°)
M1 rotation 142.83 10.43 139.30 7.31 0.348
M2 rotation 153.64 9.63 147.62 6.85 0.092
M1 inclination 162.18 7.36 164.96 7.36 0.365

Independent t test was performed.
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Table VIII. Comparison of posttreatment (T1) model measurements between the IR
screw group and RMP screw group

IR RMP

Mean SD Mean SD
Dental linear (mm)
ICW 28.36 1.47 27.67 2.22
IPMW 37.57 1.57 36.19 1.83
IMW 47.26 2.18 46.06 2.20
Dental angular (°)
M1 rotation 146.85 9.72 141.67 7.76
M2 rotation 156.74 9.10 150.84 6.05
M1 inclination 163.83 7.23 166.31 8.81

Table IX. Changes in model measurements (AT) in the IR screw group and RMP
screw group

IR RMP
Mean SD p valuet  Mean SD p valuet  p valuei

Dental linear (mm)

ICW 0.70 0.92 0.023* 0.71 1.10 0.048* 0.990
IPMW 2.17 1.84 0.002** 1.29 1.28 0.005%* 0.186
IMW 0.20 0.69 0.343 0.37 1.30 0.353 0.697
Dental angular (°)

M1 rotation 4.02 4.02 0.005** 237 4.30 0.082 0.341
M2 rotation 3.10 5.78 0.090 3.22 4.67 0.036* 0.957
M1 inclination 1.66 3.33 0.113 1.35 3.56 0.215 0.829

tPaired t test was performed.
tIndependent t test was performed.
*p<0.05; **p<0.01.
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stef A4 o]l wE oy %4 WEke] AudAE dotnr] 98
atef dx "9 A A A Folsgel digk ICW, IPMW, IMW
WAsheFe] FEEAS Al IR AR elA LeC-HSH L6R-H7F IMW 9}
72470461, -0.5489] AR HYou fous #AE HolA
ok thp>0.05) (Table X). RMP AHTFolNE SAHCR Foudt #AE
Rolx] 9kth(p>0.05) (Table XI).

Table X. Correlation coefficient of arch width change to distal tooth movement in the
IR screw group

L1C-H L1R-H L6C-H L6R-H
C p value C p value C p value C p value
ICW 0.232 0.161 0.042 0.897 0.310 0.326 0.210 0.512
IPMW 0.248 0.436 -0.098 0.762 0.095 0.768 -0.013 0.967
IMW 0.193 0.547 -0.123 0.704 -0.461 0.132 -0.548 0.065

Pearson correlation analysis was performed; C: Correlation coefficient.

Table XI. Correlation coefficient of arch width change to distal tooth movement in the
RMP screw group

LI1C-H LIR-H L6C-H L6R-H
C p value C p value C p value C p value
ICW 0.131 0.685 0.207 0.518 -0.009 0.977 0.014 0.966
IPMW -0.296 0.349 -0.250 0.433 -0.062 0.848 -0.059 0.856
IMW -0.232 0.467 -0.310 0.327 -0.134 0.677 -0.300 0.342

Pearson correlation analysis was performed; C: Correlation coefficient.
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Ty AEFe] i A A I
e Elrlojel 2 e A
elastic, multiloop edgewise archwire &

A2l o)A Wi g, yAaFe] Q%
rEsta gyAoR stel AYEE
ARl olFs FHele T4
M2 2 AL SAST shef
°F 135 mm 3SI9, 25 mm o] XS dHJo et al., 2017),
3 l?-@}@, Ao o8] o] AHS E73H occlusal plane ¥ 3 3 3
484717 ofel9] shet WAL s AA o5 AW F ¢
]Q-(Chae et al., 2019; Park et al., 2017) Tk, S Fsta] A2t F5C
| g aebe] 54 wwel ebzel s, A H4 Fo
Cupeb o)ele RAEEE AHAS) Steteln 23 Ashelel
Oﬂ AUAAFE AAAA P& 7hske= Ao S

2724 1 72 IR 3 RMP o] PlUAIRE A 5}04 skl A<
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20 2 HQITH(Chae et al., 2019). 34 5F Occlusal plane angle < e}
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A=, ol ¥ AT A occlusal plane angle & A7} et XA &glo]
obl stof A G WAIA Wk sldow Qe vEbd AelS ARt st

A Ao 7T et Ax A o] IR AHFNME 0.51 mm 3 E L RMP
Aol = 012 mm FEH AT stef A A #E R A 1.54 mm,
RMP 5] ol A= 0.98 mm FYHATE 7 o BFONA FAFF AARR
o B wol SdENaAL ol A AR '6P xo) stef Adel WAl W 3

As sttt Eeh IR Aol v -8— Fdel defit= dl, °l= RMP
A satel vl /\ﬂTr7]' hgel *’*ﬂ-er i, A Felld s Al =

Fol mrt A2Zow ool 9igel o z;ow dofd A wal
(Figure 7). 3% BW3} 90 FF 719 zhee] B2 Aol F3 ox
A A ATANE Yo ko] A Zow FUEH FAVe} 4

) Hm
T X

o] 3hglo] F=e A vhal H 18} tH(Chae et al., 2019).

EE T E RROA ehed FgolFe] wEEth Awozi o

> = = 71
AL ded AFY AT AYSA BAW W F FIRT DA
A wmge B A% ser A7} sed A4S AR "ok
A% st Aol HBHOR FolEHY shem ol FvIsh FgolE
H9or(p<005), FEE FUlE HYo RAFE melAE gt
(p=005). I F FALT BAE AFARA HF ATNAE 288 o}



A0b7F BEHAl =5 AAMEE X5 $F Aol ¥ 5975 S THJing et
al., 2013).

A7 IR Aol = 6.107
. A1 A AFHS IR
AT 4.72° , RMP AT = 5.84° P4 AANE UG A8 A9t
HlL Al X5 Hsk= fAskgl o dA = o Wol A5 AAMESIE dl,
A ATolM = A stet AdE BT FolE i, 2 AFeoA =
stet xdnt Sols AlZvhe Zpolrt Stk wEbA A Ast FEIANE
sk A8l A o @ ool QS Ao T AFEETH(Ohetal., 2011;
Park et al., 2005).

= ATl s IR AHTOlA sl A9 A w2 2.58 mm, A 1.26 mm
94 olEag o, RMP Zold 27 273 mm, 135 mm o]k W= =
T ZHe] Zpol7t o uEkA = 2O Y(p>0.05), RMPol| AAF S plateE A H
shele Wl R ARTR O Be A olFe warhs A% A7e X
SFT}(Chen et al., 2019; Ye et al., 2013; Yeon et al., 2022). IRol| A3 75 A HT 4 $
obe] A4 ool met AT Aol AAAAWA AAFA et 7
Aol Fokth AR RMP= ol2fdt fldS 29 ¢ %lol ¥ adHow
stel AP FTupolE AlZ 4 Stk aAW Me AT w=w sl A
FpolE o A stetzo A= JHER RSV wel AR
cone-beam computed tomographys &% 3sto] 718 FHS H7bst= Ao HAE
1’/}(Klm etal., 2014).
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3 s}oﬂt‘r(Oh et al., 2011) fz o —Er*#% Ol%f'* A Aol A= g A
Aol 7W7ke AA D 2FA oA F74 Hel/t Ad F RS R e TH(Park
et al,, 2017). Tt F7 Fst F7FSEIAINE F4 0] 1 mm oY kst A8
A9} Tl F7heko] A9l o m(Song et al., 2022), T o EFolA H-ou|dk -
27F F7 A3tE HolA ¢k thp>0.05).
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2ote] 3 A& vluskglE Bl A
distal-in rotation®] ¥ It} & ATt o]l A 12 W FX7F E5F  distal-in
rotation U= AHE 7R A& A7 1= WhA(Song et al., 2022), THE
Aol = A1t 5-*] = distal-in rotation ¥ AT A2t 7%= 2.3]2] mesial-
in rotation®] ¥t} H 1A THON et al, 2011). o] A Tk A3 B}
7 9 glojojo] F{RIL Hepa dojd AyE AztEh

Aok FAFH 71€71E ¥ 8H S wl, Ml inclination #t°] F & EFof A
247y 1.66° , 1.35° Z713F A0 72 Hol X ¥ Ee Iyl Wiy AS o
Atk A& AFA = FHolgEe o& AXTF dAFOE 7]EoiX A
i, 7X 5 B &8s fdsy dojuts daeta Bgko o]

= WA ] i E dedt F3HAS ARESfol dtuhar F35tHOh et al.,

Az A7l WEW RO vYAAFE AHT A AEES 9F 80 %t
1 313} th(Hourfar et al., 2017; Papageorgiou et al., 2012). F=3F RMPol| 253t 1]
UAAFo AFES ¢ 77%2 K138t tHAzeem et al., 2019). F 218 91X

o A¥ES AFACR Hug Ay AlA Y] we] o= & 917}
g woa vlastyls ojeeu, A AT deEs BdS W T A 3L
o] AEES Z Ae7E vl & Stk 2 delM s R AST Y RMP
AT e =4 9 XA W zpolvt fFomekA] ok Zlo® eyl o
woll 2 Aol ME AAF A5 A 7H gy wAke] HY s& 1Y
sto] ~aF AF XS dFske A Ewol 2 Aoin

= A7e MR HE R ZlRelM AldE o] Fdd 2o el
ol ARHA eskks SAE THh 7 7] el A ARE-SE bracket AFo]Z=7F
A}o] % #Fo]7}b 9lth. 0.018-inch slot ©] &

A RS Bol7] ke FHols Al A
AF-9 A AL HAgE 4 S Aolth W E 0.022-inch slots o] 8-

22



ol

Rolt}
(Rin
chuse et al., 2007)
R
1 <
AN
CEE
= Alg]

0%1&
o_sﬂ%

mjn o Wu
X

X
% on
=

d@@%@
M%Hoﬁui
7L
MO;onIV/A
?aﬁ@ﬂ%
%frﬂ%
M.ﬂl.zT‘l
oi1v¢
g A7o€
,malm;
%%ﬂ@@
T ) S
A%ﬁl@%
oo W "
?él%ﬁe
1@%@.@
M_x_x NE
Vﬁ%w.frﬂ
Amfi#%
<z -
ol -
o o

23



T 7 oAl occlusal plane angle©] 7HAsE3lom, o]= ket A Hth
TA7F 8 wol $iEo] stef Ao RiAA W 3

ojth. IR A HwollA Aot o W 3hgjo] Aot o™ occlusal plane
angle= © A Tasioy F o Y] FYA= HolA] gttt

A5 Ax 9 FA A AAPL
AAFM o W@ FA7E Doyt
w}ﬁ‘r o B ekl FHolsol
o, TOT ATHP<0.05). A, 2 AFHA
AT el Ak RHo W o A THp>0.05).

F @ mweld dor A
]

%4,

A 0.05) A&TXZF  ZFHAo|(p<0.01)
stAl S7tskdled, &gzt FAHol b AA FUFsSlh
2 FYnd TS HolA &kth(p>0.05). AT
THTolA, Ax D FX37F 7L RMP A TollA o A7
T Zhe] FeolakE HolAl &Sk th(p>0.05).

(]
=

)+ 7} distal-in rotation®] = A7} YEFGFOH IR A HFoA=
ﬂHL A 7Hp<0.01), RMP Aol =  ARd 7 1 wol
AThp<0.05). T3, F T EFoA A#e] FF EAV}
A IR AHTAA o B2 Edr7F AR Fou]st

HolA & gthp>0.05). 92 AZX J—“[‘Oﬂ}‘i o 1
b= HolA] gk THp>0.05).
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(

lo o ox A gl

do (B AT b 2 Ok

IR 2§ Lol X FA43 2 FoledF ol T3 FE
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ABSTRACT

Treatment effects of mandibular arch distalization

according to miniscrew position

The development of the miniscrews has brought a new paradigm to the non-surgical
treatment of adult class III malocclusion. However, the literature has reported adverse
effects of posterior distalization of dentition using miniscrews. In the mandible, lingual
screw insertion is limited, and side effects such as expansion of the arch and buccal torque
of the molar crown may occur. Instead of buccal interradicular area (IR), retromolar pad
(RMP) can be concerned as screw insertion site in the mandible. Using RMP screw or plate
is believed to minimize these adverse effects by applying forces similar to the posterior
occlusal line during posterior movement of the dentition. In this study, we compared the
vertical, antero-posterior, and transverse treatment effects of posterior distalization of the
mandibular dentition according to the miniscrews position.

The sample of the study consisted of 24 skeletal Class III patients over 18-years-old
treated with mandible total arch distalization via miniscrews at the Department of
Orthodontics, National Health Insurance Service Ilsan Hospital, Korea and the Department
of Orthodontics, Yonsei University Dental Hospital, Seoul, Korea. Twelve of them were
treated with IR miniscrews (5 males, 7 females, 23.83 + 3.93 years old) and another twelve
of them were treated with RMP miniscrews (3 males, 9 females, 21.00 = 4.50 years old).
Lateral cephalograms were used to compare skeletal and dental differences, and dental
models were used to measure changes in arch expansion, rotation of molar, and torque
change of molar.

The results were as follow:

1. Due to more intrusion in the molars than in the incisors, occlusal plane angle was
decreased by counter-clockwise rotation of the mandible dentition. More intrusion
and greater reduction of occlusal plane angle occurred in the IR group. There was
no significant difference between the groups (p>0.05).

2. Lingual inclination of the mandibular incisor and distal inclination of the molar
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occurred in both groups with significant difference (p<0.01). More inclination
occurred in the anterior teeth than in the posterior teeth. As the mandibular
dentition moved posteriorly, retrusion of the lower lip was occurred in both groups.
(»<0.05). There was no significant difference between the groups (p>0.05).

3. The greatest increase was seen in the interpremolar width (p<0.01) and there was
also a significant increase in the intercanine width in both groups (p<0.05).
However, there was no significant increase in intermolar width (p>0.05).
Interpremolar width increased more in the IR group whereas intercanine and
intermolar width increased more in the RMP group. There was no significant
difference between the groups (p>0.05).

4. Mandibular molars were found to be distal-in rotated. First molars rotated more in
the IR group while second molars rotated more in the RMP group. Buccal torque
of the crown occurred in both groups and molars were tilted more in the IR group
without significant differences (p>0.05). There was no significant difference
between the groups (p>0.05).

5. There was a moderate correlation between intercanine width and the amount of
posterior teeth movement in the IR group, but it was not statistically significant
(p>0.05).

Depending on their position, miniscrews can induce different movements of the
dentition. Therefore, it is necessary to adjust the position of the screw according to each
case when performing screw-assisted arch distalization. In this study, lateral cephalogram
and model analysis were used to compare the treatment effects of miniscrew positioning,
which may be helpful to predict the changes in each implantation site in cases planning to
perform mandibular distalization.

Key words: Class III malocclusion, Mandibular arch distalization, Miniscrews
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