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1 28w g2lo]o] clearance (wire clearance at

0
ol

oz PR FRE B

)
ot

interproximal area, WCI), %7] T WHEE TO (FAA A A5) A A3t

N

o], HA L WS A A

’

Ak Y BIEE QAR S yH], A5
A TO, T1 (M€, 4+3 A& 8503), T2 (6712, d+=8 Al 51003 lM =4
b 5 ARk mE AISAE9 WEEY] dHgS AEElT 6713 AIRE S5
FriEak7] flsto] ded AEE ARSIt
1. WCIE 7]+ o2 AFetel A= custom—cut «+ 2 7] A& o] custom—bent
THT & JAFEE HAFHOY(p = 0.003), dtetelA= o+ F Fost A
°17F {131k (p < 0.001).
2. 7] HEYx AYS 7o ®E A, s EFelA custom—cut T, custom—
bent ¥, F7] A F £O07 L& AIEE BHAT(p<0.001).
3. 670 el (F<=gk Ag 51003 oA Al o F bS] fFoet Aol gl
}.

A7l Aes BEUE A s FAZA F zbolvr gloerR AIRE Y A

L
Jo
D)
o
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ofo
ot
oL
rlr
pai)
5
A
A
i,
o
ot
o1
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fo
bl
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rO
o
oX,
5

CNC cutting H2le
FABA AW A mesel @ 498 ohb ohUM, 2 RARANE Fuio] =
Atz A4 S gste] FAGH A WS dgs)op 3 Aoz AyzbE

o},

Aol He= g A= 144 FX4A], CNC cutting, CNC bending, <3 A7



WY AR FR F Aoke 29 AR HEolE e AFS Kol (Littlewood
et al., 2017), Sadowsky<9} SakolsE 20zt A7) FA A= A3 9699 3zt =
OF 72%°l 4 AL A HITYT H skt (Sadowsky and Sakols, 1982). w&}
A R A E AE F ude ASE fd nAA 2 A FAAE

ARE-3HC (Knaup et al., 2019). o] 5 A& 142 FAZX &= Anjdo]a skt §

7Pda ARG AdZEci(Nagani et al, 2020). =5 nAEX F¢
prescription®] 3% preadjusted appliance”} 7fEE O ZH AEFO|E glo]o]
(straight wire) &] Abg-o] 7hsal R out, xlope] A ol Hlsto] Fej7} thekst
!

ol

o gl Av AReA wolst W] e AEdCE slolofe] Abgo] BIbs



g (Kim et al.,, 2016). 2822 FH] A5 142 FAGA A=S $siAds Ao
o] /Y o] A EE A A<l 9o]o] bending®] A 0|0 ™, Zachrisson
(multistranded wire) A 3X+= 1%5<F ¥4 %

o] 19824 %glst o7t 9ol

o]
< (gold standard) &2 oJAA &tH(Gelin et al., 2020).
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o

4 RAZAE AZe] B A B

e BNl

ABA A5

Q=R stER olF FHIV] HAd gAY VES =% A3 ANER TR HAS5 1
A2 B2 A2 7F MEE o (Kartal et al., 2021). tlx 49 7)< W 3349 A0 23S
o] &3l 9tolo] A2 AFE] 3 Ao] (computer numerical control, CNC) el 7]qF

3ty g 9lolojo] A|F el CNC 327 AIZA A2 7]1A (cutting machine) 9

rlr

bending 7]7l (bending machine) 7} A& . 2P JIAIE ol&d o=
Memotain (CA-Digital, Hilden, Germany)©¢] °ow,6 oj= YA-EEely F5IA2
Zrobr b= 0.014X0.014 inch®] A5 1424 FA7%g = o]t} (Kartal and Kaya, 2019;
Kravitz et al., 2017). Bending 7]Al1E ©] &3t |2+ Suresmile (Dentsply Sirona,
York, USA), Incognito (3M—Unitek, Monrovia, USA) 9] 9lon ZXo| glojo] =
bendingdte] /HAER 41 A #dtH(Lee and Vaid, 2015; Park, 2014).

vl FHLole A5 144 FA48A AF-E bending Z1A7F EE AT A3
Aol wEd " V) AE ol &al AAE FALAE A A=V 1 240 ¢

3R Wk (Kravitz et al., 2017), X9 8% AZ =5 He

al, 2021). W A% 194 #4424 A%E bending 7AE FHOE Aol
sob MR el W@ A4l £, U B FAFNE Adshs 2ol s

[\)



soz @4 e 057k Zads 330l vt

A5 WA fAFA0 JHAE D PPHS YHoE Fad FAoh &
AR AFE} He A o1 FAA A4 FEA (passive) 0F HAFY] ofel 9]
A gaes ol ds A4 g Aok o]Bo] WA 4 U (Shaughnessy et al.
2016), FAFA G Ao}k Aole] Bl Frkstel B4 BHE L WF MY B4y

7}sAd o] Folth (Mdhlhenrich et al.,

5o ez sholele] wHo® stojo] M @ Aok WA of
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&) A A
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o

]_

tlo
ot
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KA golol7t Aok &

kAt (Samson et al., 2018).
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2018). FA17d=2] A7}

© 1 (Aycan and Goymen, 2019), Shaughnessy %
of 7 g oste] e F-9]9
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SAW AW AT % §AA FHEe] tiste] Ao HrH AT Ao
flom, 494 24% FAF Wolf 59 A7E dzr 44l dvhe @48 Ay

A7

i

TH(Wolf et al., 2015). »F7FA 2 A4 Aol 7]vtasto] AJZF 2 dpef w}

A9 27 AL AR AT AGHA G FFolr), 1EY ATELS Ho|

X

AE7l =94" CNC bending 8212 A5 uAA FAZAE A5 el 2347

f
(o]
il
2
L
:
i
e
=
oX,
1>

A ottt oo E AT F FFY 32 AWM BY 7Rk
G242 (CNC cutting® CNC bending) ¥ F71& AZd A= 3424 §A%3 9

¢} obgAE mlwstar 93 &Eel dis R R AR ek 2 Ao TN

o

X
i
il

[e}

THEE AR YU PoR AdE fAZAEY] dgx ¥ gl T Aol

7 ke Rold,



I. a7 o 2 4

1. @7d%

2021d 3¢ ol AAegw Xy d w oA A A A (debonding) o

4 @A A wyg HA 2070 (8, ster ZH 107D & A7 g e R st dA

1

of A&, A=, 7|9 A (peg lateralis &), X[o} Alo] Fgbo] = A9, 18
A 2y QiAW F9lo Fejrt 23 Aev AT el Agdedit A5 1
A2 AR e WelE AR WS AA A AA s 0w Az Ao wek
custom—cut 7 (CNC cutting), custom—bent 7 (CNC bending), 7] A& + (%

o) o % TRt AAAA A =4S v=3 2ol yerlidth(Figure 1).



Duplicated dental model (n=20)

(Mx. : 10, Mn. : 10)

}

Surveying & design

}

3D scan of dental model

h J

}

h 4

Custom-cut group

Custom-bent group

Manual group (control)

h 4

A 4

Fy

Measurement (T0)

-

!

1) Wire clearance at

Thermocycling

interproximal area (WCI)
2) Initial flatness deformation

!

Measurement (T1, T2)

Figure 1. Flowchart of study design.

295 9 yep

1) ALateral width (ALW)
1) AAnteroposterior length (AAP)
3) AFlatness deformation (AFD)




Figure 2. Design of lingual fixed retainer: A, design on one plane using dental surveyor; B, after
formation of small dimples (arrows) on two canines and one central incisor using round bur.
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(2) Custom—bent ¥+

270 23 9 CAD software?! FixR (YOAT Corp., Lynnwood, USA) & ©] &3}
Ao 2Egel gk gl 9Xg 3749 & THstE MY & WEE AUA Fa
2-33l== t]xelslst). o] CAM software€! Benderl (YOAT Corp., Lynnwood,
USA) S Edl AAZAE Azstslth(Figure 3). Al &tel]l AFE-% 9lo]o}i= 0.5 mm F
Aol Al 7tk 2 elg A7 2}olo]¢l Dentaflex (Dentaurum GmbH & Co., Ispringen,
Germany)©|th. Aol ¢kgd FAZAE &= AdAo] A F ZAFNA A

Sk

\
bending pin

Figure 3. Fabrication of custom-bent type lingual fixed retainer: A, plane setting based on small
dimples of dental cast; B, design of retainer on reference plane (bypassed small dimples); C, bending
process of wire; D, final product.



) 71 AR T

Custom—bent ¥ EU3l DentaflexS AFg3lEon X ug AHo]o]S E3&) t]

AN

FAA G WAAAE A wge] FHE B PHstgon], Ago] gy f

1) A=

@O <1-8d g9lo]o] clearance (wire clearance at interproximal area, WCI)
Geomagic Control X (3D systems, Rock Hill, USA) softwareE ©]g3te] %7] ~

W Egel A o] IE F& Tl V1= BRe s EE AA A

FTHSIAT. VP eEFE FAEA M FANS e AS5 AATAE A"E
SAs & 57 AH™EANAN Y AFA BAwks AESA T (Figure 4). ©] gkl A
A ZF= 2] B FA (custom—cut ¥ F$ 0.35 mm, custom—bent 2 7] A&

29 A% 05mmE W ke WCIgh sk of go] A4&5% §A%A) AE



Figure 4. Measurement of wire clearance at interproximal area (WCI): A, initial scan model; B,
setting of reference plane (dotted line), five interproximal surfaces (solid line), five reference points:
Yellow area indicates the part excluded when superimposing. C, after 3D superimposition between
initial scan model and the model with a retainer attached; D, length measurement between two points
in five interproximal areas.

@ %7] A¥ % ¥ (initial flatness deformation)

e

FAZAE EEhol= FEre] A2 1A & SFolt FFARZHEEH FAXFH
A 7bg Ee doid =4 AgE AR WY (flatness deformation, FD) 2.2 4
ol oluf o7ty gloloj o] A% glolojof THE =T AHE VIEo® 8§l
t}. Image analyzer (Hyrox Korea Co, Anyang, Korea)E ©o]g€&] 70v] o %
Image partner 4.0 (Saramsoft Co., Anyang, Korea) software’olx 78 & =% 3s}

Atk (Figure 5). 27] BHE WIS TO (FA8A Az A5)eld S48 HAd= ¥

o o] gro] H&5% §

o
o

AEE7} Frin HAs
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Figure 5. Measurement of flatness deformation (70x magnification).

(2) LB

TAEA S 32k A A7 MEA IS SIS okdlel ol HodE S yw]
(lateral width, LW), A3%4" Zo](anteroposterior length, AP), 181 A= A=
of AbgE WHEE AFS A AF TO, T1 (171€, 4«8 AHe 8503]), T2 (6714

A=A 51003 oA =

3 2 A

fus

o

of & o] ASFAE W] AU (4

o

LW, 4AP, 4FD)°] a5 FAA2 kg dol rha &4 & dA7-olA

1o
o

rr

Azd FAGAS dall 774 Wl 2= 23 @E70) A 67E3E] A E5S
Ls8l7] fleke d<o@k A2 (thermocycling) & ©18-8k3lth (Figure 6). 484 3
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ke A Q0= 2 (Gumus et al., 2018) 8503], 51003 & Z+ZF 174€, 674

Lol ks goz AeEgTt

FAZAE Bl AR 5 FAZA ] F= v T4 L

stk AS5E sl 54 F97] Mitutoyo, Kawasaki, Japan) & AMg3tich
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Figure 7. Measurement of lateral width (LW) and anteroposterior length (AP) using profile projector:
A, lateral width; B, anteroposterior length.

= =

st ol A7 12 S-S vk %, 1579 Hel dA 282 5 T2 30%E
A3t 23 A4S A, S B A4 (intraclass correlation coefficient,

ICO = BE ASX &l tdl 0.88 o] #he Hlth

o EARAEY
SPSS software version 25.0 (IBM Corp., Armonk, USA) & o] &3&}o] F74] 748
Algstaek. gt A4S 918l Shapiro—Wilk test® AHEEATH fFAEA 9 F7
of wel WCI % 7] #¥= AP Ao)7t A &<lsty] ¢8 one—way
analysis of variance (ANOVA)E A3t AFSH P 02 Tukey's testE AFE3}

Atk Z2 ASA ] ko] A, sket Azl FAZA P ASA Ael7h h=A I

ot&t7] 93 one—way ANOVA % Kruskal—Wallis test® A &3}t F71a 0w
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FARZA Y T A, stet o e nEAEE ®7] §18He] two—way ANOVAES

AT A el wet JLW, JAP, 4FD #%9 Ael7}
7] 91814 Kruskal—Wallis test® A&ttt +9 &5o] 0.05 o]&f

o7 fFos o7t vkl AT
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m. 43¢

1. A= Bl

7F. AW glo]o] clearance (WCI)

AA FAFAE oz WCIo 3t one—way ANOVAE A 3P3t A} 52 &
ol 9 FFERU FAA AFHJOTZ(p = 0.003) AFHAL AAFI
Custom—bent 7(0.81 * 0.36 mm)-2 custom—cut 7(0.48 £ 0.23 mm) ¥ 7|
A2 7(0.63 £ 0.29 mm) el Blsl FelstA & WCI #t& E3Ath Custom—cut v+

o 7] A 2 Rl

rr

ol gt kol 7k gl (Table 1).

} o}

2o 7 ob ztzbel ] BAG A3 Aot §AAA 1+ WCI 2ol

j|\

=

o>

ol
—_

N

’

7F FelskAl e (p = 0.003). AF$AA A3} custom—bent 7 (1.01 * 0.26
mm)-> custom—cut 7 (0.59 £ 0.256 mm) % F7] AF £(0.71 £ 0.23 mm) el
vl feolatAl & WCI ghg Btk Wk stetelde= Al 78 284 1+ 23
Zlol 71 At (p = 0.104) (Table 2; Figure 8).

Two—way ANOVA A3} FA418319 F57(p=0.001) 3 7, sk 1% (p<0.001)

WE WOl % JFEL /AL A0E Uehgth §4819 £79 4, st o

1
)
R
ol
L
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flo
e
i
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B
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)
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Table 1. Comparison of wire clearance at interproximal area (WCI) in 3 retainer groups

Group N  Mean £ SD (mm) p-Value Post-hoc
Custom-cut (a) 20 0.48 £ 0.23

Custom-bent (b) 20 0.81+0.36 0.003** b>a,c
Manual (c) 20 0.63+0.29

P-values were calculated using one-way ANOV A with Tukey’s test (a = 0.05).
** significance at the 0.01 level.

Table 2. Comparison of wire clearance at interproximal area (WCI) in maxilla and
mandible respectively

Group N Mean + SD (mm) p-Value  Post-hoc
Custom-cut (a) 10 0.59+0.25

Maxilla Custom-bent (b) 10 1.01+0.26 0.002** b>ac
Manual (c) 10 0.71+£0.23

Mean £ SD (mm)

Group N Median (IQR) (mm) p-Value  Post-hoc
0.37+0.16
Custom-cut 10 0.32 (0.26 — 0.47)
. 0.62 £ 0.34
Mandible Custom-bent 10 0.53 (0.4  0.66) 0.104
0.54 £ 0.33

Manual 10 o1 (0.31 - 0.69)

P-values in maxilla were calculated using one-way ANOVA with Tukey’s test (o = 0.05).
P-value in mandible was calculated using Kruskal-Wallis test (o = 0.05).
** significance at the 0.01 level.

16



s T 1 A Custom-cut  OCustom-bent @ MManual

03

WCI (mm)

06

04

02

Maxilla Mandible

Figure 8. Comparison of wire clearance at interproximal area (WCI) in maxilla and mandible

respectively.
* significance at the 0.05 level.

** significance at the 0.01 level.

custom—bent T (0.54 £ 0.32 mm)el vl FelstAl & 7] HEE HAF S HI
o} T3 custom—cut ¥ custom—bent ¥ IFE f-2)% 2Fo]E Bt} (Table

3).
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B AZAE P, set Ao BAG At et E FAFA @ 7] B
©ouge] §2% Aolzk UATHp < 0.00D). AFAY A3t 471 A% F(1.07 =

0.19 mm), custom—bent 7 (0.77 £ 0.28 mm), custom—cut 7 (0.06 = 0.05 mm)

To® x7] HPE WHPo] AA YyEetEth stete Aoty mpxiriAE A A 7H
Z7] A E HEY Y {Fst Zol7t o H (p < 0.001), AFEH7 A} 3t Aotz
FA3A 7] AZF +(0.53 £ 0.31 mm), custom—bent 7(0.31 £ 0.13 mm),

custom—cut 7 (0.05 £ 0.05 mm) 2% IA YEl9ti(Table 2; Figure 8).
Two—way ANOVA Ay FA3AA9 7 (p<0.001) 9 A 3ot o3FH(p<0.001)

7] BHE WG FA 9Fe A= Ao dEEt B3 {FAFA <

R
—n
P

ofN
=il
to,
o
o
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N,
[-olr
B
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o
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]
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38
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Table 3. Comparison of initial flatness deformation in 3 retainer groups

Group N Mean £ SD (mm) p-Value Post-hoc
Custom-cut (a) 20 0.06 £ 0.05

Custom-bent (b) 20 0.54 £ 0.32 <0.001*** c>b>a
Manual (c) 20 0.80+ 0.37

P-values were calculated using one-way ANOV A with Tukey’s test (o = 0.05).
*** significance at the 0.001 level.
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Table 4. Comparison of initial flatness deformation in maxilla and mandible respectively

Group N  Mean £ SD (mm) p-Value  Post-hoc
Custom-cut (a) 10 0.06 + 0.05

Maxilla Custom-bent (b) 10 0.77+0.28 <0.001*** c>b>a
Manual (c) 10 1.07+0.19
Custom-cut (a) 10 0.05+ 0.05

Mandible Custom-bent (b) 10 0.31+0.13 <0.001*** c¢c>b>a
Manual (c) 10 0.53+0.31

P-values in maxilla and mandible were calculated using one-way ANOV A with Tukey’s

test (o = 0.05)
*** significance at the 0.001 level.

=1
oo

Initial flatness deformation (mm)

8 Custom-cut  OCustom-bent =N anual

Maxilla

Mandible

Figure 9. Comparison of initial flatness deformation in maxilla and mandible respectively.

* significance at the 0.05 level.
** significance at the 0.01 level.
*** significance at the 0.001 level.
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2. AAA B L (JLW, JAP, AFD)

TO-T1 (17/4¥, I3 X8 8503]) % TO-T2 (671€, 43 g 51003))

A AR ASAE

Table 5. Comparison of ALW, AAP, AFD in 3 retainer groups

1o
do

o3k ztol= BEE A okttt (Table 5).

Mean = SD (mm)

Median (IQR) (mm)

Variable p-Value

Custom-cut Custom-bent Manual
0.04 + 0.03 0.06 + 0.05 0.06 + 0.04

ALW(TO-TD  403(0.01-0.05)  0.05(0.02-007)  005(0.02-0.08) 207
0.03 + 0.03 0.08 + 0.08 0.06 + 0.06

ALW(TO-T2)  4030.01-0.05) 007 (0.01-015) 005(0.02-011) 209
0.03 + 0.02 0.03 + 0.03 0.04 + 0.03

AAP(TO-TD 402 0.01-0.04)  0.02(0.01-005  003(0.02-007) 2208
0.03 + 0.03 0.04 + 0.04 0.03 £ 0.02

AAP(TO-T2) 07 0.01-0.05)  0.03(0.02-005  003(0.02-004) 383
0.04 + 0.06 0.05 + 0.05 0.04 + 0.03

AFD(TO-TD) 407 0.00-0.04)  0.04(0.01-008) 0.05(001-007) 0218

AFD (T0-T2) 0.04 + 0.04 0.04 + 0.03 0.06 + 0.05 0400

0.04 (0.01 — 0.07)

0.02 (0.01 — 0.05)

0.05 (0.02 - 0.10)

P-values were calculated using Kruskal-Wallis test (a. = 0.05).
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Figure 10. Superimposition of three types of retainers simultaneously (yellow: custom-cut group,
blue: custom-bent group, red: manual group).
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ABSTRACT

Accuracy and Stability of Computer—
Aided Customized Lingual Fixed

Retainer

Seung Hyun Kang
Department of Dentistry
The Graduate School, Yonsei University

(Directed by Prof. Kee—Joon Lee, D.D.S., M.S., PhD)

In modern Orthodontics, lingual fixed retainers are commonly used for
permanent retention after treatment. With the introduction and development of
digital technology into the field or Orthodontics, various types of lingual fixed
retainers are now available. Although the accuracy and stability of retainers are
clinically important, evidence—based information on them is not yet sufficient.
This study evaluated the accuracy and stability of two types of computer —aided
customized lingual fixed retainers (CNC cutting and CNC bending) and
conventional lingual fixed retainers (manual bending) quantitatively based on

laboratory experiment.
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Twenty duplicated dental models (ten maxillary and mandibular models each)
were selected. Design of retainers was set up using dental surveyor and reference
plane was defined by three small dimples on dental models. Three types of retainers
(custom—cut, custom—bent, manual group) were fabricated for each model on
canine—to—canine area. Wire clearance at interproximal area (WCI) and initial
flatness deformation were measured at TO (right after the fabrication of retainer)
for evaluation of accuracy of retainers. Lateral width (LW), anteroposterior length
(AP) and flatness deformation (FD) were measured at TO, T1 (thermocycling 850
cycles for simulation of 1 month), T2 (5100 cycles for 6 months) and absolute
value of changes between each time point (JLW, J4AP, 4FD) was calculated for
evaluation of stability of retainers. Thermocycling technique was used to induce 6
months of time flow.

1. WCI: In maxilla, custom—bent group showed significantly higher WCI than
custom—cut and manual group (p = 0.003). In mandible, no significant
difference was observed between three groups (p < 0.001).

2. Initial flatness deformation: In maxilla and mandible, manual group, custom—
bent group and custom—cut group showed high values in order (p < 0.001).

3. 4LW, 4AP, 4FD: No significant difference was found during 6 —month period
(thermocycling 5100 cycles).

Since there was no difference in stability between three groups, it is

recommended to use custom-—cut type retainers in consideration of accuracy.
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However, accuracy and stability are not the only factors to consider when
selecting type of retainers and since each retainer has its advantages and
disadvantages, it is thought that the type of retainers should be decided in

consideration of the clinical environment.

Key words: Lingual fixed retainer, CNC cutting, CNC bending, Thermocycling
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