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Ti-6Al-4V ELI ZA-A)¢] Self-drill Fejo] wnAHE vy2=37F (Biomaterials Korea

Inc., ACR system, Seoul, Koreg) A} &3l o, daed ot 9453 (cylindrical
typey} 33 (conical typep. 2 UFAth. 7t wU2A R[] F8 AFe FTFE
o] 7 (MF-A1010H, Mitutoyo Corp., Japa#) ©]&3te] A=Z3g oy, 43 5=

Fig. 13} Table 2| YEhH A

Cylindrical type Conical type

D2

Fig. 1. Schematic diagram of miniscrews used irs thiudy.



Table 1. The dimensional characteristics of theisonew used in this study

Measurements (mm)

Length
Type Product  Specimen Thread Shank Core Length Total Pitch of
diameter diameter diameter of spiral length
P) tapered
(By) (D2 d)  part () (L)
part (2)
OAS-T1208 1208C  1.15 1.2 0.8 6.5 8.0 0.5 -
Cylindrical OAS-T1508 1508C  1.45 1.5 0.95 6.5 8.0 0.7 -
OAS-T2008 2008C 2.0 2.0 1.2 7.0 8.0 0.8 -
Conical OAS-T1508T 1508T 1.45 1.8 0.95 4.56 8.0 0.7 1.94

. 2438 AxF (Bone block)

2 7ML Que B2 A
(Sawbone$ Inc., USA)S A}43151t} (Table 2).

Fli‘

A3
e

ni

£ <91 xZ<l Biomechanical Test Block
A7y HAAFS A7) 93 E-Glass-filled epoxy she@ 7 1.0 mm, 1.5
mm, 2.0 mnE 7}E3 & TS AFst7] 993 solid rigid polyurethane foarl

acrylate bon@ F-Ztsto] Al F /<] bone blockAlA-S A &3} .

Table 2. Mechanical properties of experimental bioioek

Alternative ) Compressive Tensile
Density
Test ( glec ) Strength Modulus Strength Modulus
Medium (MPa) (MPa) (MPa)  (MPa)
Cortical
1.7 120 7,600 90 12,400
bone
Cancellous
0.64 32.6 876 19.1 659
bone




2.9 3y

T% E= A3 (Driving Torque Test®: ASTM F543-02] 7|&d wat A28 % =

B4 E3 Al ¥ 7] (Biomaterials Korea Inc., Seoul, Korea, Fig.22)o]&3}¢] vy

dd B AA A BESE At tHE 2z E =A .

Belt & Pulley.
1 1
Signal
Qutput
Motor E\ Data Plot
Motor Torque
(Controller| Sensor

Fig. 2. Photograph and schematic diagram of tortpster (Biomaterials Korea Inc
Seoul, Korea).

71 A9 E32 A8 (Insertion torque test)

o
D)
i
o
bl
tio
+
o,

o

o

b
O

'—\

0 ¢ ¥4 &5 3lollA 5 rpme] 44 &

k1

EA A7 IdES AA BEe

2 IAAA AR AFd a5
28 7% (QuickDataAcq¥ ©]&3ted 0.1% G2 EF S d&zog 72

btk AEe 2 2 A 9 509 mUsaRE S



0%o] AT F AA EZ AYL Aty on
SEEREERE
; 4 g5t

. Al A E= A ¥ (Removal torque test)

MUysass
A EER EF AF7)Y
7123t gt ol Yo zE §A
o W7l F B D A= (Tabled)
O EU2=aF 97 g2 4t 2 AA 2T ZF
9|74 F7hol we Ea kel Wsts Brher) g8l 15 mmy Aol 253 o
1208C, 1508C, 20088 A} 2 A A EA S =F 354
QIARAZ FAN WE AL L AA ES SA
A E 3 o] 1508C} ¢33 9] 1508T= ©| &3t 272 1.0 mm, 1.5 mm, 2.0 m&) 3 &
2 F700 Ashel 4 4 R AA B2 & FHsel vl
@) rivzafe Fd Be 4 2 AA EQ ZH
Zolo} 9] Aol Fdsta FiJo] b 1508C 1508T= vl 3l7] A3t 9 AF F
g QAA FAT A2 A 2 AA 2GS AR
Table 3. Design of experiments
. Cortical bone thickness
Miniscrews
1.0 mm 1.5 mm 2.0 mm
1208C *
Cylindrical 1508C * * *
2008C *
Conical 1508T * *
-7 -




(4) A==

B AFAME vy 237 tAFAHS Hrsh7] g ARE 57HAY ASAE o
&3k (Fig. 3).

Hd 44 E= (Maximum Insertion Torque, Ncip T+% B3 Al dolA myx
ARFE WARZAA ALdE o €& EF gl A T2 AZAAY HY g
Aostgoen, A AA E= (Maximum removal Torque, Ncip "YU {FE A
A of & EF S A g 2=z a8y EgS W Ho o= Y
skt

E=Z 44 (Torque Loss, Nem} ] A4 EZ9 U AA E=Z zto]E ¢
v, Ea AAE (Torque Loss Ratio, % Hu A9 EF st E3 24
He MEEE AL o E Ao

A A A+ (Removal Time, se€ % EF AlFdA vyx2a{FE AAL o

2 s Aol g azr gy BkE W Huixd =e9d F &
717y F43) "@olAgst AA EA kol 3 Nenell A F7ksh a7 ghvbslAl fA

97 AFste AR Aroz Ao H
3.5A A=

AT Az A EAolE SPSS 12.0 (SPSS, Chicago, IL, USAAL&315 0
W g F7F AR AAES BeEdn & b flo] MRsH 2GS At
t}.

Plysafe] o3 A dE A uhE HatE Hrhstr] 9fel Kruskal-Wallis £ 4
S AR 7 FE e Aol & a9 AHF A (Post Hoe Tesy 2 4] 7]
cuYzafe g e Wi s Brisky] AsiMe

Mann-Whitney& 4 & A] 34 5} 1 ¢} (a= 0.05).

b4t/

o

(Scheffe) 44 & AH-8-3k3A



Tarque (Ncm)
m

A B C

Time (sec)

Fig. 3. Time-torque graph and measurements.
A, Insertion ; B, Latent period ; C, Raval
D, Maximum insertion torque ; E, Maximuemoval torque

F, Torque loss ; G, Removal time.
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Leluzagel )40 he 4d 2 AA 3 53

97l 371855 Al Y 3, Ful AA B3 fo4 A SARETG (Fig.
4,5)E3 243 ET A& 1208C 1508C7HA = f 9 g 2o 71 gl 2™ 2008C
NAE o4 A F71ehT (Table 4).4 A Ae 973 0] 74255 f-204

22390 (Fig. ).

Table 4. Comparison of measurements depending o déilternal diameter of

miniscrews

1208C (A) 1508C (B) 2008C (C)
(Mean = SD) (Mean = SD) (Mean = SD)

K-W Scheffe

IT (Ncm)  16.40 + 0.27 20.70 + 0.27 50.43 + 0.56 * A <8C
RT (Ncm)  13.81 + 0.33 17.18 + 0.44 33.20 + 0.91 * A <<BC
TL (Ncm) 2.58 + 0.16 3.52 + 0.37 17.24 + 1.37 *  A=8C
L% (%)  15.76 + 1.35 17.00 + 1.77 34.18 + 2.38 * A =BG

Tm (sec) 134.12 £+ 3.53  95.02 + 2.57 77.18 = 2.28 * A>B>C

IT, Insertion maximum torque; RT, Removal maximuworque; TL, Torque loss; L%, Torque
loss ratio; Tm, Removal time.

K-W, Kruskal-Walis test ; * P < .05

Scheffe, Post hoc grouping by Scheffe test.

- 10 -



60

Torque (Ncm)

LA

0 50 100 150

Time (sec)

Fig. 4. Insertion and removal torque as a functidnthe elapsed time for each group.

~
o

O insertion

[e2]
o

W removal

ol
o

N
o

w
o

Torque (Ncm)

N
o

iy
o

1208C 1508C 2008C
Screw type

Fig. 5. Maximum insertion and removal torque depmgmdon the external diameter of

miniscrew.
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160

140

120

100

80

Time (sec)

60

40

20

1208C 1508C 2008C
Screw type

Fig. 6. Removal time (sec) depending on the extediameter of miniscrew.

292 FAAGEAD RAAEZSA

L= (1508CK] A% A A= F77F 1.0 mme} 1.5 mel Ao Ho 4 E= 9}
Ao AA EZE g Aol & Bolx Form dE F771 2.0 mme] 750
A B39 Hol A A BV fFol8HA A dERT ES AAW ES AU EL
BE FoAM Fg Aol 5 HolA wgton A AN AFo] 2.0 mnrl A9
Al A dF J AR 1.0 mm, 1.5 mmil A = zke] 7F §1 1o (Fig. 7, 8).

933 (1508T)] 4% A 4 EdE 9 AF FA0 Wt f93 o2 Bo
M 1.0 mme} 1.5 mmAlolols A AQ EZ7} FoskAl F7He o 1.5 mnel 2.0

rr
i

Lo

mm Aol o = F2l3 2o| 7t AT A A A E2= 2T FA wWE H3 I 9
3R o EF A4S HAFE FAN NS FE F98A4 =15t A AA

e 9 AE FAZE2.0mnrl Aol fr oA A sk o (Table 5, Fig. 9, 10).

- 12 -



Table 5. Comparison of measurements depending micaldone thickness

1.0mm (A) 1.5mm (B) 2.0mm (C)
(Mean = SD) (Mean + SD) (Mean = SD) K-w Scheffe

IT (Ncm) 20.60+0.51 20.70 £ 0.27 2197 £0.49 = A=B<C

RT (Ncm) 16.84 +0.39 17.18 £ 0.44 18.06 £0.30 = A=B<C

1508C TL (Ncm) 3.76 £0.28 3.52+0.37 391+039NS A=B=C
L% (%) 18.25+1.10 17.00 £ 1.77 17.78+1.47 NS A=B=C

Tm (sec) 96.34 + 2.37 95.02 + 2.57 85.46 +3.40 = A=B>C

IT (Ncm) 29.88+0.78 33.25+0.44 3471 +156 = A<B=C

RT (Ncm) 20.50 +0.30 21.87 +0.76 21.48+117NS A=B=C

1508T TL (Ncm) 9.38+0.75 11.38 £ 0.66 13.23+0.53 = A<B<C
L% (%) 31.39+1.78 34.22 +2.00 38.12+1.01 = A=B<C

Tm (sec) 89.28 + 3.34 89.40 + 2.60 81.30+3.18 = A=B>C

IT, Insertion maximum torque; RT, Removal maximuorque; TL, Torque loss; L%, Torque

loss ratio; Tm, Removal time.

K-W, Kruskal-Walis test ; * P < .05 ; NS, not si§oant.

Scheffe, Post hoc grouping by Scheffe test.

- 13 -
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Fig. 7. Insertion and removal torque as a functidnthe elapsed time for 1508C.
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N
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o
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Fig. 8. Maximum insertion and removal torque depemdon cortical bone thickness

for 1508C.
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——1.0mm
35 ' ——1.5mm
‘r‘ ——2.0mm
30
€ 25
(8}
£
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>
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Time (sec)

Fig. 9. Insertion and removal torque as a functidnthe elapsed time for 1508T.

50

45 @ insertion | |

W removal
40 H

35

30
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Torque (Ncm)

20
15
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Cortical bone thickness

Fig. 10. Maximum insertion and removal torque defieg on cortical bone thickness

for 1508T.
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3WUsaF) Aol 4E 4 2 AA ED SA

U235 9 34 (cylindrical or conicaly] w2 x}o] & w7137 3] Zol9} 9 A
< 23 g2Fo] g2 1508C, 1508E A18-3te] I A F =771 1.0 mm, 1.5 mm, 2.0 m@
ZA4M A4 4G L AA EZ FS SHAH.

2

ENAZ FANA A A B, A AA EA, EA 2N EA AHE] F
&

50
Dinsertion
45 -
WEremoval
40
35 T
— —E T
IS
G 0 =3
=z
<
o 25
& =
B 20 ———
|_
15
10
5
0
cylindrical conical cylindrical conical cylindrical conical
1.0 mm 1.5 mm 2.0 mm

Cortical bone thickness

Fig. 11. Maximum insertion and removal torque dejregm on the morphologic

difference of miniscrew.
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5
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cylindrical conical cy lindrical conical cy lindrical conical

Torque loss (%)
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Cortical bone thickness

Fig. 12. Torque loss ratio (L%) depending on thephologic difference of miniscrew.

140
b 1508C
120 [01508T [
100
I T I T
= + = — -
o 80 T
X
()
£ 60
|_
40
20
0
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Cortical bone thickness

Fig. 13. Removal time (sec) depending on the mdggho difference of miniscrew.
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Table 6. Comparison of measurements dependinghen ntorphologic difference of

miniscrews
1508C 1508T

(Mean + SD) (Mean + SD) M-W

IT (Ncm) 20.60 + 0.51 29.88 + 0.78 *

RT (Ncm) 16.84 + 0.39 20.50 + 0.30 *

1.0 mm TL (Ncm) 3.76 + 0.28 9.38 + 0.75 *
L% (%) 18.25 + 1.10 31.39 + 1.78 *

Tm (sec) 96.34 + 2.37 89.28 + 3.34 *

IT (Ncm) 20.70 + 0.27 33.25 + 0.44 *

RT (Ncm) 17.18 + 0.44 21.87 + 0.76 *

1.5 mm TL (Ncm) 3.52 + 0.37 11.38 £+ 0.66 *
L% (%) 17.00 + 1.77 34.22 + 2.00 *

Tm (sec) 95.02 + 2.57 89.40 + 2.60 *

IT (Ncm) 21.97 + 0.49 34.71 + 1.56 *

RT (Ncm) 18.06 + 0.30 21.48 + 1.17 *

2.0 mm TL (Ncm) 3.91 + 0.39 13.23 £ 0.53 *
L% (%) 17.78 + 1.47 38.12 + 1.01 *
Tm (sec) 85.46 + 3.45 81.30 + 3.18 NS

IT, Insertion maximum torque; RT, Removal maximuorque; TL, Torque loss; L%, Torque
loss ratio; Tm, Removal time.

M-W, Mann-Whitney test ; * P < .05 ; NS, not sigoént.

- 18 -



My Fe] ZIAA] S 27 A 8E Hrshr] As) A B, AA B,
pull-out strength, push-out strengthS =3 3sl= WHE F2 AFE3 . Zdeblick 5
(1993)2 44 E= 9t 2= (bone mineral density)} o] ol & A 7} lvhar 3t o,
Brown 5 (2000) 4+ Al <] stripping torque} pull-out strengths © 2 2~ 3/ <] 7] Al 4
A AsS A7 H 2ol = Caranos (2005), ¢ (2005)= WY =272 714 2 ¢
S4E AT A8 A BEAE ol &8k

3} 2 ¥+ Okuyamas (2000)2 pedicle screw] 4 EA9 295 = =2 ABAAE

ZFAG AP EA7L 2379 looseningE AAA o2 =23 £ gty gt 2 5
(2006)2 A& UL EHES] H 4 EFo tigh Hf Al A EZ9 vl &o] &Y
AP 36% U9, 25 AL 57% WAt st om,

A EAG Be A BAE 17 B4 A A 2ol A 93 2ol (AT
3 stgon 4 B2 235 looseningt 4 A3 E ABA oL o 23 4 ¢ir}

etk ol MY AFAY MU2ARE Y F 54 2o A4 420 o8 2

E3 sde A4 49 F AR AT EF ASH o dojubsd AA E3E AT

S AY F A AAA=A A W 7150] glo] 2 A

AAAGAE FAE B2k Qo] A AP S T4
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W] VYA FE Ti-6A4V ELI 2419 9533 9339

El

(Biomaterials Korea Inc., ACR system, Seoul, Ko&ap)}& 332
™ g A7 G4 Fr12 s Lok FYSA 2HsL 2
e W4E A A8 59 A AES Ao

2 dFdAMe AY 2 AA EZE Z435H7] 98l ASTM (American Standard

>
U 4
10
3
4w

o

Specification and Test Methods) F543202/| & wre} A 218 F5 ZE A E3 A Y
7] (Biomaterials Korea Inc., Seoul, Kor&) o|&3l3oem wtadzoz ASTM
F543-02 74 & #8392y ASTM F543-02 7+ 4 2 Metallic Medical Bone Screw
of g rAel7] el AH# WA ddAY myzaFoes vhd zolvt
AolA efzrel WstE FUAT

IASFAY. AY EIe AY FNRE 242 Eart 343 Sisted 24
vy 23 Fe] A9 ZHolo wet EA e & Aolrt AZ & Udn. d=dx F
B B3 tlolE olfsH EIZS =HIE ASos A Zol= AAFHA

Zdeblick 5 (1993)2 4+4] E =9} & = (bone mineral density)to] ol a7 7} )
b 9o M (2002) CT ol v A S o] $3 S22 A7o] A 3 AE A7k 9]

B2 OGS Rk olsh 2ol FEW 53 o18F A% A4 P B WAF T



kil H] 1
b 2 Aged e tdd s U} AT FA e MFE Aofsty] st
=47 bone screw] 98 Ao tgk ASTM F-18397t4 & T343 498 =

[

Biomechanical Test Block (Sawbofiesnc., USA)S A43t9th. s &= dlx A
d As2E 1.7 glcd 2=E 7MA+= E-glass-filled epoxy sheg& short E-glass
fibers} epoxy resit] E3EoH F£EAFZ UA H24F AZZE 064 glcel 2=

£ 7}A & solid rigid polyurethane foag A& 34

9 7o] e AP 1.5mmA AT FANN AEHNL o] 8351} 9 AHo] =718
$% A 4 Eas AU AA ESE 594 QA FhEkion o o)A AT
(¢, 2005;%, 2005;7 5, 20068} L A5
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ABSTRACT

I nfluence of screw morphology on the removal torque
of orthodontic miniscrew

Hyoung-Sok Kim

Department of Dentistry, The Graduate School, Yobséversity

( Directed by Professor Kyoung-Nam Kim, D.D.S., MDS Ph.D.)

Orthodontic miniscrews have recently been usedelyi for anchorage reinforcement
in orthodontic treatment and related studies aregbecarried out actively. But little
studies have been performed for mechanical pragzeiiti relation to the initial stability
of the miniscrew.

The purpose of this study was to evaluate the hamcal properties of the
miniscrews according to the screw morphology antifi@al cortical bone thickness.
Cylindrical (diameter 1.15 mm; 1208C, diameter 1l.n¥n; 1508C, diameter 2.0 mm;
2008C) and conical (diameter 1.45 mm; 1508T) typ&aminiscrews were used in this
study. During insertion and removal of miniscrewmntinuous torque was measured
with the driving torque tester (Biomaterial Koreacl Seoul, Korea) rotating at the

constant velocity under the constant vertical force
The results were as follows :

1. The maximum insertion and removal torque $icgmtly increased as the outer

diameter of miniscrew increased. In case of tordoss, there was no significant
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difference between 1208C and 1508C. Torque loss2@¥8C significantly increased.

Removal time significantly decreased as the outamdter increased (P<0.05).

2. In case of cylindrical type (1508C), there was significant difference of the
maximum insertion and removal torque in corticahdowith the thickness of 1.0 mm

and 1.5 mm. No difference of torque loss was oleskrigetween the groups (P>0.05).

3. In case of conical type (1508T), the maximumsertion torque was significantly
different depending on cortical bone thickness (PSP and the maximum removal
torque was not different significantly (P>0.05). eThhicker cortical bone, the more

torque loss (P<0.05).

4. The conical type had more maximum insertiomd aamoval torque, torque loss,
and torque loss ratio, but the cylindrical type vsd more removal time in cortical

bone thickness of 1.0 mm and 1.5 mm (P<0.05).

As a result, the insertion and removal torque eweffected by screw morphology
and the outer diameter of miniscrew. For thick icait bone areas, it is recommended
to use the cylindrical type of miniscrew which hksv torque loss and not too high

insertion torque.

Key words : orthodontic miniscrew, screw morpholpggortical bone thickness
insertion torque, removal torque,qter loss
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