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Table 1. Chemical composition and mechanical properties of grade 4 titanium alloy

Chemical composition (%) Mechanical properties
Alloy grade Tensile Young’s Elongation
N C H Fe Ti strength modulus rate
(Mpa) (Gpa) (%)
4 005 0.08 0.015 0.50 Balance =550 110 =20
AZHE v|std =77} Fo} AYE 9% A
AFEAY o2 g3 A7 nAS JSUEStE T To7 &7
2] GA ggE e JI AA Bkl B itk %
FH L AU AP Aol FL4E JZPE A
ro} g3 2¥7h Belehe Y0 gIut AA Ea3e : :
A7 Agel welae] e 3730 e 294
MUAZHEE A2 AA BA2E 29T + 3
. 283 X3 BAE YSAENH R Asfd] B ' ‘ '
#3t 89 Fo] Zdol7} 2 FT?Ajo] Qo] doly} Fig 1. Tested groups of orthodontic mini-implant,
#S AL HJEHo vty stk From the left, cylinder 6 mm; cylinder 8 mm;
o]g gt 41 &g vx)Ely] 98 wAL vy taper 6 mm; taper 8 mm; taper 8 mm modified
AEE 7129 AEF 7} old, AP o] A5 with gradually small thread from the middle
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portion to the upper portion.

SRy [=2

AddE ASTM F2146-01 5o WE grade 4
titanium alloy (Table 1*2 AZ¥ A7 1.6 mm<
w3E vYYZHE(Dual Top, Jeil Medical
Corporation, Seoul, Korea)E& A}&3}5th
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Table 2. Mechanical properties of the solid rigid polyurethane foam (Sawbones) for insertion of the

orthodontic mini-implants

Density Compressive Tensile Shear
(of) (o/cc) Strength Modulus Strength Modulus Strength Modulus
b g (MPa) (MPa) (MPa) (MPa) (MPa) (MPa)
30 0.48 20 553 11 640 89 122

Fig 2. Material and equipment for insertion and removal of orthodontic mini-implants. A, Solid rigid
polyurethane foam (Sawbones) with homogeneous density (30 pcf); B, surgical engine (Elcomed SA200C)
which is able to control the torgue and rpm, and measure the torque as the time (1/8 sec); C, insertion
of orthodontic mini-implant to the solid rigid polyurethane foam with surgical engine.

T 2102 AYUHIIL AAHY] ] o] &
etated 30 pefd] TEE =& 7M1 solid rigid
polyurethane foam (Sawbones, Pacific Research
Laboratories Inc., Vashon, Washington, USA)S A}
439tk (Table 2, Fig 2, A).

fUAERES] A4 AAE H8) o734 aA
(Elcomed SA200C, W&H, Brmoos, Austria) (Fig 2,
B)& AH&stsich Ade A3 9 #8 dze 1/8
Z Ao Aztel wt A&AHQ B 3 E 7]
Eo| 7bsdtaL, A2 Q1o R i EF S gko] R
2EE & e AL W) A% E= EH o shEdt
of Z|A9SA 49 4&2 718 71 AU

4=
A& vYAZHEE polyurethane foamd] A

o)
I AA Al g A7 &5 30 rpmeE 1P
3t 127 28 A EE slgt E3E vydEa

E7} 488 E B39 40 Nem®PEoHe HoHA o
Ao duddez EIE A 4Y EZRgE
2 30 Nemo.2 13t &4 9] nUUZAHEE
polyurethane foame] 2122 A9 & A AHAYTH
(Fig 1, O).

Z 2o A H AA Al EF W5 E S8 oH
A 2 AA Ho E3E 28, Hdl EAA
208 € AIZHEA A4 39, 1/82)E 243514k

ZNAGE vn EA4E gdMe 449 myy
ZWEE vud 75| asta z+ 7o AU A
A Al Azl wE B WElE AU BEA AIHES
71Eo 2 43 A Fo Adste 4F A 14
o7 7z} #o| EAE vlm B 4 AldE
Al SHRE A A Ed ol2e 3 & 1Y
A8l Hdl 44 B3] ALE 7|F 0B 0, 4228
A) A, 8x43A) A9 7+ Fo EAE Hu B3
Aok 233, AA Ade H) AA B2 AF BEA
o ZAEHE S B 8 Ul AA A9 A
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Table 3. Torque (Mean Ncm

XAA 36& 15, 20064

X+ SD) on 8, 4 and 0 seconds before the maximum insertion torque and 0,

2 and 4 seconds after the maximum removal torque of each group

Insertion torque” (Nem)

Removal torque ™" (Nem)

Mini-implant types

-8 sec -4 sec 0 sec 0 sec +2 sec +4 sec

Cylinder

6 mm 484 £ 050 712 £ 042 1332 T 060 347 £ 071 219 £ 035 163 * 030

8 mm 750 £ 071 993 £ 096 1851 £ 052 440 £ 061 277 £ 039 220 * 043
Taper

6 mm 538 * 067 967 £ 08 1661 * 042 516 £ 08 283 £ 057 157 £ 036

8 mm 704 £ 202 1323 £ 269 2200 T 219 622 * 128 347 £ 033 240 £ 039

8 mm Modified 718 £ 032 1216 = 084 1997 £ 1.26 542 = 070 405 = 041 381 £ 050
p-value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Homogeneous subsets” AC<BDE A<BC<DE A<C<B<E<XD A<BC<CE<D A<BC<D<E AC<BD<E

T Insertion time was calibrated to the time (0 sec) of the maximum insertion torque of each group. "' Removal time was
calibrated to the time (0 sec) of the maximum insertion torque of each group. * Subsets are symbolized as follows: A4, cylinder
6 mm; B, cylinder 8 mm; C, taper 6 mm; D, taper 8 mm; E, taper 8 mm modified.

AL 7F02 0%, 22(134) &, 42023 A) 29
7 79 BE3E Hwstth
olg} 2L ARE EYE nYYZAHES 9}
ol¢] aglo] AU H AA EA vAe IS

4

B23517] 98l SPSS 12.0 KO for windows release
12.0.1 =2 289(SPSS Inc., Chicago, IL, USA)E ©]
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Duncan's multiple range test® A% A3 & A3}
k.
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(Table 3, Fig 3, A). AA Al A} AA E=271 7}
A2 A 9N 933 8 mm, 7P AL AL 9EY

%t (Table 3, Fig 3, B) A1A 2 4% EaE
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A. Insertion B. Remeoval

o
&

L
—

Torque (Ncm)

Torque (Ncm)
- N W e wm &

@

Time (sec) Time (sec)
== =-- Cylindrieal 6mm Cylindrical § mm
Taper  6mm Taper  Bmm Taper 8 mmmodificd

Fig 3. Insertion and removal torque according to
the time of each group. A, Insertion torque; B,
removal torque.
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Fig 4. Torque on 8, 4 and 0 seconds before the
maximum insertion torque and 0, 2 and 4 seconds
after the maximum removal torque of each group.
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- ORIGINAL ARTICLE -

Mechanical analysis of the taper shape and length
of orthodontic mini-implant for initial stability

Jong-Wan Kim, DDS, MSD,* II-Sik Cho, DDS,b Shin-Jae Lee, DDS, MSD, PhD,’
Tae-Woo Kim, DDS, MSD, PhD,d Young-Il Chang, DDS, MSD, PhD*

Orthodontic mini-implants, despite its usefulness as anchorage, have some limits such as loosening.
Therefore, various shapes and lengths have been studied. The aim of this study is to analyze the shape
and length of mini-implants mechanically. The shapes of mini-implants (1.6 mm, Dual Top, Jeil Medical
Co., Seoul, Korea) were cylindrical and taper. The lengths of mini-implants were 6 mm and 8 mm. The
tested groups were 5 groups (cylindrical 6 mm, cylindrical 8 mm, taper 6 mm, taper 8 mm and taper 8
mm modified whose thread is reduced from the middle to upper part). All were inserted and removed
on the polyurethane foam with the torque measured. During insertion and removal, the taper shape
needed higher torque than the cylindrical shape, and the 8 mm length than the 6 mm length (p < 0.001).
The taper 6 mm group showed superior insertion torque (p < 0.001) and similar removal torque to the
cylindrical 8 mm group. The taper 8 mm modified group with gradually reduced threads, showed
continuous high removal torque after the peak. The initial mechanical stability can be provided by the
tapered shape and also, affected by length and thread design.

Korean J Orthod 2006;36(1):55-62

¥ Key words: Orthodontic mini-implant, Stability, Taper, Length

2 Clinical Instructor, ° Resident, Depariment of Orthodontics, Seoul National University Dental Hospital

° Assistant Professor, © Associate Professor, ¢ Professor, Department of Orthodontics, School of Dentistry and Dental
Research Institute, Seoul National University

Corresponding author: Young-Il Chang

Department of Orthodontics, School of Dentistry, Seoul National University, 28-2 Yeonkun-Dong, Chongno-Gu, Seoul
110-749. Korea

+82 2 2072 2678

nusma@freechal.com

Received August 4, 2005, Last Revision December 6, 2005, Accepted December 8, 20056



