ORIGINAL ARTICLE

udEE 04 EH
AEHOl [HE AE

2 7= self-tapping screw?l SEH =9l cutting flute2| 20| % &
R HA EIE Blwel 27| s Al EUch 20, g, Zol ¥ pitch & CIE

BHE 9| cutting flute? Z0| L

Janl
il

r

e

= O

YEIT CIE Al E/9f 0|d AEHEES ALSFACHAT; 26 mm Z0[9| flute7t HAE 35, B2 3.9 mmel Z00]
HA HMEY fluteE e 28, CF; 3.9 mme Zo[o|HA LIMEL| fluteS ZHE 18) 2YUTE FUsH 517
Pl HeE ol==(Sawbones Inc., USA)2 AlEstdon, £X3 3 XA TS YYSIA 517| Yo 754 £E2
AlR71E ol 85toict. 1 23} o231t 22 ZES Hch & MY AlIZE2 2 mm A HAB AHNME M 2
2ol X0l & ZO[X| oL, 4 mm SHe TS AlHOME CZ > BE > AT £08 %2 40l Ajzke 2gch
Zf ool 23 2 mm T AlHOME AZO| CIE T o Bish &2 342 20[L} 4 mm T2l ZEZ AlHo
ME CZ > AZ > BE £2=2 =2 2 2ct At MA E3= 2 mm TAS] TAZ AlH|AE Al 2 Atolof
Ao[7t oLt 4 mm FAe TEZ AJHOME CR0| Cl2 F Zof dla) =2 S 2oiFUct olAle| iz
2ot ZE=0] FHR Folof o]y AZHEES MEE H2 cutting flutel 20| 2 el £o T3l o[ L2
EE MEste= Zof di2ta st (INX| 2 AKX 2009;39(2):95-104)

F2 B0 Cutting flute, & & AlZE Z[ty E3 A A EZ

ME

Kanomi' 9} Costa 57l <]a Elebs gl vy
AZNEI 7 ZHLeE AFRE o, thdat
TR vy dZRES wHA R ol gx a1 9l
ok Park 502 2277019) vy YZAEAA 91.6%

o] HFES B3l .om, Moon S7& 4807]¢] m
Y AdENEAM 838%2) AEES Basgrh &
S Kuroda 5°& UUZP ol Ecl|A] 964%, 1.5 mm
273el v AdZFHENA 83.9%, 2.3 mm WY ¢
EWMEAA 85.0%2] JFES B89 2™, Cheng

PR, PRI AMORET (TS mASDAL

WAIXAE: QM E.

BTA ST MYE 421814 ZMOjSHT A IfcHsF @ESHIA,
062-220-8876: e-mail, shiim@chosun.ac.kr.

HIOYTY: 20085 88 54 / A OAESFY. 20084 102 302 /
RIOMWES. 20084 118 22
DOI10.4041/kjod.2009.39.2.95

0] =22 2008EE AMUED ShegTHe XS wWop BPES,

E 1407791 A 89%
TEoA vy o

2 s, o)d
oe) 43 Ee] 4B VAE arun B9
4, A, 27 79, 49 A4, 49 4%, 6y
AERE F99 43 77, 4 WY, A2
Ae)® ol AAHdoM, 11 F 47 Pele] 22
3 v JEAE Fe] 4% 47 ol TR 9%

a3 g0t You 58 93 2R
0.8 - 20 mm #4749} 132 n|Y
sto] F2 vy JEMES] A
height, cutting flute design 5°] 32 Z Wellxe] v]
YEUE 4= 3 G890 4FS +

sttt Kim §2Pe vy gEdES] A% 7
op7f AE At R AA BEAVF A WEh,
74 vy JdENE} dEPEY ¥ 2 EA
& Hlvkal kit 3 dual pitchE 7HA = ¥ E

]

moe N BT

i

95



¥ 1
=
ol go,
o M
2 £
re [t
-
3
>, e
H OgﬂL
o, &
4 1%
o S
A Jeo
ik
ke S
it \‘_\j‘
e
{m o
3R
m & e

s

o U

o i

Y

R

)

g

g

_o,

Ty O

o[}

l,

N

fr
o o

5y

ro

o

&

Mo “

do il

2,

— oo

= ¢
= 4M

o
-

X,
_o‘L
_\'L
l:l
ol
2
o
=
5
o[i
o
=
Roges
e “%

= ol
gg r
ol
lg o
ofl

> & ool

ofl
2

k! EﬁOﬂ 7}1
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HA Tt self-tapping WY A=

cutting flute2] <33kl o gt
AT 2198 & YAKbone screw)ll
}%Q + pretapping screw FE|] WY < gaﬂzoﬂ
A vy JERE Y Ao dilling 2 0] H4
Aol cutting flute?} FAE drill-free =&
self-drilling screw E]2] MY UZHE A+ drill-
inge] B oA HAE"® Kim 5L drilling
TEY drill-free 2] 7Y AEHEEC] 1] A
olgtn &9lor, Kime}t Ch0121‘: drilling w°] ¢
=2 A&g 2t 34 ch Ansell#} Scales™ &
self-tapping screw”} pre-tapped screwell H]3l 4 E

—l rﬁr%_ﬂ
i U gete)

A& Y3, pull-out strength= ¥} g ¥HA, Foley
57 & Aboldll gkl 549 o)} girk
Type A Type B Type C

6.5

3.1

0.8

8.9

61.45 61.45

1.45
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stttk & YA cutting flute®] Ao 9} T ko]
You 5" 2-fluted 7} 3-fluted 7 Atolol] i 4}
¢l Exy) xlo]E Holx ZErtn 3 ¥bH. Evans
:240 flute®] 7} S7HEF5 A4 B
S7Het 3 Bt Yerby &
cutting flute® 2= WY AZHETL 4AFYL
] 3FA| T full threaded screw®l]l H]3} holding power7}
oFsltlar 1) o, o] 329l cutting flutee] FE=

1, pull-out strength=

250

2AF Aol &oldta, dxd A5S Hassh
o, Hd9 FAEE 23T + e ?ﬂﬂﬂ'—l— e
o} Z1= cutting flute®] 9 Zol& 3l A9

& A3 flued] G Zol7t %ﬂ%‘i‘r% 2379
Ahdo] golatm, Hag Al A o] flueE 7HA
of A9 oA LJEIE= bone thread] SRS
FAislele] 23/ o] FrHEtta ik
Wikenheiser 5°2 tip =99 vl B& 5749
o]-&-g AF A W& cutting
vl g wajo] 2
Bzt yona Hws]  Z&Aolzta

cortical half pin-g

flute7} 21218 2] cutting flute ]

a1 AH

0} PA

Ansell#} Scales®, Yerby 579 =R-ox] A}-&¥

23%v= FPAEoZA, T AA0] A3 A
A B49] cutting flute S B4 a'\—‘:‘ Aol 71=3).
sHAIRE w8 mY AESHE ﬂ%—“%% 2.0 mm ©]

3le] AR IR EZE gcrew t1p-4 R TA
2 g o -r«] cutting fluteS FA 48}{— AL o]H
=3 w}a”ﬂ E AFo|M = &Y cutting fluteol] A 2
o] & Fejo] Wsle] ME nY] UFHES] Y ¥
AA EZL] Zo|E LolH A} 31t

External diameter 1.45 1.45 1.45
Internal diameter 1.0 1.0 1.0
Length of spiral part 6.5 6.5 6.5
Pitch 0.7 0.7 0.7
Length of cutting flute 2.6 39 39

Fig 1. Three types of mini-implants used in this study (unit: mm).
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o1
A=

947j(1 45 mm), Zo|(VAME- 6.5 mm) 2 pitch (0.7
mm) 5 OhE o] BF FUI Ti-6Al4V ELI
(ASTM grade V) 279 w38 miy] 01231415(]310_
materials Korea Inc., ACR system, Seoul, Korea) S &=
607 AHE-3H T PlY JZAE tipol A1 3E] A 7Y
9] threadol] A (Z 0] 2.6 mm) flute’} FAE vy
YEHES AT CE BF5s9 3, oA 719 thread

Z3tsbH (2 0] 3.9 mm) AAEH flyed 2t
Y JEREE B, Ol 719 thread S E35PH

°] 39 mm) YA & 2] flueE 2k vy A=
EE Ctex E/ReIAY (Fig 1.

A Fololl e AAZe A 2 FUro z
ol& AAS] Y3l wdd FUEE = A
€ ¢1F=< Biomechanical Test Block (Sawbones
Inc., USA)y= ©]-&3813t) 23 H9o] up= mxd
9] atol & A&7 Ya) E- Glass filled epoxy sheet
o] FAE 20 mm, 40 mm T /1A 2 s12Eel o

Cutting fluteoi| & Ml X MAH EF2| Hlm

o, =2 AAs7] 3l AHE-g solid rigid pol-
yurethane foam©ll acrylate bond% H2F8}SIT} (Table
D).

A3 I ALEw $£HHE
E= AlE 7] (Biomaterials Korea Inc., Seoul, Korea)Z
ol-&ste] A4 B AA A9 EAE dHHoR &
oAtk (Fig 2). A58 0.2 249 volH= A3t
o e 30 Wale T Tk 4 AT Y
EAE A dotEs F JEE AT

2 T R

>

el E3 Al&(Insertion torque test)

1)

E= AlE719] bladeo] WY UFHEE AR
T o] nE QTE AHd fRog YrE

|

ie)
k)

Bof £ 35140) 298 SR Hgsd A7
Bl 2 73 (Quick DataAcq, Data Translation, Marl-
boro, MA)S o] &4l 0.1% w92 B3 3+ 7| &35}
AT 29 AFED v QEAES A -
A4 8 114 kef2 LA oA FAEQoH nE u]
Y gEdEel A% 208 9yl 1 A
0.01 mm77}7\] =% 7}-53} dial indicator depth gauge
£ olgasit. AR o AFAE 9] AL

Table 1. Mechanical properties of the biomechanical test block

Cortical bone 1.7 120
Cancelous bone 0.64 326

7,600 90 12,400
876 191 659

Fig 2. Torque tester (Biomaterials Korea Inc., Seoul, Korea).
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4 10 mmrt H =5 8a vy YEME dp 3}
o2 10 mm ool FEF AW Fo] YEFE )
At 9AE T8 flue YARIS S A4 7}
Aol 2FE= 247t 107149 vy JEAES 4

B F A ARMsec) D Aol 49l B3
Nem)& 573300t (Fig 3). Al AHY B3+ vt
b AREE B vdehve Ao Eaz R
ataom, F AkS) AIZEE A A9 E3 vepd
7 =1 Ao = A oletsitt.

M7 E3 Al&8(Removal torque test)

7 zgdz 498 10449 vy JEas
A” Zolrt g fA 79 Ay QEuE
Agstel Ao AA EANm)E 2B F
AA B2 oY QEAE AA HE Z Uepte
Arjel £z Psgch UF 27 498 vy

AEHEE A A7 B2 92 & F o

o ofy

35 7
30
25 {i
20 1 'm
§ 15 —__Maximum insertion torque £
z P
10 S
5
0 5
e
-5 T T T T 1
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Sec

Fig 3. Graph showing the definition of maximum in-
sertion torque and total insertion time.

CHX| & X| 393 23, 20094

2 AA B AN ALsitt vy JEIE
<} blade®] 30| AA =S 2T F WAA F

goz B33 £E2 AASEA 012 T
2 EA 3 T (Fig 4). o] F vmA BRE
Y AZHEEL AAHNCH AAE 1Y dF
HESL2 EF0 932 & F e 7Y 4EHE
tipo] 1} thread®] W&ol gleA] &elsir] e 3+
& v 7 (MF-A1010H, Mitutoyo, Japan)S ©]-&3la] 5

&2 BT (Fig 5).
EARA

AZAEL SPSS T2 1AWE o] &ato] BEABIY
t}. Flute?] AR WE E3E Polrr] 9Js)

ANOVA testZ X383} o1, AL 7% © 2 Tukey’s
testZ Al P sFA T

201

15 M
10

N cm
[4,]

[T

-5 T T T T T T 1
0 20 40 60 80 100 120 140

Sec

Fig 4. Graph showing the definiton of maximum re-
moval torque.

Fig 5. Microscopic evaluation of removed mini-implant to check for any distortion of screw tip and threads. Type A

(left); Type B (center); Type C (right).
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TEAAME ATl UE F 7ol vlg] =2 3SR
o S| Ao} (Table 2), 4 mm FA9] HAFE 2k 9F
oM CT, AT, BT 28 B2 EF & B
= MY AlZHTotal insertion time) Fow A 2§ 7] Aol Y EATGA o Z &
23191t} (Table 3).
Y ASHEES At Aldsle] A 4kl B
el o271 7R 9] A ZFE 23 A 2 mm F7
o HAFE 2 QA F I E A 2 7l EAA ,
02 )3k xJo]E Ho|x| ST} (Table 2). 4 mm 5007 m= 2 mm cortical bone
T AAEE 2He AFBANE AT BE A3 4004
ole& FATA R Fo3t Aolr}t AAT ¢ T-E?
o vy JEAESL G2 T ol Hle) feleh) £ 3997
F A Aol @ATH (Table 3). HBE FAL2 £,
mmol| A 4 mm= F7hgke] W 2 Akl A|zhe] W 2
sh= ATOIM 7 2 2712 Bolon, crdlA & 100
7V A Z71E BiY (Fig 6).
0 T T ——
A B C
zZ|th &% E3(Maximum insertion torque) Type

Fig 6. Total insertion time for each type of mini-implant.

Y dEAES] Y Y 3 vedE A B Type A, 2.6 mm long flute; Type B, 3.9 mm long and
25 ¥wd 23, 2 mm A9 HAFE 2tE 2 straight flute; Type C, 3.9 mm long and helical flute.

Table 2. Mean results and standard deviation (cortical bone thickness 2.0 mm)

262.3

Total insertion time (sec) 2535 + 7.0 13.0 2526 = 137 NS A=B=C
Maximum insertion torque (Ncm) 23+ 14 187 £ 15 189 = 17 * A>B=C
Maximum removal torque (Nem) 134 £ 14 123 £ 14 128 =+ 14 NS A=B=C

Type A, mini-implant with 2.6 mm long flute; Type B, mini-implant with 3.9 mm long and straight flute; Type C,
mini-implant with 39 mm long and helical flute; NS, not significant; “Statically significant, p < 0.05; Significance
determined by Tukey's test.

Table 3. Mean results and standard deviation (cortical bone thickness 4.0 mm)

3311 £ 256 * A=B>C

Total insertion time (sec) 4450 £ 429 419.7 = 425
Maximum insertion torque (Ncm) 170 £ 09 156 + 1.3 196 £ 09 * C>A>B
Maximum removal torque (Ncm) 100 + 16 109 + 15 146 £ 16 * C>A=8B

Type A, mini-implant with 2.6 mm long flute; Type B, mini-implant with 3.9 mm long and straight flute; Type C,
mini-implant with 3.9 mm long and helical flute. Significance determined by Tukey’s test. “Statically significant, p <
0.05.
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foam< acrylate bondE ©]&3le] R&E Ao 2A
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ORIGINAL ARTICLE

Effect of cutting flute length and shape on insertion and

removal torque of orthodontic mini-implants

Soon-dong Yun, DDS,* Sung-hoon Lim, DDS, MSD, PhD"

Objective: The purpose of this study was to evaluate the effect of length and shape of cutting flute on mechanical
properties of orthodontic mini-implants. Methods: Three types of mini-implants with different flute patterns (Type
A with 2.6 mm long flute, Type B with 3.9 mm long and straight flute, Type C with 3.9 mm long and helical
flute) were inserted into the biomechanical test blocks (Sawbones Inc., USA) with 2 mm and 4 mm cortical bone
thicknesses to test insertion and removal torque. Results: In 4 mm cortical bone thickness, Type C mini-implants
showed highest maximum insertion torque, then Type A and Type B in order. Type C also showed shortest total
insertion time and highest maximum removal torque, but Type A and B didn't showed statistically significant dif-
ference in insertion time and removal torque. In 2 mm cortical bone thickness, there were no significant difference
in total insertion time and maximum removal torque in three types of mini-implants, but maximum insertion torque
of Type A was higher than two other Types of mini-implants. Conclusions: Consideration about length and shape
of cutting flute of mini-implant is also required when the placement site has thick cortical bone. (Korean J Orthod
2009;39(2):95-104)
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