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B E9| cutting fluteQ Z0|
SEHO]| )

2 A= self-tapping screwe| S&A Tx0l cutting flutee Zio| 2 SHEef #sfof w2 oy AZHES| AE
HA E3E dlusi27| s A= Ack 2F, HF, 2ol & pitch & CHE =Z10] 2F SU3tD cutting flute2
EfOt Ci2 M 72| 0|y LZMEE ALESIUCHAT; 2.6 mm Z0[9f flute?t HAE 1F, BT 3.9 mme| Z0|0]|
M AMYO| futeE 2= 1F, C; 3.9 mme| Zo[o[HAM LMY futeE 2= 1F). 2LEE LU 37|
of A& clZ3=(Sawbones Inc., USA)S AlEston, +&& & METE s 57| sl #34 E3
7|5 o|8atoict 1 2o Ci33 22 ZES ¥Uch & MY M2 2 mm TS TAS A[HM= M 2
of Xto|E 2Oo[X| koLt 4 mm FH Ol LAZ A[HME= C2 > B2 > AZ ©22 B2 ¢ AZte 2ot
of & E3= 2 mm TS AJHOM= AZ0| CHE & 2ol H|a =2 42 Z0[Lt 4 mm FH 2 TEZ AlH
= CZ > AZ > BZ ©2Z =2 %2 Zch 2t M E3= 2 mm FHQ| ZEZ A[HMAM= Al 2 Ato]o
o[7b glLt, 4 mm FHo THZ A[HOM= CZo| CHE F 2o dls] =2 2S ZoiFUch oj4e Zxntz
ot MAZ0| £ FLlof ojy AZHEES Age A2 cutting flutee| Z0| I SHef ESH T295t0{ oy AZ2H
= Mefsts 240| HlZHEShch (CRXIZEX| 2009:39(2):95-104)
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o AAEAES HolEE Y JZUE
FgAel T4 IS 1A F Aok sk
%% U JEAES] BF Yano ] Aol
HE A7 T A4S 2 Bio] gA,
24 3312 Tt Y AEAEAAE 495G
My QEAE} 95Fuct felsivhn sk
Song 9] AN 957 vy YFWES} E
22 7bg ol 45A17)E tAQlelr, Sl

SFe weldE 953, AT FAL R

oF 917, do|7} BF EA gl 9 FAT, 4
H B3 7PY 2 9= vIX= A 97, FH
Aol olgkal stk

Y JdENES] AA, o], Peif Foll e b
A7} o] Fo AR self-tapping PlH AZHE
AA G221 cutting flutee] gkl ot A
o] gt #-8 = YAl(bone screw)ol] T2
A8-%] = pretapping screw FES] Bl AZ M Eo
AMe Py AZFHE 27 Aol drilling ZHgo] F4
Zollet cutting fluteZt F/JE  drill-free =&
self-drilling screw ZE]o] WY JZMEg A= drill-
inge] EZe3slA IAE"® Kim & drilling
THT drill-free 2] MY JZHES] H YA
olg}x st o™, Kim® Choi’' = drilling w°] T
=S A8 Heltka a9t Ansell#} Scales™S
self-tapping screw”} pre-tapped screw®l Blal 44 &
A+ S, pull-out strengthi= THaL 3 ¥FH, Foley
52 & Alolell dgtAel 549 o7t glvtn
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AT & WAL cutting flutee] Zol9} T sl
You 5 2-fluted ¥} 3-fluted 7+ Abololl i 4}
A BTV} Apo]E Holx] Fethal 3 W) Evans
e fluted] 7 F7HEEE A ESE HAs
o, pull-out strength+= Z7}8thal 3} T} Yerb
B2 cutting fluteS 2He vy YZNET}F AFYL &
o] BFA| 7t full threaded screw®l] H]3}| holding power”}
okatrta et om, o] A<l cutting flue] FE=
237 Aol goldtn, AdxZ AFS FHAag) e
), Hdle 28-S F3 T F = e o5k
T & cutting flute®] G=oF ZolE 2elsto] A3
gt AR flued] 7o Zol7f SMEFE 2A7/9
Aol golahH, Hagh Al 7 ]9 fluteE 7HA
ofF 21§} Il YER= bone thread®] B7H7 &
F agleto] 23/ o] Frhektta skt
Wikenheiser 50 tip $-91¢ dej7} th2 5749
cortical half pins ©]-§-3F A3 ol|A] &2 cutting
flute”} 2] 2] cutting fluteol] ¥]s] & TAJo] 2
3 A EAvy gomz muld) o g&7oldn
sttt

Ansell?} Scales™, Yerby 59 &=¥#-olx ALgd
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A B9 cutting fluteS A 3k=
SHAI R & vy dEHEE FE 2.0 mm ©]

=
H
ol wpeba 2 A= @Y cutting flutec] 4] 2
o] & FEgle] H3le] WE nY] dZHES Ay U
AA A ztolE Lol izt siTh

61.45 61.45

Type
Measurement
A B C
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 26 39 39

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

96



Vol. 39, No. 2. 2009. Korean J Orthod
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BN

94ﬁ(1 45 mm), Zo](AHE 6.5 mm) 2 pitch (0.7
mm) & UE Fxo] BT FYUg Ti-6Al-4V ELI
(ASTM grade V) 2712 w34 vy = E(Bio-
materials Korea Inc., ACR system, Seoul, Korea)E %
607 AH&-3tATE WY AEZME tipell A F-E Al 7H
9] threadol] Z*(Z2°] 2.6 mm) flute”7} F4E mlY
ZHEES ATFCE EF3519 3, O 7Y thread
E3reta A (2ol 3.9 mm) A9 flues Zte
AZHEZE B, T4l 719 threadS E3HebH
0] 3.9 mm) FAE flueD 2 L) A=
C:‘_T_LOE oA (Fig 1).

B wolel We 9T A % U] %
1 AR Slal FLS FUES A E 4
£ 91F¥=9l Biomechanical Test Block (Sawbones
Inc., USA)< ©]&atqieh 219 F9lo w& 4=
o] zto]l & A &A3}7] 913l E-Glass-filled epoxy sheet
o] A= T 7= 7hEsile

lﬂ'l = =) mlm 1'.1
L m
ruL

mlﬂl m\l

mﬁ

2.0 mm, 4.0 mm

Cutting flutet]| 2 AE Y HH EZf H|w

o, HFS A7) sl AFES solid rigid pol-
yurethane foam®l| acrylate bond 2 F-25}$ T (Table
1).

‘g9 qusee 2ads 2 5 we
E = A& 7](Biomaterials Korea Inc., Seoul, Korea) &
O]_Q. e /\1—01 il Zﬂﬂ Al ETE L__’xq oz = =
ottt (Fig 2). A4z S veolHe Azt
o & B Wslgoe g wAske] 4F¢) AIRE Bl
B3 A LotE F U=F Sk

o>

Fel E3 A|g(Insertion torque test)

E= AJ@719] bladeol PlY HERNEE A4S
“ts] G H QlFE AlH FHoR gER
sto] F 33149 e S ARehaA] F5F
B Z 2 33 (Quick DataAcq, Data Translation, Marl-
boro, MA)Z ©]&-3f 0.1% G2 EF g 7|= }
Aok AE G EE vy dZANE TR =

218 114 kef2 L FAEHNeH nE u]
Y AZNES] A7 ZolE A5 stvl #sl
0.01 mm7MA] % 7153t dial indicator depth gauge
£ olgaisith Q@ HlY AFAE e 1AL

o

Table 1. Mechanical properties of the biomechanical test block

Alternative test

Compressive

Tensile

Density (g/cc)

medium Strength (MPa)  Modulus (MPa)  Strength (MPa)  Modulus (MPa)
Cortical bone 1.7 120 7,600 90 12,400
Cancelous bone 0.64 326 876 19.1 659

Fig 2. Torque tester (Biomaterials Korea Inc., Seoul, Korea).
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2 10 mm7t H =5 Sim vy JFUE dp 3
Ho 2 10 mm ©o|Ate] &3 FHZo] Y= 3
Aot gA&E FAL flute TIARIS 2|8 oA 7}
Aol zFWE 7tk 10449 vy JENES 4}
U3tHA F= AY Alsec) E HU A4 EA

(Nem)E S 3HA (Fig 3). ol A B3 WA
Bl Nagb o Jeh = Hue B3 Ao
stglon], & Akl AlZke A 4 E2sb ek
Q] ATz Bl ae T

M7 E3 Al&(Removal torque test)

e
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A9 o7t 7P ‘rr/\]'@ 578 Py
st A AA EANem)E 5749
AA i vy AZSHE AA 2 T
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Fig 3. Graph showing the definition of maximum in-
sertion torque and total insertion time.

CHAImHX| 392 2%, 20094

2 AA BEA AFA ALttt nY dZHE
9} blade2] o] X =F 2H 3 T WEAIA W

go g §9 331de S22 AASAA 0.1% T
2 B3 g ST (Fig 4). ol % Urﬂi?ﬂ B2E
ny AZANEEE AAHACH AAL vy A&
HAEEL BT IS & 5 U= 1Y dZHE
tipo] L} thread®] W3 o] gl=A] ERlstr] sl &
& n| 7 (MF-A1010H, Mitutoyo, Japan)< ©]-&3le] 5
Hj&= ATt (Fig 5).
SHEAM

ASA 52 SPSS Z2 RS o] -gato] FA5HA

T} Flute?] tx}Qled] wE g5 doldr] s
ANOVA test2 A8l om, ALE 7% © 2 Tukey’s
testS A a3t}

20
o

i
B
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Sec

N cm

Fig 4. Graph showing the definition 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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T=oAe ATe] e F Zoll HlEl =& e B
ATM RO} (Table 2), 4 mm FA|9] HAEFS 2t= AF
oAM= CE, AT, BT €22 & EA S B
= & AlZKTotal insertion time) dom A I8 7t Hole nE EA AT &
°5}4 ) (Table 3).
Y JENEES A-Hstr] Alzksto] Aol A E
o o] 27]7kA 9] Ak 5% ¢ A7 2 mm
o HdEZ Zte AF A= Al T 1ol TAA ,
o2 91 oS Hold YA b D, 4 et
FA9 AAEE 2t ATZAME AT BE A 8 400
olol & FAITA C® Fol g Ao|7} gIAAIRE CI g
o] rly JZHEEL & F Lo B35 FolsitA = 3007
% AF ATl @SATH (Table 3). HAF FA2
mmol|A] 4 mm=z F7Fgol| w2 F A AlZte] ¥ 2
she ATAN 71 2 2718 Bwen, ceeld § 100,
7 A S7HE Bl (Fig 6).
° A ' B ' c '
Z|Cj A E3(Maximum insertion torque) Type

ol o 4% B = o - Fig 6. Total insertion time for each type of mini-implant.
Y AEHEY AY Y F UEhde Hol B Type A, 2.6 mm long flute; Type B, 3.9 mm long and

g vwe 27 2 mm FA9 gdES e <l straight flute; Type C, 3.9 mm long and helical flute.

o«A il

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

Type
Significance Tukey
A B C
Total insertion time (sec) 2535 £ 7.0 262.3 £ 13.0 2526 + 13.7 NS A=B=C
Maximum insertion torque (Ncm) 23 14 187 + 15 189 £ 1.7 * A>B=C
Maximum removal torque (Ncm) 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 3.9 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)

Type
Significance Tukey
A B C
Total insertion time (sec) 4450 + 429 4197 + 425 3311 + 256 * A=B>C
Maximum insertion torque (Ncm) 170 £ 09 156 £ 1.3 196 = 0.9 * C>A>B
Maximum removal torque (Ncm) 100 + 16 109 + 15 146 + 16 * C>A=B

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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Z|tf M7 E=Z(Maximum removal torque)

Y QEAEe A7 7 F dehe A =
22 vwd A7 2 mm A9 JAZTLS 2E 9l
BRIAE A # ol §r2l 8 W Aol uol

93kt} (Table 2). 3FA1%F 4 mm Tmu uAZS 7zt
= Q1FE AHoA = Cto] ThE F el Hl&
ot =& E= S BT} (Table 3). AAE 1
Y AFHES A5 o] &3t #A3E A} of
H rUIZHENME EF JS & F UE
oy JZHE tipo|L} threade] M2 Tzwx] ¢
Skt
IF

2 =7 o] & Al TR Py JEHNESS
25 Ti-6Al-4V ElElg 5o 2 AZE Q.o cut-
ting flute F--= A <3 Th2 ZE ﬁi%% S kcls
e & == A ZFsto] cutting fluteThe] W42 2}
BotE S FSlTt Egk 21| Hﬁ«] Hds 57 2
%“a‘:e TdsHA ab7] Qi AEL AF=e
AHg-819ith Koistinen 5778 @ o] #slo] uja}t
A EZVL Wgkste] yolrt B Al ET F2

*}%"oﬂ/‘i O 52 Hd E3E Htky a5lon
Seebeck 57°¢] AL FUET} =SFE pull-
out strength”} S718thal B skt o] At
A}4-¥ Biomechanical Test Block (Sawbones Inc.,
USA)E Az d9at= E-Glass-filled epoxy
sheet®} 2ol allF3t= solid rigid polyurethane
foam< acrylate bondS ©|&&ko] H-2ek 7 o= A
/\]Xﬂ o17te] FHU L 01:7]-4 x]-o]b o]x] 1:1]- ==
7} dste] QI7F cadaver Al ET 1 AFRE ¢
AEE F olom, 22 9 Bto] golsith= A
o] It} Deguchi 57 3D CTE ©] &3 7] I
Az T Be AFelA et A2 H
9 ¥= JAF FA = 247 HiT 1.8 mm, 1.5 mm,
3t ZH7} 1.9 mm, 2.0 mmetal 3112 ANS F-
o] MAF A= P 3.6 mmeki 31t} Liou
5% 3D CTZ ]85} infrazygomatic crest -9
o Jd& FAE S48l en, 1 23 wEH
of et A9 Ztel me} F3f 5.2 mmol 4 8.8 mm
A B SIS} webd ol el

= T2 A% Rl BE DB T Rol B
xﬂéﬂ_o}ﬂ Q& A Zd| s Fsl= E-Glass-filled ep-
oxy sheet®] F71& 2.0 mm, 4.0 mm ¥ 7[R 2 7}

100
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slGlth ¥ =RdAE B 752 B AIRVE

|88ttt 71Ee =EEdA= torque driverE
0] 83} manual methodZS ©] &3t wat A&
9 e o] A Fol Ao ARA FHI} o
Aoy 752 BEA AIFVE o] &= dF
g I HEEG ipm) et T2 (114 kgh= FAE F
UL, oldl wet Aol A dET 5 U
.

1:1]]4 O] BHE Nal /\] /‘\:}—
A A9 HHolA my AEFHET}
skA] ®atal sl=w AUt Bohe A @ :
o]& Yerby 5] 3t A njy JZHE FH
o] FAZd FAE bone threadE v}IRA|FA 1Y
AENECS} = AWAAN FF WA FAA7]E
2 1Y JEFWES] Mg E "olEg = BHE
7HA A Ho & Ad Ay 9dE FA7F 2 mm
ol QlFZ AlHA & A AT A, B, C Al &
Atole] BAIACR foldd ek ato| & HolA| &
oy 4 mm FA9 HHEAZFNE Col tHE
2} Blaste] F AMY AlZto] wig- #e o=
Eluton Baro] Aol HE) tha &2 F A
e JERIATE =S 2 mmollA] 4 mmE 9F
FAZE 57t W el F A AlRbe] 7 A
7Vt om, Aol 718 AAl 71Tt (Fig 6).
olegt A= wdZo F7 F7F Al cutting flute
dolot Pe7t BT F AY At dFe &
At AL ouigitt. S AT cutting flute 2 ©]
© 26 mm= 2 mm T/ JA=E A= el
= 283 Zolo|X|ut 4 mm FA JHAZFE B
sl7)dl= ettt & ¢ 9t 1o ¥k BT
CT9 cutting flute Z2°]= 3.9 mmZ 4 mm 742
d=g FHsldE FEe Hololth ot
Aol zto]Z Qla 2 mm FA] A=A = Al
o Arolof] Z zpolE Holz| AT 4 mm F79]
Az e AT F AY AlRte] 78 2A v
Ehd Ao= "37-}5“:1' TS 4 mm FAC] FAZ
A BT Cel F AP AlRro] Zpolrzt v o]
= uttlng flute 2] “531:4] o220 Aoz AYztE) =
Y AZHES 233 wf 2148 cutting flute ol A]
+ bone chip©] —f—‘ﬂc}, e e R A EE ubd,
2 A9 seo 2 PAE WA E cutting flute
£ tipell A 23H OE-J AZo] H=29] bone chip®]
Aol A7 Aoz Wals e w9 ol
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o] t] &olsirfaL % Atk mEgk W39 cutting
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AgHot ¢ E’-Ui(bone chip HiZ&3te] ¢ 2=
) bone chip®] #jZ©] B &o|sto] olzig A3}t
e Zlo g AZtHET

A A Ede vy dEHES] 271
FEFE A= 84 F Shelth YF w2 A9
B3t bgAol gl W YR e EaE g,
7IAA e m F HAAE opleAY wY dF
HES S op|E = Jlona A Ay B
A7} 279tk Motoyoshi 5°'o] Aakel x| Hoj
Y AEFNEE A ek A4 5 - 10 Nem
o] A9 B3} 7P vl st Bk bl glo
U A3 olzEol BAo Az o7te] b= o}
27] ol A% AhE TS o] &3k A
Ao AAg A B gk A7t FHA R
o] Fojxo} 3t} E Ay Ay} HAF
mm?] Q1FF A|HNE AT e F ol B
=< Hd A EZE YERITE 2 mm 719
Ax‘ioﬂ/ﬂ Al ] F AR AlRto] HlSstEE A
Y JEHES} ¥ 2] HF A4 v =g A
o7 oddnh wabA ojH g A= A9 bone
chip Hl&-&7te] B2 F ol Hl3l] 27] wj &£l A
oz A7Et = 2§ FellA] FAE bone chip
o] ME=A] ot vy AEME tip Tl 7
o] ny JdEFWHES] a2 Welstr] witel 4
Y EAt ke Zlolth 4 mm 719 FA =
AMe el 7HE =2 HAd A EZE YER
th ol vy dEAHE Ao A o] 35 A
I o] e F o R HRIth 5 4 mm 779 I
AZoA Cot2 & F ol vlgl] F A AlZtol
gowvz FPrt 74 glo] AY FHo] AL 2
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1@ otk ek FH gl ST 45 1A
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A UM ‘Q%%Ei st = sl & Al A
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Cutting flutet]| 2 AE Y HH EZf H|w

HIRAE ol W7k =3 o sigith ot
2t Py JZWES] AL QlojA PdHow

71 Fad a4 AU ANY E3RTE A A
A Edgta & ¢ vk 283 Ho AA ERs
Y AEMES} I AW Aol F WA <3

43 g ogz‘sok% teth 4 FA47F 2 mm?l Q)
AA BE3e A iL ﬂoﬂ Aol 7k

AATE ]% *—.% oA mlY dZHET} &
HA t‘“@ & 4= 9) = bone thread ] UbJP Al o]
A B H)Ssh] wliEo 2 AR SHAIRE 4 mm

TWM HAEAM = Col & F 2ol Hlg =
< A AA EZE HolH, AT BT Ao At
ol BAAR F9ie] gle AR YENIT C
T2} B9 cutting flute 2 0] 7} AL w EFstn
A AA EZ7} AfolE Kol = YoM

A )50l cutting flute2] Fef wjE<el Ao w Yzt
5
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—
>~b
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ZHES} o] H=H ‘?_:]_Z:]lo] Wolx A olelgt Az
7F e Ao yziEc)

2 AT Ay 9gdE: FAVE S71E 7§ cutting
flute®] Aol B Fef 3k 4y 9 AA EF
s F T Udtde A & 5 AUk wEkA ANS
U infrazygomatic crest®} #o] FAZo] T HF
Aol Py AFHEE 29T A folle vy dF
HES] AE A] cutting flute®] ‘O] 2 g T3k 1
2] =] oo} gt 0}7‘]“} ol 4
AN AP JTh=
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dAE ciel 7H &2 F A Alkbe B3le
U:] \:]-‘Q-‘Q_i BE’, AT —rO] \q-

2. A AHY EAE Hlwal] EE ® 2 mm T
NAZE 2 AFF ARGNE AT T

‘91 =22 =2 t‘

2 5 7o vHldl =L #e B o, 4 mm A
o] HAZGME CF > AT > BE o7 =
& e Hth
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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)

Key words: Cutting flute, Total insertion time, Maximum insertion torque, Maximum removal torque
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