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Effect of cutting flute length and shape on
insertion and removal torque of orthodontic

mini—implants
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ABSTRACT

Effect of cutting flute length and shape on insertion

and removal torque of orthodontic mini—implants

Yun, Soon-dong
Director : Prof. Lim, Sung—hoon, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

The purpose of this study was to evaluate the effect of length and shape
of cutting flute on mechanical properties of orthodontic mini—-implants.
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. 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 difference 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

- iv -



was higher than two other Types of mini-implants. Consideration about
length and shape of cutting flute of mini—-implant is also required when

the placement site has thick cortical bone.
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self-tapping screw”} pre-tapped screwol H]
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1. A7 A=

7 (1.45mm), Zol(UAFE 65mm) 2 pitch(0.7mm) 5

593 Ti-6A1-4V ELI(ASTM grade V) £#¢] 4
(Biomaterials Korea Inc., ACR system, Seoul, Korea)E % 607] A&3t
o oAy JERE tip°1]/~11'?—E1 Al 7H€] threadell AA (o] 2.6mm) flute”}
FAE vy JEFEANEE AT o= EFsAaL, A JH9 threads *E37stH

Aq(FEol 39mm) HAAF fluteE Zte vy JFHEE BT, A 79
10]
1).

th=
&

threadE XZg3stAA(Zo] 39mm) HAHAH ] fluteE 2t vy AZFHEE C

T o2 7o th(Fig
Ay B & yHze FA 2 FExol ZolE A ASY] & Y

3t 2UEE VA= A¥E AdF=2 Biomechanical Test Block(Sawbones
Inc., USA)= o] &3ttt A& F9o W& A= Aol& Adstr] <
E-Glass—filled epoxy sheet®] F74E 2.0mm, 4.0mm F+ 7[R =2 7}F35 2
oS Adsty] 98l A8 solid rigid polyurethane foam®ll
acrylate bond= F %3} tH(Table 1).

A% 3SR} FAYE e 75 EHA EA A 7](Biomaterials
Korea Inc., Seoul, Korea)E ©]&3to] A 2 AA A9 ETE AHFHo=
=743t thFig 2). d&A oz SA4H dolg & At mE B Wl

om mAstel A9 A 2 Eas A4 Lol F RS s

o



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 2.6 3.9 39

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

Table 1. Mechanical properties of Biomechanical test block

Alternative Densit; Compressive Lensile

ot e o )y Strength Modulus Strength Modulus

est medium g/cc (MPa) (MPa) (MPa) (MPa)
Cortical 17 120 7600 90 12,400
bone

Cancelous 0.64 326 876 19.1 659
bone
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Maximum insertion torque
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Fig 3. Graph showing the definition of maximum insertion
torque and total insertion time.

. AlA B3 Alg (Removal torque test)

B A7 B3 A A9sgrh vy JE RS blade®] o] UX
s AT F WA wgow R4 33 HFRE AASHEA 01x
G492 B3 e SAFATFg 4. olF driA 2E vy dEAESE

tipolth thread®l WHol @A HAss As FTAA
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(MF-A1010H, Mitutoyo, Japan)
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[N*cm

20 40 60 80 100 120 140

[sec]

Fig 4. Graph showing the definition of maximum removal
torque.

Fig 5. Microscopic evaluation of removed mini—-implant to check any
distortion of screw tip and threads. Type A (left); Type B (center); Type
C (right)

3. 3AAE

A=A EL SPSS T2 e o] g3l BEAEIAT) fluted] tlA}elo] wle
595 dolry] 9l ANOVA testE Aldstdom, A AG o2 Tukey's
testg Al st



. d+4 74

1. & A% A7+ (total insertion time)

vy AEFWHES A Y57 AlAete] Hd AFY E=dd ol27]7bA 9] ARE
# 4% 2mm Tl NABE e AFBAAE A # ol B
o2 Fogt ztolE HolA ATt (Table 2). dmm 7 < ﬁlé‘g% =
AEFEolM= A‘ELTJr Bt Atolol= FAITA o2 Folgk Zpolrt glAAIN C
ES2 & F 2ol H& #FostA T A Alzte

(Table 3). ¥4 & FA7F 2mmol A 4mmz F7}ge] o}
d 2 S7HE Baen, CadA 7HE 2

2
%0,
i)

rlm L

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

Type ’
A B c p-value Tukey’s
Total insertion o

. 253.5+7.0 262.3+13.0 252.6+13.7 NS A=B=C
time (sec)
Maximum

insertion torque 22.3%t1.4 18.7+1.5 18.9+1.7 * A>B=C

(Ncm)
Maximum removal 4., 4 12.3+1.4 12.841.4 NS A=B=C

torque (Ncm)

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)

e ! Tuk
p-value ukey’s
A B C
Total insertion B
. 4450429 419.7£42.5 331.1+25.6 * A=B>C
time (sec)
Maximum
insertion torque 17.0+0.9 15.6+1.3 19.60.9 * C>A>B
(Ncm)
Maximum removal ;. ¢ 109+15 14.6+1.6 % C>A-B

torque (Ncm)

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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Tota |l insertion time (se
ny
o
[«]
Il
T

o

B | C
Type

D 2 mm cortical bone
4 mm cortical bone

Fig 6. A bar chart of total insertion time for each
type of mini-implant. Type A, 2.6 mm long flute;
Type B, 3.9 mm long and straight flute; Type C, 3.9
mm long and helical flute
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2. A A9 E=Z (maximum insertion torque)

iy dEFAES] A9 AA F Yehve Jd EAE Hag A3 2mm
FAY HAZE 2t AT ZoAE ATol B2 F ol HE =& FS w
Ao (Table 2), 4mm F7A9 IHAFS Zt= QAFFoA= Co, AT, BT
TOE B EA S BHYow A aF 3t z

2] 3} tH(Table 3).
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3. Y AA EA (maximum removal torque)

my JZAES] AA #A F UedE Ho EZE2 Hwd 47 2mm

FA9 MATS ZE AdFTFAME A T bl F @I zjo]E HolH|

2 th(Table 2). AW dmm FA¢ JAZAZFES zb+= Q¥ AHNA= Cd

o] & F ol Hl&| FYetA =S EA S HtHTable 3). AAE 7
o

rlr

g AZUEE AnAe olgae B2d A7 om v EAEqNE B
26 4Fe F 4 e WY YSAE tipolt} threade] WHS WAE A o
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stFo g AZFES o cutting flute F#& A3 T2 BRE 2452

A3 He) S zt=E A ZEte] cutting flute WHo] WMS4E ZEIAE= 33
=

e Ay Rele) YdE F 9 2URs wdeA &) fetel 4EE <
FZS A3 T Koistinen 548 ol Walo] wil 49 EA7F W3
sto] yol7h W AT g AblA o Ee Hd EaE HATL &
Qo1 Seebeck &7 AFAME FUEF E=SFE pull-out strength7}

7 tal Raskdoh olwl Ao AR8E Biomechanical Test Block
(Sawbones Inc., US.A)2 3 &AFd & Fst= E-Glass—filled epoxy sheeto}
FA o] 3|E3E= solid rigid polyurethane foam< acrylate bondE ©] &3}
of Fzgk Ao mA AA| Qzre] ZHEel ofgke] Aol qAWH WETE i
dsto] A% cadaver AlHET 1 A¥E ¢ A= ¢ o xA H B
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% = - =
2 Hy JJEHES Y S HolERE E3E JHAA dnh 2 A3
|

£
3 MQAF FA7 2mmel QAT AWIA F A Ake A B, C Al @
Aelel EAAoE fold W AolE wolx ergroit 4mm Tl ¥
FoME Citol BE F T3} 1) : 2 e

Rl
o
2
Of
2
> 0
>,

Elgt o Bto] Aol W& tAh FHS F
2mmol A dmm=z @A F FA7 F
7t e, Avtel 7 aA F7sk o (Fig 6). ol st A= A=

T Z7F Al cutting flute Zol¢ FE7F 25 F A At 9SS = 4

A= AL oujsitt. = AT9 cutting flute ZolE 26mmE 2mm 579
Nd=s Fdeke v e dololX ¥ dmm FA Y] A =S F e}
71o&= BEscta & 4= vl 1o vkl B3 Cit 9] cutting flute Z ol

39mm= 4mm FA o I HES FHEI|E ST Aolo|th o] gk Aol
kol 2 Qla 2mm FAS] I HIA A= Al oL Atelo] E AolE HolA &
ARt dmm FAS] S Aol M= AL 3

Aow AmEn 3 dmm FA 9 A zZolA Burd Cd & AR ARE
o] zFol7} L= olf& cutting flute?] e wiEol Aoz Atz = 1
2198k w] AAE cutting fluted] A= bone chipe] 4, T
, A Al sl dukeko g P A F cutting flute
= tipdl Al Aoz o] Ade] FE=8 9 bone chipe] AAALHA Aoz
g S 2 2 Aottt wEbA YA Y cutting flutes b Cato] A4
cutting fluteE zt= Baroll Hlal A¢ dAoA 3ol ¢ folsirtar & <
Ak T g9 cutting flute7t vy YEZFHE oAl 2] sh= F3]7}
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AP HY o ZEZ(bone chip Wi&&3to] § ZZZ) bone chipd ¥w]=9]
t] §olste] ojelgt Ayt Y Aoz AZtE

Ao A9 B3 vy dBAEe] 20440 9P WAL ax F
stpolth, UR e 4y Ea ebgiel gt wE U¥ e Eax 9,
AAA Edo E AAE oblaA v dBAES AL o £
gloms 4% 4y E37 27k Motoyoshi 576 Ashe} 1 %ol
Wy AFAEE Age AHoA 5-10Nem WS A7 B35} A v
Sa mad v glen} 49§ QeI BAL A4 A0 2H: =
) W] AT APE AFES o] §F PN AR Y £ o
& AT FAAH R ol Foldol Wk ¥ 4E A3 FAE FA 2mme)
AFE ABIAE ATol ThE F T ws) B A 49 EaF ek
otk 2mm A MAFNA Al Ee] F AFY Agbel mEFHEE v 9
saesh F9 2w P45 WAL M5 Ao dyud med o

A9 bone chip HiEF7to] t}h & F o H|s] 27| wfjF<l Ao

g8 = A8 BAoA FAHE bone chipe] MlEH A Esta vy =
E

AE tip F9lol FH o] WY QEAES] AW WSy wWiel A9 E
27k Fobeke Aolth dmm FAY WA TAAE CEol Y B A A
g Eas deuglth oy JEAEs F AN 45 wHy B
dol gl Ao nAth Z dmm FAY JAIAN CEE G T o

oy Ag BA o] AL e E o
MU QEAE W vz v} gar:m g & ok webd T o
il ol oo wel Ao A EA7 F73

Aotk 2mm ¢ 4mm T2 YA FM H A EAEZ HuHS
Catwb Aglstal th& F & P;Es]a:] omm FAe HAZgA ¢ =L Hu
A BV el A& ofelgh WEtdl A o]3|d & 9ls Zlo|th

% 5Pe mE 25Fo vy ?4%% oA Ho Ay EArTE Ao AA
EAzt & 3o AR E 714

7] wiizell, o] Enf EA Aol tia wskS
==
h

e =
2 AANY vy AFAE} 4P B
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A etel Atolo A ol HYPAAE olFE uj7tx] g FHua sk weEt
A uy JdEHES ARG SlojA ddH o= T o 84 Hd A4

Edxdtes HuY AA B3 & 4 o agla AU AA Eds v
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SAATH ol A HAA wY JZHEV A DA
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Holi= olfE oAM= Aol cutting flutee] Fe] wjE<Q Aoz Az}
Hoh S5 AY A9 3 d Wy A wgow FAHHEH pAFH flutes

?l bone thread-J MRS HAR doA vy JEFAES o HE wH

O] oA ol Aarl vy Ao Al dt
B oA Ay 9AdE FA7 718 H 9 cutting fluted] Zo] @ g =T
g A B AA EAd s & 4 due s & UddH weEkA
ANSY infrazygomatic creste} o] A Zo] T/ HF9o vy JZFHE
S A Agdds vy JEHES] A Al cutting flutee] Zo] 2 F )
gk g Eolof ot AN o AP AFE AT AP EATHE
Aol A AAl 33 zol7b dvkar & = Ak wEbA AAl el A8

bedk Ads @71 HaAMes =4 w
s

X
< A AAH] F=ddol Badtva AbsEh
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2 =wol A& cutting flutee] 2ol X HEnk tf 23 1 o]9]e] 94 B
© Tdg A TR vy JEHEE 2mm, dmm FAY dHIS e A
A8 dezel A AXMIMA 2@ E = 242 10704 A "Heklon, 4
H Ao =49 2 3Hd S5 A stv] s A EA AEVE
ol-gstAutt. 1 A v & AES A
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o] TR #S F AY AE RYoen o R B, A ol
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