2R mY A

AAZAEY

l:;gz]

aegstn Q7o ojs

2=

P M

r

WA RA] Fo} olFel) 223 AX] 72 1Y
A (anchorage)e} FE= B e X5 2#4E 94
T8 FEolth. THY TE Aot e 749 7
2} Aoz ol &3 Ag HALoR Uepd
T »l% 2R 2, 3 olF P B
4 AT, viivAd 4 #xte] 2% Tl FAA

MAs717t olei it ofeld BEAIES AR &
4R A7l Y8l Helw YERES njvfaA
%’r—g— ?"} I’LXJX] YoM ng ol g g4
= Be d7E0] glol gt of
HpEEL xb,}, Cgoioﬂ/(-} o}_‘a;‘(}: EL;H tﬂ cﬂ—
JL7§} T 5 Helw 4EAES nf{2aF
FHoz A oM oS A58S
L= 3

19453 Gainsforth®} Higley'7} vlo] 2el& (vital-
lium) 232FE 7ol ’“%‘goiﬂ HEZWEE Ao}
2 GG AT F = e HRE A
Abgt ol F James 52, Roberts $°°, Smalley 5°
Shapiro®t Kokich’, Higuchi®} Slack®, Block¥}
Hoffman®, Southard §%°, Kim¥# Lee", Lee%}
Chungol 5E4%7 J48 &< 53 g

N

}

&

e Aoz A7 JERES FEA4S 8
OPi’if% Ty E43 YSREE vad PEeT

< W99 2 Hg Fe, 2442 48 8% fd
VP 2 PRl A Tz s wy 49

&35 ¢

23]
=

CRAE -
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E(ojet “nAE miux3a{ g dd)E IR
o] ngdeg AHsl7l A A7Eel 3ol e
Creekmore®t Eklund”®, Kanomi*, Costa 5,
Park'®'"o] w3 & w23 R ngdogrel &
448 A4 282 23 Bad b ok e =
3 ool 7 2P 9o AMSS wHE vy
237 g F48 A5 ojdH T 2 €
off ofgt Asf g gt}
ole] 2 AFoAE WS viUzARY 4P|
tiE-Ro] sdga dFo fHEo Yslo] Jde
A& aesle] dAdgo & TRA Y Ao ¥
WE B3 P YA AL FHEd=
g B3k ﬁeﬂ _}79 }\]7}7(—1 gAih = g <3___}o]. lioi
A BFAE AN P& 232 R/E 2389
oz AgE A velhd ¢ g e gl
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A% ol24 2AE AT stast It
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1. #EXi=E

AYg wAE UgsaR JSAEE ¢4 He
2 AEE ANgoz £ i FHE AR
o, suel Wele A7 UARRe JTR she



2Ae A7l 1.4m= $I3 self-tapping
straight¥ (Super Orthodontic Screw®, Osstem,
Korea, |3} “933 (straight type)” ]2} dtha} th
€ FHle Ay W] AR Aol 1.6mo]3
slehEe] 21 Ao 1.2m= FTFolA sltRz 2=
2 AR FoXe VA Y self-tapping taperedd
(Power Hook Orthodontic Screw®, Osstem,
Korea, ©]3} "2 ¥ (tapered type) ©|&} 3hE AL
£ stk AdFes 2HE S dxTFes 9459

< AH8319tH(Fig. 1, Table I).
2. MYEE

&5 30kg~35ked] FAAEAT B4 S 7R
21711 & Agd ARSI

AL A
3. SawY U A

21vtele] VIEE 9 VIE0E TSR UFa
0U, 3T, YT, 114, 1497, 2194+, 28Y
o2 3rld wjyeld ). Xylazine(Rompun®,
Bayer Co., Korea, 5ng/ke body weight) & &5 5
Akt R &del 25 olg B VEUYEE
ek 585 7198 &, Ketamine(Ketara®, Yu-han
Co., Korea, 35mg/ke body weight)S T Al
A% w3t & U AaRE AYE FH9
ZEHF YA RS ARG T & 5 289 5%

& 27 93l 5% 29 429 1K) T2 oH

A (2% Lodocaine with epinephrine 12.5ug/ml,
Yu-han Co., Korea) & =4 v} & 3} 31},
U2 AF FIARY AFd A FEHS w
2mm Zol2 A% et AS FAA ¥ A
7 bm F == I,

0.

oS
o
fru

=
’

o o 4y
2l 1)1
off &
o =

off

T T
4

)
e

X17<:} 1

Fdol vl dAs=S
AR A <k 30mA = oA
HANEE MR FFHS
< Y8 =EA AAFE dEEHA
Eydon gAsgon uid vy2azie
ZtA0] A4 bt HAH =S 3t

%3 7+d WA E ¢35t Amikasine (Dong-A
Co., Korea, 4mg/kg body weight) S 447 25 F
AbatgTt.

Z+ 7% F 71X Feje] ny& fyA3aFE 30t
g9 71E AZo 247 47448 A3t F 168712
Agaict.

Table 1. Classification and design of experimented orthodontic miniscrew

; , Outer ~  Inner  Pitch
o Type  , Design - Number Total diameter 'diametérf - height
SR ' ; (unit'mm)  (unit'mm)  (unit:mm)
For removal upper: 1.6 upper: 1.2
Tapered torque test and
type histomorphometric 84 84 lower: 1.2 lower: 0.8 0.2
analysis
For removal
Straight t(?rque test and 84 84 whole: 1.4 whole: 0.9 0.25
type histomorphometric
analysis
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4. HASIHE e £

95 Ao Hie RPN, e
Hatd 24 & vy 2A[FE2FE 30m7t o A
AR Adetel AeAded g2 & AAMHE
Z3< A3 AA AZG S8 nF s 3
ATt 33 E OAE FA-F £%7](Digital
force gauge®, FGN-508-SEG, NIDEC-SHIMPO
Co., Japan)$} ©|AE 14 1o (Push-full
gauge stand K-501®, ATONIC Co., Japan) &
3 ARE 7tEe] AFE a1 = A 2 XY €
glol= g7 Tt AdE 7tEY AEL
2R 9] Ho 3FAT o 2§ vY23FH
o] we|Rel Zo LA AFE =golg &
o3 Fod 71992 F UAE FA-F $3719
G727k wako g sato|Wd ¢E S 71t
298 238 vY23aARE @AY 8
HUzkE AAYIHE (Nem) 2.2 £ 3} 7FEE 3
AN AN 3~5& o[l F4 & ¢E3ATt

5. B2 M5t 3 2% YENHISSA 24

=2
+ & gt Fujsled hematoxylin-eosin FE 4
4~ome] FAZ ZHARZEL Az F H
Hu7 o2 1008 2 20001 2 #23AT).

FEEnE 1002 FAstd =
Olympus BX-51® (Olympus Co., Tokyo,
Japan) #edn| g g ##& L Kappa DX30
Digital Camera® (Opto-Electrionics, Germany) 2

Table II. Material value of finear FEM(finite element method) analysis of orthodontic miniscrews
- Flastic coefficiel

' Titanium
Cortial bone

Screw
Bone

A" G 4L vhy 94 84 22 3% (Image-
Pro Plus 5.0°, Media Cybernetrics, USA)2.2 4
AZ P4 9EES A ARE 34 94
&2 FAF A e WA U 99 94
el AAFEe] 2R e WA v &S 233 F
B3 AAFE g wAE o] &3S FsaTh

6. SAlEA

A Doz A8 EL FAHIY FTHAE
T893 32 SPSS version 10.0% (SPSS Inc., Chicago,
US.A)Z o] &3l 453 277 2y 437
< ttestZ MW 1, B AR A7 AT
g 2yt #-2]4L one-way ANOVA testo}
Tukey HSD ¥4& &3l vlmatgich.

7. §5 QA (FEM: finite element method)ol|
oI5t 23 24

F71A gele] 2FE P23 FY $HEY
3G®(Plasso tech Co. U.S.A) 4 T2 & o]
sla] A4 73k 844 (linear finite element method)
oz B4 39t 74 21 Zo gud 1o
2, 39 u3$ vyxare] 3EAde 233
2, WA (mesh)= AMRA| WA & AR, 18]
3 FPo] WL SH 802 5 Nemd & 7t
3l 202 AT S YELS TP flol
2435 48 39 HupAH N 572 (maxi-
mum equilibratory stress)¥ gl 223l £2H
o gt 7 A AEshe GEF A
F kel H 323 (maximum principal stress)<
24390 ¢EHEYL gt AFeY L ()R
2 FAEEH(Table 11).

oo rlo

13.7

0.3

0.33
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1.z 47
293 9799 2A4AL LE TR §4
@ 278€ Bao.

028 F 24 FRAME & vU2aFe H
@ 32 E (cortcal bone) - oA Bl A PRI B
oFol & veht 193, 31 = (cancellous bone) -4}
= w2l A =delo] oJsko 7 93l LJAto T i B
Z2HE oA v ZHEY A £33 74
o] Fel2 B¥H(Fig. 4 tapered type, Fig. 5
straight type).

3UT BEAMNE A2 2T SN AA TN A
] ZAEN AEEC] w4 vYsaRY W
gl FetAl & W] AFstEa, A
Aapare] At B Bel e mluj@ ¢4
FUzZ o] #AEAH(Fig. 6 tapered type, Fig. 7
straight type).

T4F FRANE -47“"2‘4 T FAR
AEeRY 23S A= gusfes
Z2] 9] gAJo] 5 %\Ohﬂ #ZH o 3UdF BB
HIAAE 22o] FH o2 FASH F/HHAL
b AAQ @A oby AdAo] e us &
(woven bone) AElE EATHFig. 8 tapered type,
Fig. 9 straight type).

Ho

ik o

1Y FRAME 7T ZE HF LRy
=712 "H¥rh(Fig. 10 tapered type, Fig. 11
straight type).

1497 BES 119%F FEof vl 44 St
12 248 EHH(Fig. 12 tapered
type, Fig. 13 straight type).

2197 FEL AAF Ago] YU B
Felo] AT WFo] FoEol LA E &
32 BHtHFig. 14 tapered type, Fig. 15 straight

2 9Ha 4

28 :—JEL FRL AZHE AR ZHEY A
B §402 9d Bz A& T2 o] AY
Hom A2 FHIF AAFAN WEL F
T= Py A48 28 B Fig. 16 tapered
type, Fig. 17 straight type).

TR 14U F, 214 F, 2897 A5 28
Jdoie AAAH] 24E 3 24& vy
2382 AAste FYdA 2 & vy 23279}

T

AZEHH ZRY o) sde] dojt 2AS BT
(Figs. 18~21).

2. ®7{=|a= ekl Nom)
2717 gele mAE HUAIRAN AAHDAE

o A7 27194 799 11QAE 2ast 4
5 A7 7A3hel Blel5d Z71819eH Table TIT, V).

Table III. Removal torque measurements(Ncm) of tapered orthodontic miniscrews

Tapered type 0 day 3 days 7 days 11 days 14 days 21 days 28 days
Sum 115.6 744 59.1 472 57.8 62.9 81.5
Mean 9.63 6.20 493 *3.93 4.82 5.24 6.79

* Starting point for increasing torque

Table IV. Removal torque measurements(Ncm) of straight orthodontic miniscrews

Straight type . 0 day 3 days 7 days 11 days 14 days 21 days 28 days
Sum 15.7 12.8 6.1 9.8 15.3 17.6 18.7
Mean 1.31 1.07 *0.51 0.82 1.28 1.47 1.70

* Starting point for increasing torque



Table V. New bone formatlon percentage(%) of tapered orthodontic miniscrews

3 days 7 days 11 days 14 days 21 day
46.58 458.44 533.81 600.64 798.22 .
3.88 38.20 44 48 50.05 66.52 69.01

3 days 7 days

11days 14 days

34.60 326.61 611.18 643.31 689.93 847.43

2.88 27.22 50.93 53.61 57.49 70.62
2 AME BN oEg A g AHLe AL AZoz 19839 James
29 nlo] 9 FekA(bioglass)Z ZHE YZHES)
A P4 WA EL UYL 4FY BTN Hlo|gE] e YSAEE 7tES UEH S 2 H3sto

A1t Azl vlglsle 7181t

3ol w|m| 3k oke] FFRA o] BAEHUoY
TAZNN HHE F33 AAAF g4 d489 F
748 BY 1 (Tables V, VD), Az} A7t Azl v
3l Zr18He S B

4, RELLH 23t 32

2d JAE AYErede 2¥Po| 13.7
MPa9] 3% B3, 4F3L 158 MPa®E &48
B} B4 et (Fig. 2). AUFLEe 459
¥ AL T X mRed 2HYe] 93F 1
o} 27 dedth(Fig. 3). ol@lgh Anke S&o] 3
25 ANDEA FAo] AT olY B BFE 2
olE 2HYY Pz s, To| A2HE =

$o] YFF R WA JEhT.
V.o &

Z424 JZANEE B8 44 3189 (skeletal
ancorage) 7'd 2] EXE v}z o] % of Yoyl @
A8 MY2IAFE AHLSA oA AHEe] Hel
A3} v g B4l 5L A2 4 JdArh 19459
Gainsforth®} Higley'7} vte|gel o2 A2
£ 7ol Agete] YSHEE Xo} »

ramal 2=F
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2847t 60gm, 120gm, 180gme] & 7kt 1%
dozAe FEAS Bt} 19849l Roberts
e 7tEe] tE2d 3mm 739 JEAEE 4
sl 6= THE 1253744 100gme] L 715k
47 Eo} Qo 29l AT} v o]
A& 2742 F7](bone remodeling cycle) 7+ 657
< 24802 B, o|F Pl 2831
199439l FFAAA9 TR YSNRES 4
date] A24H stet 79 F HH o AHS R

¢, Higuchi$} Slack®® =3 T3 24 59 ¢

O 2.9,
Exia

ZAET} aRPoBA 8-S IR SHE B
23 sk

I3 YEHES uPYoE AT AS oY)
g e 5 HYS 2 08 7, @ #oll

2 AHR9e A B dHE Bas] A
Brt Ae ARAew FHY AN o] &3 Y3}
' 344 HEF "U23F JEIEE 2PAE
o] PP e AHg3l7] 93) 19839 Creekmorest
Eklund& ulo|ge|$ 23FE 4ot Ax9 A2
o AP X2 F0 Ayl getol sl nPUeE,
1997 Kanomi*¥ 1.2mm 79 ElgbE vy 22

F2 At 2719 F Ay g3telEe 1
733%1_& 19984 Costa F°2 2mm 3749 Eleks
nUA3{E AY T ZHAE A fd713E glo]
ZA nydez g3l Zzhe] S ERlet



Aok, T E 200095 2003d) Park™'o)
#3823 RE gl Agste] 6131 H‘ﬂ
71z Fae ARG deste 53 #e =
5718k el Ee] 15.8709 F<t AdetelA ok 93%, o}
oA oF 73%9) BEES RS

¥ A7olM w3 $ vid2age] 2714 e
AT 7P AAAET A E 4 B
g 2AggASS oz sl wyE viyx
A7 AL B4 st AAdAE L 9=
HES} 2 /Y B=E FF) A8 =HE
o2 ol AHgste SAMLE Johanssond
Albrektsson®®o] &8l #2S B4 Al A
Tl vldstd A& WA A AZ| Mo} Frtstn,
o] ¥ 714 24k uj$ =& ABAAE 2= Ao
2 B3 3gd, B dFdAR F 1A g 14
& ol 23 Fe) QAR 28 Ane A2
o] 7ol wte} 7 EAo

AT 7d ofd, ZHFNA 114 o|H 71A]
o} AAZNAHY DAE 22 A 02 AZNE A

& ¥ A2 BodA A IS we} &
HE Zo 2 N84 Bz 0] A4S o] At 24
2ol FAHE A7 Fez Alndd & 43
Ne 19F ZRM ngd&Ze] J4o] JEHE
F0S wE A oA AEE o' FAE) A
sl a A 27 AdeE AAA 4T odle
AsE FUF 20 el A< £ F Y 9
£ Roberts®9] dgolx dZHE 4 T xAZ B

Aox A Fo] YEHE 3 ‘5377}*] s o
257t 29 o 9A % A

e 234 659 713to] E
Fol},

Barewal & AFgel AlstelEo] x50 A9
o JEZNE nHFE oY) A3l TR FE
¥4 (resonance frequency analysis)2 A8 3tod
AEZNEY HAL Bl B A sl ok
5o A olA g ARHH 35744 sttt
3FAE FAR A F7khe FE By ol
T A+ Roberts®e] AN e 2943 &
3¢ Zpo|7h Erl= Abtel 3, A& Ale] 2w
¢ He nEd o & AN AAZHH| JtE
A A AFRE Fasiht 149 114948 4
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Tapered Orthodontic Miniscrew Straight Orthodontic Miniscrew
Surface Surface
size of size of

?1.6 screw screw
area area
@1.2 21.9mm? 22 9mm?2

Fig. 1. Design of two type orthodontic miniscrew.

Comparision of maximum equilibratory stress
Tapered Body

Straight Body

15.8 MPa 13.7 MPa

Fig. 2. Diagram of maximum equilibratory stesses in two types of erthodontic
miniscrews with linear finite element method.

Straight Body Tapered Body

Red:Tensional stress Blue: Compressive stress

Fig. 3. Diagram of maximum principal stesses in two types of orthodontic
miniscrews with linear finite element method.
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ABSTRACT

REMOVAL TORQUE AND BONE FORMATION OF
ORTHODONTIC MINISCREW IMPLANT

Young-Kuk Yun, M.S.D., Jae-Jun Ryu, Ph.D., Kyu-Won Suh, Ph.D.

Major in Dentistry, Department of Medical Science, Graduate School, Korea University

Statement of problem: An orthodontic miniscrew implant has been used as a skele-
tal anchorage for orthodontic treatment. However, any relation among the influence of the
cortical bone, morphologic differences of orthodontic miniscrew implants and new bone for-
mation hasn t been made clear yet.

Purpose: The purpose of this study was to evaluate whether the orthodontic miniscrew
implant could work as an intraoral skeletal anchorage immediately and stably for orthodontic
treatment after insertion of it.

Material and methods: Two types of orthodontic miniscrew implants were used in this
experiment: tapered type and straight type. One hundred and sixty eight orthodontic minis-
crew implants were inserted into the tibiae of 21 rabbits and sacrificed on 3, 7, 11, 14, 21
and 28days later after insertion of them to study removal torque values and histologic and
histomorphometric analyses.

Results: The results were as follows.

1. The removal torque values of the tapered type were higher than those of the

straight type in all groups(p<0.05).

2. There wasn't any distinguishing differences between the tapered type and the
straight type about the new bone formation percentage.

3. The removal torque values for both the tapered type and the straight type were grad-
ually decreased at early stages of the test but started to increase at the 7 days group
of the straight type and the 11 days group of the tapered type.

4. New bone formation percentage was increased gradually for both the tapered and the
straight types as time passed(p<0.05).

5. It was found that the tapered type showed lower values in the cortical bone about both
the maximum equilibratory stress distribution and the maximum principal stress dis-
tribution than the straight type in linear finite elements analysis.
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Conclusion: According to the research, the removal torque values were decreased at 7
days group of the tapered type and 11 days group of the straight type after the insertion
of the orthodontic miniscrew implants in tibiae of rabbits. Considering the human bone activ-
ity, it is better to apply the orthodontic force 3~4 weeks later than to apply it immediately
after the insertion of orthodontic miniscrew implants. Considering that general orthodon-
tic- force is about 250~500 grams, the tapered type can be worked as a stable skeletal anchor-

age in an orthodontic treatment even if the orthodontic force is applied on it immediately
after the insertion of it.

Key words : Minisrew implant, Tapered type miniscrew, Straight type miniscrew, Orthodontic minis-
crew, Skeletal anchorage
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