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Atk A= 79, A, # R A 4 F
S A sd AEsE AU FEAE 18

= <= self-drilling type
°=2 A7 1.8 mm, Z°] 7 mme] YZTE(ORLUS,
Ortholution CO., Seoul, Korea)S & 487] 2] H3s}

o

W& njy JEHFES] A
A8 FEl Atropine 0.05 mg/kgs F 3t FAIStAL,
Rompun 2 mg/kg¥} Ketamine 10 mg/kg= g2 Ak
sto] HAlvHE F =38 F 2% Enflurane S = v
£ frAlsla A3 &< e 3 S(heating pad)=
2% fABH AHEE #Esoh E vy <l
ZUE A9 Al A9 F9)ol o3y Z (1 : 100,000)
2% ALt B EARE o] &3t A& mhH

Xy (=
= 37 AT vk Aze) A4 soEg)
70% AREe] EFYoR 4 R h%dn
atetell A2, 3, 47X 2] X2 Ateld] mlY &
EE 2 YHst] AASE 3 niglo] = oy, =
F 45709 vy JAZSHEE At H5 3 S
Al Fobty A Bkt gizatel] gk fAE
29 X E MAste] Ay Felol e 2] 54
< At AL SHdTh (Fig 1).

AY F GAL ol fajo] YAlato] A zZol &
Q8] Solrle AL dASAn 1Y dzdEE

Fig 1. Implantation sites of orthodontic mini-implants (A) and intra-oral photo (B). Orthodontic forces to both immediate
and delayed groups were loaded reciprocally with elastic chain.
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AFol & FAT (Fig 2). AH Fol&
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AR Bt T2 S 280
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rinsing 7 Algatict mlY IEHES
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24 852 AFsta 10% 22T g 1E3E
stk 24 14 ¥ 24 s 4 St

70 - 100% HAH nFEe] LA G4A7|
hydroxyethyl metachrylate (Technovit 7200VLC, Ger-
man)°l| Zvjgt & FF37]E o] -&sto] ZF/JE]
A AgAZT g Zejd 22 EE-LS diamond
saw (Exakt Medical Instruments, Oklahoma City, OK,
USA)S o] &-35to] Z3}al hard tissue grinding sys-
tem (Exakt Medical Instruments, Oklahoma City, OK,
USA)S.Z 100 - 110 #m FA2] HE3] FES A
2+l toluidine blue® A 8153t}

Applied force Applied force  Applied force
} } }

0 3 6 9 12 15 weeks
L
12wDL  12wiL  6wDL 6wl 3wl Euthanasia
12wHC 6wHC  3wHC
3wDL
Implantation

Fig 2. Timetable for installation of mini-implants. W,
weeks; DL, delayed loading group; /L, immediate load-
ing group; HC, healing control group.
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Z2] A|lH-E 38t &7 (Leica DC 300F, Wetzler,
Germany)3}ol| A 1008 2 &< 3}e] ©]= Image-Pro
Version 3.0 (Cybernetics Media, USA) ZZ2 1313 ©]
f3lo] JZHE F9 | mm WY & HZ=E(bone
implant contact, BIC%)¥} = % 2H] & (bone volume/
total volume, BV/TV%)& 5333t & HEHES
= Qtoll 219 E nY dEHES] A pitcholl Al =
I AH HEeta e 2o Hol& BT =35}
of HstaL o] & 45919 A pitch 22| Ho]
2 o] MiEES ok = WA &S vy
AEHE 9 1 mm Ao =] A BF
Tate] Hata ol & Py YEHE F9 1 mm
o] AA Aoz o] Mg ksl

o] WA

(Bone volume)

Z HAH]LBV/TV%) = x 100
A g4

(Total volume)

snte] wal tel 2ok BIA EE A
(SEM, standard error of mean)E& T-5}%1.2™ SPSS
Ver 11 (SPSS, Chicago, IL, USA) 57 Zzazjo &
Kruskal-Wallis H test 2! Mann-Whitney testZS A] 3] 3}
of A7) ZF, ot ZFell frel gt Aolzt l=A] HEst

Atk
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Z TZZE(bone implant contact) AA Fohre 350 vlE] RFdA & JHE
fogk 27171 e (p < 0.05) HERTAAE

SA] Fohre AdwoA 125 FHdX 7 HAa 62k 127 Atolofl et SV AT p <
sl oyg 7178 felgk Zpol= il (p > 0.05) 0.05)(Fig 5). AI7IH &2 7+ ++ ko] & HEES vw

Control group

| Delayed loading
group

Immediate loading
gruop

Fig 3. Subsequent photographs of mini-implants for each group after installation. Histological section showed well-or-
ganized vital bone in contact with the implant after loading. Mature lamellar bone was visible at 6 weeks. Toluidine
blue; x 100; 3 w, 3 week; 6 w, 6 weeks; 72 w, 12 weeks; scale bar shows 100 um.

Fig 4. Histological findings at week 6 of the immediate loading group. Intimate bone-implant contact was observed
(left, x 100); osteoclast-like cell was shown at implant-bone surface (center) and bone marrow (right, x 200); B, alveolar
bone; M, mini-implant.
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a Hw 1% AHN B AEEL 24 Falo] A Fahzolde 127 ghol gashd A7 &
62.7% %2 A Fote] 75.5% 8 ol shAl 2k o3t 2ol = gl AA Fobr 3t dE2TolM = 6
t} (p < 0.05)(Table 1). Zo)| B8 1250 Z uqzm]%4 893 =712 1}
BRI (p < 0.05)(Fig 5). & WA & AA] A
= HZAH|Z(bone volume) EE 72t 2o HweladS ”H S ISESPERS PER=
220 FA] Fakzel val Kookl e g B
= AAH &L & JAFEY v ez 5 dom (p < 005) 2FA AAT 7o) fol 3 2}o]
Loading period Loading period
1 3 weeks 1 3 weeks
= 6 weeks = 6 weeks
El 12 weeks ,% |L| El 12 weeks .
75 1 T 75 1 |_| T |_|
1] 1T ki T
50 1 < 501
= I
é ~
o =
om >
25 1 0 254
O T T T T T 0 T T T T T
IL DL HC IL DL HC
Subgroup Subgroup

Fig 5. Bone implant contact (BIC, %) and bone volume/total volume (BV/TV, %) of each group for different time
periods. *p < 0.05. IL, Immediate loading group; DL, delayed loading group; HC, healing control group.

Table 1. Bone implant contact (BIC, %) and Bone volume/total volume (BV/TV, %) of each group at each period

BIC (%) BV/TV (%)
Period (weeks) Subgroup
Mean + SEM Mean + SEM
3 L 664 + 6.2 65.7 + 4.2
DL 659 + 86 62.3 £ 58
HC 63.1 £ 10.7 707 £ 44
Significance NS NS
6 L 722 £ 123 637 + 56
DL 702 + 42 614 + 48
HC 63.3 £ 3.1 513 + 6.7
Significance NS *
12 IL 672 + 55 60.1 + 102
DL 75 + 89 730 + 34
HC 772 + 24 719 + 54
Significance ® NS

IL, Immediate loading group; DL, delayed loading group; HC, healing control group; SEM, standard error of mean; NS,
not significant; statistically significant difference between periods by Kruskal-Wallis H test; p < 0.05.
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Table 2. Change in periotest value (PV) for each group at each period

Periotest value (PV)

Period (weeks) Subgroup
Mean + SEM

3 L -11 £ 07
DL 68 + 19
HC 29 £ 17

Significance *
6 IL 25 £ 25
DL 65 = 3.8
HC 33 +18

Significance NS
12 L 00 £ 18
DL 39 £ 20
HC 28 £ 12

Significance NS

IL, Immediate loading group; DL, delayed loading group; HC, healing control group; SEM, standard error of mean, NS,

not significant; statistically significant difference between periods by Kruskal-Wallis H test; p < 0.05.

= & T Y (Table 1).
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B < 0.05) 65 2FA AT
o3k zfo] 7t Gl Y (p > 0.05)(Table 2).
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o] kg2 =] e AHE JEHES} & wyderX9 Ves FHL 5 vk ol 243
A& AT & 5 vk =l o3 4 dre APLH el 24341 vl A
H F 2HFES ARV et Stete Fd o e 2pol 7} glo] < ahA ]l &3l o
oA Rt AA =L E AHESIRE A 27 SRS o] gl el Aatlvta & < glvk o
B A VA ¥a O FES A AY T B EHEFERE 294 SU ARE Hrlete
ashe FEe BAFA7] WiEoltt ol A9 Al Alefe] flomm FrpAQl Aol FasHltt
FHEe oAl EFo] Aol e SHFES g o e 2o W JAH R JEUE
HoAFA s FE AFIg gl dSDE F9] o] A9 F9, @Al AR, vl Al wE o=
=] Al E A (microfracture) ] & @ o] A F JeBR Al Al old tig 127t dastezt
BE EET Fol A" F dojd 5 7] wEol =
ot 22y ol dydA 255 ol 2Hax ol AdeM wAE vy dEHES] kgl
oA 2 %Q‘}iib} THEECIY SEEE frolst st =AASEA 24 die T8E S S
A FaAd e oyl ol e AT F suen 234 49
7y ‘”VE‘rEOﬂ Folshs wgge 2§ & <t T el Folek Aol WA A ik oht ﬂ%ﬂ
el S = F e Toﬂ/‘lﬂOﬂ utel A= g ot 27190 3FAddle A ko] o W
o2 glo] MelvF Bag vl gloh SA] ¥51E Al Tt S E 2HA BAATs e ﬁ
At o] =RelA AHEE wg e A7]E A W7} BREAY. FAEE Fo FEHE Wik ofy
B Miyawaki 5°2 ZA] ¥3hE 92 2 N o]t gt JEUE FHZ] Ange wet N2 o gk
F9E W Fssitha 3413 Melsen?t Costa'*= = YR & slvth 354 AEa 3t S8
Sentalloy spring= ©]&-8k] 25 gme} 50 gme] w7 oIt Apel 7k BAE A kot JEUE AW
gg FAoH ol Frost” 7} 2] & “functional win- FHe BelHl 54 o8 dold Holka F
dow’ <tell & & 3l F =] Folgha AFatith 5% U 28 Fok LS 2 AFEH A
F 2ol & 250 gm =] F& FA] Fojsio] #F o] Bl wdo] o Ao vy dF
A7) Bt dEUE FHE XH7E A 9 FES YIS AAH R AST F e E4]
o] Hu¥ u} Itk old W xdR-ste] H$- & PHer &8d F Ak T8&E A5 (Perio-
Deguchi 52} Gray 57 200 - 300 gm®] w% 2 test value)?] M E —8ollA] +502.2 —8ol|A] +97}
= Fosisls W A9 2 w4 HE Bast A Fe AR HAng deE v +109]
1A AR SlE Y JESFE Fo M4 A +197HA19] g2 F3 7Fed T8k, +20004
<3k woven bone°| WS AL F k= AR +2971A]9] #he Foz EE £ e HrY F
= Sttt ol AdelM = 250 - 300 gme] SEga BRES oyl AgeM MY 2L T
E e Fosiglen A /713t F gy 8% 2= g B 2o @l 68 + 1.90]2= mYy
o] froldt S7he BEEHA dol wHHo| &7 YEHETL d3A ez ALgEE H A7 §le
E FoAEAA dojve 37z gl FHAHY A s 243 71t Tt AT 2o
dEFE MAdE S71E e T Tk ol AFellM HYH FA wFHE FoIg FA]
A W19 Yo de 2Mx 58S A ok dt A7 F 337ke] AF7|3E ol Ald
4 MY A5 2PEE FXdva Bu Fohr 2kel w8 vy JERES] FYAdql &
Ha Qe A A& AF e o8 &4 dE Wes 2AASE 249 AA 24E
o7 I/Ee ShAtE] =2 A7ldl e ol ol Bl A3 wAE l"%oi T 12533 AA el
o] F=g wHHE AHgehE e Ny dEEE Aol BHEZEAAMT A A Fdhre] folsh 3
o] Sk rel Ee]atA A8 = vt 44 ot 2y 3R A 5 3] Rl gt Aol
g wg g vy JEEE JReiAle wgEe B AL R2FAIH AN ] FA] Fohre] ASA7} 3
A8 JZHEd JeAE wdgol vs) A717t FARAAM S HEFES TSt dlens, =
A1 o W] A frAEH o= 3 Al Fel7h w8 vy AERE F9139 9714
E=o] AHg7IZEe] BT Al AE ofof stEE A&t A Sz el G gEFS FAva & 5 13
B S Hr=rt 24 fot= dEA ez S ok SRR A71A Q) g ASE H% 125 o F
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The effect of loading time on the stability of mini-implant

Seung-Yeon Lee, DDS, MSD, PhD," Jung-Yul Cha, DDS, MSD, PhD,b
Tae-min Yoon, BA, MS,” Young-Chel Park, DDS, MSD, PhD*

Objective: The purpose of this study was to investigate the stability of mini-implants in relation to loading time.
Methods: A total of 48 mini-implants (ORLUS, Ortholution, Korea) were placed into the buccal alveolar bone of
the mandible in 8 male beagle dogs. Orthodontic force (200 - 250 gm) was applied immediately for the immediate
loading group while force application was delayed for 3 weeks in the delayed loading group. For the subsequent
loading periods (3, 6, 12 weeks), BIC (bone implant contact) and BV/TV (bone volume/total volume) and mobility
test were carried out. Results: The immediate loading group showed no changes in BIC from 3 to 12 weeks,
while the delayed loading group showed a significant increase in BIC between 3 and 12 weeks (p < 0.05). The
BV/TV of the delayed loading group significantly increased from 6 to 12 weeks of loading (p < 0.05), while the
BV/TV of the immediate loading group decreased from 3 to 12 weeks of loading. However, there was no
significant difference in BV/TV between experimental groups. The mobility of the immediate loading group was
not significantly different from that of the delayed loading group after 12 weeks of loading (p < 0.05).
Conclusions: These results showed that immediate loading does not have a negative effect on the stability of
mini-implants compared to the early loading method in both the clinical and histomorphometric point of view.
(Korean J Orthod 2008;38(3):149-158)
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