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Fig 2. Timetable for placing mini-implants. w= weeks;, E=experiment group;

HC= healing control group; CG= calcein green;, T= tetracycline
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Fig 3. Coronal & sagittal view of the head of mini-implant. The notch was

indentated on the head of mini-implant for the recognition of force

direction.
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Fig. 4. Histomorphometric analysis for bone-implant contact and bone volume.
Bone implant contact (BIC) was divided into BIC-cortical within
cortical bone layer and fBIC including cancellous bone, and bone
volume (BV) was measured within the range of 800 um from

implant-bone interface.

Zkzvo] W Sre s wwbth 3 % HA(SEM, standard error of mean)
E e SPSS Ver 11(SPSS Inc., Chicago, IL, USA) B4 Z2a3o=
paired test& o] &3sto] 7z} Wgo] g ¢S G STl A7 FoA S
Ao gzad g4t AFS310 #F94 2 independent / testE ©] &3}
of AFstArt Zb wFo did AVIE FogAde ANOVA 4 F AFHF

(Post-hoc test)& A &34
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Fig. 5. Light microscopic photographs of the orthodontic mini-implants placed

between the roots of mandibular premolar(a) and maxillary molar(b)(x10).

Fig. 6. Light microscopic

photographs(top) and

of fluorescence microscopic
photographs(bottom) of the maxillar of the experiment group. Tension and

stress sides are right and left in each image. Left, middle and right images

are obtained after the force application 3, 6 and 12 weeks. respectively.
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Fig. 7. Light microscopic photographs(top) and of fluorescence microscopic

photographs(bottom) of the maxillar of the control group. Tension and

tress sides are right and left in each image. Left, middle and right images

are obtained after the force application 3, 6 and 12 weeks. respectively

Fig. 8 Light microscopic

photographs(top) and of

fluorescence  microscopic
photographs(bottom) of the mandible of the experimental group. Tension and

stress sides are right and left in each image. Left, middle and right images

are obtained after the force application 3, 6 and 12 weeks. respectively

_12_



Fig. 9.

Light microscopic photographs(top) and of fluorescence microscopic
photographs(bottom) of the mandible of the control group. Tension and
stress sides are right and left in each image. Left, middle and right
images are obtained after the force application 3, 6 and 12 weeks.

respectively.
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Fig. 10. Full bone implant contact (fBIC%) of each group for periods.

x/ < 0.05.
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Table 1. Comparison of full bone implant contact (fBIC%) for each group and

loading period

Loading fBICc fBICp fBICe £ value

Posit; time N SEM M SEM M SEM BICc/ BICp/ BICc/
os1tion (Week) ean ean ean fBICp fBICe fBICe

Mx 3 44.19 1401 38.02" 768 3989 6.12 - - -
6 50.88 527 4905 471 4391 480 - - -

12 5151 721 61.12" 461 70.89™ 539 * * -
Total 49.02 485 4986 363 4999 410 - - -
Mn 3 5479 816 6472 542 76.06 546 - - -

6 60.17 619 7124 558 6727 608 - - -

12 7182 319 6753 592 68.06 4.72 - - -
Total 6508 485 6728 321 7051 3.05 - - -

fBICc, total BIC in control group; fBICp, total BIC at pressure side; fBICe,
total BIC at tension side. Entries with the same superscript letter in each

column were significantly different at the 0.05 significant level; SEM, standard

error of mean; -, not significant; */2 < 0.05.
Mx Mn
*
— |
100 — 100
~ 80 —~ 80
R 0 0 3wk X O 3wk
®) B Buk O 60 B 6wk
@ 40 O 12wk @ 40 O 12wk
20 20
0 0
cBICc cBICp cBICe cBICc cBICp cBICe

Fig. 11. Cortical bone implant contact (cBIC%) of each group for periods.
* /2 < 0.05.
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Table 2. Comparison of cortical bone implant contact (¢cBIC%) for each group

and loading period

Loading cBICc cBICp cBICe £ value
Positi time N EM M EM M EM ¢BICc/ ¢BICp/ ¢BICc/
osition (week) ean S ean S ean S ¢BICp cBICe cBICe
Mx 3 60.39 2354 5364 762  60.49 12.3 - - -
6 6497 1282 5879 602 6073 725 - - -
12 60.65 1135 8347" 334 855 403 o - *
Total 6233 720 6524 415 6861 5.06 - - -
Mn 3 63.11 539 6953 858 6514 757 - - -
6 7381 1971 8227 617 6731 9.09 - - -
12 7088 1328 7663 474 6899  9.38 - - -
Total 6894 670  75.01 413 67.04 482 - - -
cBICc, cortical BIC in control group; cBICp, cortical BIC at pressure side;
cBICe, cortical BIC at tension side. Entries with the same superscript letter in
each column were significantly different at the 0.05 significant level, SEM,
standard error of mean;, -, not significant; */2 < 0.05.
1. & HAY & (bone volume)
AA A = "AAH & BV, full bone voume)& Aot¥ stotol A A i x

TARolol ol Aol dEH A Gokom A7

e
Ho
o,
<
N
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rir

t}(Table 3, Fig. 12).
U JAF F HAH S (cBV, cortical bone voume)& AFote] tutZo] 9%}
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Zol A 334 (75.56%), 125(86.03%) 9} 65(87.96%)°] ®lwsle] & A Z
WA ) go] #2¥ thH(Table 4, Fig. 13)

Table 3. Comparison of full bone volume (fBV%) for each group and loading

period
Loading fBVce fBVp fBVe £ value
time fBVe/ {BVp/ {BVc/

Position (week) Mean SEM Mean SEM Mean SEM BVp BVe [BVe

Mx 3 5355 804 5191 562 4919 7.80 - - -
6 4677 669 4906 382 4391 2.39 - - -

12 4432 756 5518 710 53.87 579 - - -
Total 4810 4.04 5193 311 4877 3.09 - - -
Mn 3 7047 514 6221 613 7259 4.99 - - -

6 52.03 599 6021 789 5941 849 - - -

12 7203 579 6189 481 6064 5.08 - - -
Total 6741 393 6159 351 648 359 - - -

fBVec, total BV in control group; fBVp, total BV at pressure side; fBVe, total
BV at tension side. Entries with the same superscript letter in each column
were significantly different at the 0.05 significant level;, SEM, standard error of

mean, -, not significant; */2 < 0.05.
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fBV (%)

Mx Mn

100 100
o S % B 3wk
" | 3O =6k
40 O 12wk £ 40 O 12w
20 20
0 0
fBVc fBVp fBVe fBve fBVp fBVe

Fig. 12. Full bone volume (fBV%) of each group for periods. */2 < 0.05.

Table 4. Comparison of cortical bone volume (cBV%) for each group and

loading period

Loading cBVe cBVp cBVe 7 value
Position (\E;Ienei) Mean SEM Mean SEM Mean SEM CCI:;/ iz\\//i/ CC?;\/;/

Mx 3 6435 793 7826 674 7586 412 - - -

6 70.33  6.66 71.49" 335 7015 563 - - -

12 7658 582 8728 200 8055 234 ¢ * -

Total 70.97 378 7914 276 7508 269 - - -
Mn 3 7657 648 7428 550 7556™ 440 - - -

6 6897 2727 8293 789 87.96° 172 - - -

12 7494 1197 8475 3.03 86.03 181 - - -

Total 7439 648 80.06 311 8219 224 - - -

cBVe, cortical BV in control group, ¢cBVp, cortical BV at pressure side; cBVe,
cortical BV at tension side. Entries with the same superscript letter in each
column were significantly different at the 0.05 significant level, SEM, standard

error of mean; -, not significant; */2 < 0.05.
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9 80 = 80
< B 3wk R
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o 40 O 12wk o 40
20 20
0 0
cBvc cBVp cBVe

cBVc cBVp cBVe

Fig. 13. Cortical bone volume (cBV%) of each group for periods. */2 < 0.05.

t}. #7138 I &S (mineral apposition rate)

0 3wk
B 6wk
0 12wk

HdFo F71d AL (cMAR, cortical mineral apposition rate)o] AF<¢tol A

WA GuE, A3 AolelA fol@ Aol gtk Aol A o]

=

ko] =2 F71d HzEol #EHAY (#2 < 0.05). 2 9 A7IE o7 Aol

ols
o
£
=2
>
(@)
=
>
=
Lo
Ho
Lo,
r
2
o
rr
e
it
)

3FoMETG W F71d HAEo] By

32

th (2 < 0.05). (Table 5, Fig. 14).
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Table 5. Comparison of cortical mineral apposition rate (cMAR upm/day) for

each group and loading period

Loading cMARc cMARp cMARe P value
.. time c¢MARc/ cMARp/ cMARc/
Position (week) Mean SEM Mean SEM Mean SEM MARp cMARe cMARe
Mx 3 302 052 264 021 339 041 - - -
6 260 021 269 028 318 0.23 - - -

12 271 028 290 025 261 047 - - -
Total 27 019 271 015 314 0.20 - * -
Mn 3 339 014 341" 029 313 032 - - -

6 3.01 025 281 022 245 025 - - -

12 233 064 251" 028 246 0.8 - - -
Total 291 034 281 018 262 015 - - -

cMARc, cortical MAR in control group; ¢cMARp, cortical MAR at pressure
side; cMARe, cortical MAR at tension side. Entries with the same superscript
letter in each column were significantly different at the 0.05 significant level,

SEM, standard error of mean; -, not significant; */Z < 0.05.

cMAR(um/day)

Mx Mn
5 5
=
4 g 4
5 O 3wk E O 3wk
B gwk s 3 B gwk
2 O 12wk % 2 O 12wk
1 31
0 0
cMARc cMARp cMARe cMARc cMARp cMARe

Fig. 14. Cortical mineral apposition rate (cMAR, pnm/day) of each group for
periods. */2 < 0.05.
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2. = 3 A & (bone formation rate)

v dZ9 & A& (cBFR, cortical bone formation rate)2 Aretoll A A A = o

2 AASAA ¢S EY =2 F FAEo] #EHJT (L < 0.05). Z A7z
o) froe Aol BAHA ko 3Fe 6FoA BT AFFoA gutSEg
=2 X P& AAHAY (£ < 0.05). FelA cBFRE dA Aoz Aoto
Aop mt7b AR A FoA st EY 22 & FAE] BEHATHL < 0.05)
b A 71E mwA 65 A AFZel N ERIEy GuSeg & F Ao ¥

ZE AL (P <005 1254 AFFoNA SR =& = A& dEH

Atk (P < 0.05)(Table 6, Fig. 15).

Table 6. Comparison of cortical bone formation rate (cBFR%/day) for each

group and loading period

Loading cBFRc cBFRp cBFRe £ value
Position <£:§<) Mean SEM Mean SEM Mean SEM CC]ZI;P;CD/ fg?;i/ C;FFice/
Mx 3 38 194 137 039 463 142 - * -
6 224 082 319 188 438 1.29 - & -
12 274 08 158 039 214 115 - - -
Total 292 066 231 095 400 0.79 - i -
Mn 3 298 155 115 068 239 0.8 - - -
6 380 058 192 038 345 061 g * -
12 183 055 120 029 283 067 - & -
Total 287 089 139 025 291 040 - . -

cBFRc, cortical BFR in control group; cBFRp, cortical BFR at pressure side;
cBFRe, cortical BFR at tension side. Entries with the same superscript letter
in each column were significantly different at the 0.05 significant level; SEM,

standard error of mean; -, not significant; */2 < 0.05.
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Oiowk @@

@

(6]

cBFRc
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O 3wk
B gk
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Fig. 15. Cortical bone formation rate (cBFR%/day) of each group for periods.

#2 < 0.05.
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Abstract

Histomorphometric Analysis on interfacial bone response
of orthodontic mini—-implant to orthodontic force

: comparison between pressure and tension side

Hee Sun Chung

Department of Dentistry, 7he Graduate School, Yonser University
(Directed by Professor Young—Chel Park 2D.0D.S, M.SD., PhLD.)

This study performed a systematic histomorphometric analysis on the
interfacial bone response of orthodontic mini—-implants to different types of
orthodontic forces. Total 96 mini—-implants were placed in the buccal alveolar
bones of the mandible and maxilla of 8 male beagle dogs. Orthodontic forces
in the rannge of 250-300 gm were applied within 3 weeks on the experiment
group, whereas any orthodontic forces was not applied on the control group.
The interfacial bone response of the experiment group was monitored at the
stress side and tension side, subjected on the orthodontic force during 3, 6, and

12 weeks. The obtained results were as follows:
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1. At 12 weeks of loading period, the full bone interface contact(fBIC) of
maxilla measured at tension side was observed higher than one measured at
pressure side (2 < 0.05), whereas a significant change was not observed in
the measured fBICs of mandible. The cortical bone interface contact(cBIC) of
maxilla was higher at both tension and pressure sides at 12 weeks of loading
period, as compared with one monitored at different loading periods (/~ < 0.05).
The c¢BIC of mandible at pressure side (75.01%) was higher than one

measured at tension side (67.04 %), but a significant change was not observed.

2. A significant change in full bone volume (fBV) was not observed for both

maxilla and mandible at various loading periods.

3. The cortical bone volume (cBV) of mandible at pressure side (79.14%) was
higher than one measured at tension side (75.08%), but a significant change
was not observed (2 > 0.05). At 12 weeks of loading period, the cBV
measured at pressure side (87.28%) was observed higher than one measured at
tension side (80.55%) and the control group (76.58%) (Z < 0.05). The cBV of
mandible measured at tension side was higher at 6 (82.19%) and 12 (86.03%)
weeks of loading periods than one measured at 3 weeks of loading period (/2

< 0.05).

4. The cortical mineral apposition rate (cMAR) of maxilla measured at tension
side (3.14) was higher than one pressure side (2.71) (Z < 0.05). The cMAR
of mandible at pressure side was higher at 3 (3.41) weeks of loading periods

than one measured at 12 weeks of loading period (2.51) (Z < 0.05).
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5. The cortical bone formation rate (cBFR) of maxilla measured at tension side
(4.00) was observed higher than one measured at pressure side (2.31) (2 <
0.05). The ¢cBFR measured at tension side was higher than one measured at
pressure side at 3 and 6 weeks of loading period (Z < 0.05). The ¢cBFR of
mandible measured at tension side (2.91) was higher than one pressure side

(1.39) (# < 0.05).

Based on these results, we concluded that the orthodontic force loaded on
mini—-implant had a positive effect on the stability of mini—-implants. The
orthodontic force have greater effect on the maxilla in the respect of bone
reaction and bone-implant contact rate, as compared of mandible, and
enhances the bone formation rate on tension side than pressure side and
control group. This result indicates that orthodontic mini-implant has not only

static but dynamic dynamic response to peri—implant bone.

Key words : Orthodontic mini-implant, Tension side, Pressure side, Histomorphometric

analysis.
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