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=9 Zx g3l oy, Xz 9
o]Fo] dojd A A4 HEI TS FFEo] S & St B AFAME
yvoungv (125) 3 adultw (B—-1271¥)C 2 o] ZH o] 40g9)

=
=
SWE S AEAoE 745 &, Micro CTEYS Fall A% 2 A7t & =4

1. Youngw oA adultw Rt} X|o} A Ale] Al ®W3}H(p<0.05), F3 Ako]
A el ®M3H(p<0.001) 7F F8tA A YERStE. 18y X|of o]F Aol W=
Aol W Fost xpolrt gl

2. YoungTolAdE= 9= H@AZAM 1F wW FHF 0.82mm(p<0.05) 9
o] dojy} 25 w 0.6lmm, 35 @ 0.18mm= =4 EHF2| o]
itk Adultell A s 215 S -zelA 15 o 3t 1.04mm (p<0.05) 9
¥ ZFo] dojrta, 25 o 1.50mm (p<0.001), 35 W 1.54mm (p<0.001) & =1
A2k S7Fskith,

T 11
X 2 oXx

o2
o

3. & F9¥E youngwolA 15 w B 4.92mm® 745} (p<0.001) 25
84mm°, 3F W 0.12mm’¢ ZAFS Kol AFlo] AGFE Hxl HEE=
e BATh AdultdelME 15 W F 5.08mm’ HAdh}(p<0.05) 2F o
4.00mm°, 3F W 2.72mm’¢ ZAFS Bl youngTAA S o] AJ7to]

4, ZF AE719 AHA EX oA E young(p<0.001), adult(p<0.01)9] 25
Tof| Al ZJof T4 Ato]l A-el & F3] AtolefA {oA Qe dEIATE YER
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WAqoN LH Ao} o|Fe] %

24 B39 AYZ2 Aol

i

AN TR AFARE A wwE A= HHE dold F=d
Ao} o]Fo] AastH, ol HT vUAARF o Ao Q& 1 Jbeidol &
= ek 28y W g o} olF e A F, = AU, = Ay T
£S5 Jed 4 9o (Horiuchi 5, 1998, Wainwright %, 1973), o] uz} %
2O kgl disl ool AVlE & vk EE, HZ Av]AQl o] oigh o
Aol AAWA ARlelM e uAgAR Fok F7ketal o, o} ol Al uE
U Z/HES Agel mE Aol o ets] wE A A b Aol

Aotz FE Y -AF ool wet olsdvi dHA Aok (Proffit -,
2007). wrg=el o dF Wsrb AE ®stE oprlstal, ol we} Ao} olF

d

Aol elofuitha el glov], FuEel AFHe T Pyol Aold el b

g Ao} g0l shsaltt. ol WA 294 (Bpker %, 1965)0)2 W H It}

Vuji $(1998)& Hote] wA e Hgsele W, grerZelae] way 294y

g wAsy 1 PuE 2PN, Verna S(1999)S B2 AAA A9 ofF

Ag oBARS wel el FuE Axod AR W AYEE 2L
-

Stel A2ow qlago] A



olgst FAA Mo HHal, Garib 5(2006)2 rapid maxillary expansion A}
22 95 A= F9° WstE computed tomography (CT) & o] &38to] #2st
A3, Bt 124419 7] el AL ag-AlelA Bt 7.1mm, Al A
A Bt 3.8mm2 = HFo] dojdE RuEqlth ek, 1 §he thE off o
TEAME gt A A 52 W olF Al AL HF, Axu FF T2
£S5 1139 (Artun 5, 1987, Sarikaya %, 2002).

oMol wAHAE Fo7t SUtetHA BAA =3Ado] Al wet A

of e Aol SHE I Atk MR ATAAE FAASS

A
¥ X FxZo] FUE xzolo] o) FS

Y

A Aol e Aot olFs Blws 4
oA © w=3 @ Xolo]Fo] vrehd
a8y 99 AFe ke E HuE e AFELR l+=dl, Kabasawa &
(1996) & WA o] Azxzoll AEHAS 7HiS W] d”el we ¥3s aET
Aol Ak Ab=o] ZhsfAd A"l wE &7
King 5 (19912 Yol WA oA 574 H2919 ZAEL sHo] "ojxu o= 11
ool FAE 2A7F BEge] uel BAHY] wie] Aol wE & Abke] gleo]
=E7F deojdrial Bashgit
oA HAAA =@ delid= o2l A A7 Aoy, A"l wE A

ool tiald o}H7kx Wets] wHAA e Aot ¥ AT BAL ¥4



1. A+

Z 40vFg]¢] Male Sprague—Dawley ratS %o we} youngd (125,
358.2g body wt) 207+, adultT (8—1270€¥, 607.5g body wt) 2078 =

TR w9, 2 AgPy

AA AR A7) we gRE gHeA g

2
hx, 15, 2, 3579 A+ 47 snlgz 78319tk Pellet diet9} tap

water’} AFHYL, T2, FHF Aol FAHNOSH, stainless—steel

cageol A R A=}

2. Ay

(1) A9 ZA Z# (Fig 1)

o]
=
o
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o
D
o
o_‘i J1'E ﬂ..m_,

= 7(—1 ;q oﬂ

2 4 QEE A3} stgon AEY|7 B =7}
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= Al sk A 7IRE st AZ e oF AxA e e
2N
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¢

X

f

=
melo] walo] Welgls AL shelate] A& o] Falx

¥ (Rompun, Bayer, Korea) ¥} Z#| 9 (Zoletil 50, Virbac Lab Carros,
4 W FAFSEY] w3 F high speed 1/4 round bur® ARE-ste] -5
S gAskslth 1 F 0.0147 stainless—steel wire® double
spring= AlZrete] el Akl ekt efololrt AobE A=

A=}
Fo] A7} gt R e % FGlth helical spring 40g%] ¥o= -
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(A)
Fig 1. Appliance setting
(A) : Holes made on rat incisors

(B) : Lateral movement of rat incisors after double helical spring activation

(2) Micro computed tomography (Micro CT)E o] &3 3%}

o

3ol AT

Micro computed tomography (Skyscan micro CT 1076, Skyscan, Kontich,
Belgium) & o] §-ate] A/l8 WA ol Aol Ho2 Bty Bl Qe
974S Rapidform 2006 (Inus Technology Inc., Seoul, Korea) & ©|-&3lo] A4

stol 33904 9L P

@D Landmarks (Fig 2.)
a) Internasal point (N): Most anterior point of the internasal suture in

the midsagittal plane



b)

c)
d)

e)

Prosthion point (P): Most inferior point on the alveolar bone between
the upper two incisors

A point (A): Most concave point on anterior border of maxilla
Incisive superior alveolar point (S): Most superior edge point on the
vestibular marginal alveolar bone of the upper central incisor
Foramen incisivum anterior point (F): Most anterior point of foramen

incisivum

Fig 2.

Landmarks

N (Internasal point)

P (Prosthion point)

A (A point)

S (Incisive superior alveolar point)

F (Foramen incisivum anterior point)



@ Reference planes (Fig 3.)
a) Midsagittal reference plane : midpoint of Internasal point, Prosthion
point, and A point® A A& Ay= FHd
b) Horizontal reference plane @ #FH$=29] Prosthion pointE XA
Midsagittal plane°l] $2Ql 34
c¢) Reference plane for ROI(region of interest): F$=2] A point%
midpoint of Foramen incisivum anterior pointE #t}= #Hw (ROI=

reference plane %2 bones 2Ju])

Fig 3. Reference planes

ROI(region of interest)



4) A=A 54 (Fig 4, 5)

AFo] Wt young, adultw o2 Y-, ZAx] ZA= Al 7te] whel TO(Oweek),
T1(1week), T2(2weeks), T3(3weeks) O ZE 0], oo wE Xo} =4
Atol Adl, B3 Atel A, Aot ol AR, =4 HF, = FIo F 5/ HFE

A58

|\

@O Aok T4 Akl A (D)

. Prosthion point 1mm AP¥2] g o &

o
o
ofy
i
)
ofy
ks
>~
>
o
1o
A
i)

@ &% Atel 719 (S)
: Prosthion point 1mm %9 @A ¢ 242 24S AUE

Al X e WS Az Atel A

@ Ao} ol & A (M)
D Ao T4 Aol AZ(D) - B Akl A=(S)’

@ =4 H5 ®

: Horizontal plane®l 4] Incisive superior alveolar point7}#] 2] <=2 A €]

® = F39N)
: Reference plane for ROI(region of interest) 3t%el ¢ ZHA=

Eelg 3o 37



Prosthion point 1mm Atdte] chy |

Fig 4. Measurements for tooth movement

D: Distance between the center of teeth, S: Suture width

Fig 5. Measurements for alveolar bone change

R: The perpendicular distance of Incisive superior alveolar point to the
Horizontal plane

V: The volume of bone below the Reference plane for ROI



(5) ASA9 B4 9 SAA

A
bt

Im

ol

@

=)

o

255 SAS 9.1 Ver(SAS Inc., North Carolina) & ©]&3to] 74 %2

i

Zob FA1 Afol AE, B Abel A, Aok olF A, 24 HF,

59 % 571 W5 PiEd BEAAE T

=]
H

o

Alzbe] WE BluE 98 youngT ¥ adultvS Y7o ANOVA test®

AtEAA- o F Tukey testE A 83} T

AHFZ v wE 8 2 AZINEE youngT ¥ adult™ 9 Independent

570 WEe] A" W A7 wE AddA 4 95Fe] Spearman’s



o A+2a3

1. Ao} o)l o B4

(1) Mgk W Aok F4 Aol A, B Aol Ael, Aok olF Aele] Wsl

Youngw ¥ adultirellAl B5F ok F4l Abe] Ag], B3 Abe] A, Ao} o]F
A= AlRel Ad= F7k8k3iH (Table 1))

B Atolel A youngw ¥ adultwelA BF 15 W o4 9l o)zt
fARoy,  Algre]l  AdeE HAx Frkstel 25wl youngw (p<0.05),
adult7* (p<0.05), 35 @ youngv (p<0.001), adult(p<0.01)9 #4 U+s
2}olE H Ytk Hof o]F AglE youngw ¥ adultitolA BT A|ZFo] A=
15 (p<0.05), 25 (p<0.01), 3F(p<0.001)el AA FA4 AA F718k
(Table 2.)

o

Table 1. Measurements of the suture width and the tooth displacement in

young and adult groups (mm)

) TO T1 T2 T3

Age Variables
Mean S.D. Mean S.D. Mean S.D. Mean SD
v D 2.44 0.13 3.31 0.12 3.93 0.24 4.84 0.68
‘r’g:g s 008 001 036 006 08 033 151 044
9 P M(D-S) 2.36 0.14 2.95 0.07 3.07 0.18 3.33 0.28
Adult D 2.84 0.13 3.39 0.26 3.68 0.17 3.95 0.36
u S 0.09 0.02 0.15 0.04 0.32 0.03 0.43 0.21

group

M(D-S) 2.75 0.12 3.24 0.24 3.36 0.17 3.51 0.20

10



(A) (B) ©) (D)

(E) (F) (@) (H)

Fig 6. Time—dependent change in young and adult groups (frontal view)

(A) : Young TO group, (B) : Young T1 group
(C) : Young T2 group, (D) : Young T3 group
(E) : Adult TO group, (F) : Adult T1 group
(G) : Adult T2 group, (H) : Adult T3 group

11



(B) © (D)

(E) (F) (®) (H)

Fig 7. Time—dependent change in young and adult groups (lateral view)

(A) : Young TO group, (B) : Young T1 group
(C) : Young T2 group, (D) : Young T3 group
(E) : Adult TO group, (F) : Adult T1 group
(G) : Adult T2 group, (H) : Adult T3 group

12



(2) AFel W Aok T Abo] Ael, B Abe] Ael, Ao} o]% Aele] Wi

AlZkell #BAIGle] HoF F4 Abo] Al W3 (p<0.05), &F Ato] A e
W32 (p<0.001) S youngio| adultvRtt o4 dA & 7S vErg o
Ao} o] Ao WMzl F F7He Foxb7F ¢l (Table 2.)

Table 2. Comparison of the suture width and the tooth displacement between

young and adult groups according to each time point (mm)

Young grou Adult grou
Time  Variables 9 group group Sig.
Mean S.D. Sig. Mean S.D. Sig.

AT 0.87 0.12 ** 0.55 0.26 * *
(T1-TO) S 0.28 0.06 NS 0.06 0.04 NS ek
M(D-S) 0.59 0.07 * 049 0.24 * NS

AT D 149 024  *** 084 017 ** *
(T2-TO) S 0.78 0.33 0.23 0.03 *
M(D-S) 0.71 0.18 * 0.61 017 * NS

AT D 240 0.38 *** 110 0.36 *** *
(T3-TO) S 143 0.68 0.34 0.21 ek
M(D-S) 097 044 ** 0.76 0.20 *** NS

x: p<0.05, *=x: p<0.01, **x: p<0.001, NS: not significant

25

15 —t=—Young

== Adult

0.5

AT(T1-TO) AT(T2-TO) AT(T3-TO)

Fig 8. Distance between the center of teeth (AD)
The change in the distance between the center of teeth were greater

significantly in the young group than those in the adult

13



16
14 - /
12

0.8 -

—4—{oung

0.6 — == Adult

0.4 -

0.2 +

AT(T1-TO) AT(T2-TO) AT(T3-TO)

Fig 9. Suture width (AS)

The change in the suture width were greater significantly in the young group

than those in the adult

1.2

1

== Adult
0.4

0.2

0

AT{T1-TO) AT{T2-T0) AT(T3-TO)

Fig 10. Tooth displacement (AM)

The change in the tooth displacement showed no significant difference

between groups
2. Ao} 9| Az digt &4
(1) Azbel e 24 5% 2 2 Huo g

YoungT oAM= €15 FJ@AZA 15 ol FHt 0.82mm(p<0.05) 2] =74 EFo]
dojupr}, 25 w 0.61mm, 35 = 0.18mm= =4 HF o] Hxk gasdnt
T ByE 15 9 Fy 4.92mm’Z F94 A #Ash}(p<0.001), 2F

14



0.84mm°, 35 = 0.12mm’¢ 2% wo] fxFa F93 Fol7h Ui
Adult oA &= 915 Fd=olA 15 o Bt 1.04mm(p<0.05), 25 = 1.50mm
(p<0.001), 35 @ 1.54mm(p<0.001)¢] =74 EFo] dojwrt. & HI&= 15 9
H 5.08mm’Z Fo4 A FAEH(p<0.05), 25 W 4.00mm’, 3F
2.72mm’¢] 2 wo] it f23k xpol7} 9l (Table 4.)

Table 3. Measurements of the bone recession and the bone volume in young

and adult groups

. TO T T2 T3
Age Variables
Mean  S.D. Mean S.D. Mean  S.D. Mean SD
Young R(mm) 4.64 0.32 5.46 0.64 5.25 0.86 4.82 0.70
group V(mm3) 3269 0.68 2777 202 3186 167 3257 1.26
Adult R(mm) 4.64 0.40 5.68 0.44 6.14 0.50 6.18 0.44
group V(mm3) 5055 154 5447 3.61 5555 173 56.83 142

g

(2) dB we =4 =HE 9

17Tl A= adult* K.tk
Lo} EAHoR Hoxt=
AR oL, -3 9
2okt (p<0.05). 3F A= =4 HFE FO<0.0DH} =
(p<0.05) E%F youngv-o] adultXH.tt 24 A Zgkth. (Table 4.)

young-o] =4 HE 4
=

AT 2F Tl =

[e)
Fase

ar

young-©]

1o

Table 4. Comparison of the bone recession and the bone volume between

young and adult groups according to each time point

Time Variables Young group Adult group Sig.
ean S.D. Sig. Mean S.D. Sig.

AT R(mm) 0.82 0.44 * 1.04 044 ~ NS
(T1-TO) Vv(mm3) -4.92 202 ** -508 3.61 * NS
AT R(mm) 061 0.8 NS 150 050 ** NS
(T2-TO) Vv(mm3) -0.84 167 NS -400 1.73 NS *
AT R(mm) 0.18 070 NS 154 044 ™ **
(T3-T0) V(mm3) -0.12 126 NS -2.72 142 NS *

x1 p<0.05, #*: p<0.01, **x

- p<0.001, NS: not significant

15



1.80

1.60
1.40 +
120 +

1.00
== Young

== Adult

0.80 + e
0.60 -+
0.40 -

0.20 - =

0.00 -
AT(TL-TO) AT(T2-TO) AT(T3-TO)

Fig 11. Bone recession (AR)
The amount of bony recession gradually decreased in the young group,

however, it gradually increased in the adult group

0.00

-1.00

-2.00 —

—4—Young
-3.00
——Adult

-4.00

-5.00

600 | AT(T1-TO) AT(T2-TO) AT(T3-TO)

Fig 12. Bone volume (AV)
The bone volume decreased in the first week, but gradually recovered with

time in both groups

Zb WEERe AdA#A BEAoaE young 25 (p<0.001), adult

257 (p<O.0D) ol Aok T4 Afol Aot & Fd AlelelAd {4 e

of = AlZ]el M= o Azt vERA] ekgkth

16



Table 5. Correlations of each variable in young group at T1

Young
(T1) D S M R V

D 1.000
0.872

S 1.000
0.054
0.872 0.600

M 0.054 0.285 1.000

R -0.359 -0.200 -0.400 1.000
0.553 0.747 0.505

Vv -0.154 -0.600 0.200 -0.400 1.000
0.805 0.285 0.747 0.505

Table 6. Correlations of each variable in young group at T2

Young
(T2) D S M R \%
D 1.000
0.700
S 0188 1.000
0.051 -0.667
M 0.935 0.219 1.000
0.100 0.100 -0.205
R 0.873 0.873 0.741 1.000
1.000 0.700 0.051 0.100 1.000
<.0001(***) 0.188 0.935 0.873 '

Table 7. Correlations of each variable in young group at T3

Y?Tusr;g D s M R v
D 1.000

om0y
R

N A e,

o Gmom o tm em

17



Table 8. Correlations of each variable in adult group at T1

Adult
(T1) D S M R \%
D 1.000
0.700
S 0188 1.000
0.667 0.051
M 0.219 0.935 1.000
0.051 0.205 -0.026
R 0.935 0.741 0.967 1.000
Vv 0.200 -0.200 0.667 0.616 1.000
0.747 0.747 0.219 0.269

Table 9. Correlations of each variable in adult group at T2

A(ﬁ;)“ D s M R Y,
D 1.000

s ?:888 1.000

M ooss o3 1000

o BB em

V. ooosey  o0s0s oo osra 0%

Table 10. Correlations of each variable in adult group at T3

A(%)“ D s M R Y,
D 1.000

s 8:?82 1.000

M ooarey  osor 1000

A

V. 058 o505 o188 oss 0%

#: p<0.05, **: p<0.01, ***x: p<0.001, NS: not significant

18
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A o] A& F Ao, Ao} ool oA A ALH ] o] vm|sitt
£ 71E9 A7 (Hamilton &, 1999) &5 F18 ), Ao & JF2 s A2
2 AR HY AR AL 7teglS W WEo] A= b (Steigman
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Abstract

A Micro CT study on the age—related changes in the bony

recession induced by orthodontic tooth movement in rats

Jin—Wook Kim

Department of Dentistry
Graduate School, Yonsei University.

(Directed by Professor Kee—Joon Lee, D.D.S., Ph.D.)

Orthodontic tooth movement is induced by the bone remodeling of alveolar
bone. Various side effects such as bone recession, however, may follow the
excessive tooth movement over the limit of alveolar bone. Thus, this study
divided the rats into young(l2weeks) and adult(8~12months) groups
constantly applying 40g of lateral force on central incisors to observe the
pattern of bone recession according to age and time through Micro CT. The

results are as follows.

1. The changes in the distance between the center of teeth(p<0.05) and
the suture width (p<0.001) were greater significantly in the young group than
those in the adult. In contrast, the change in the tooth displacement showed

no significant difference between groups.
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2. In the young group, an average of 0.82mm (p<0.05) bony recession of
outer cortical layer was shown in the first week, but the amount of recession
gradually decreased displaying 0.61mm in the second and 0.18mm in the
third week. In the adult group, the amount of bony recession of outer cortical
layer was an average of 1.04mm(p<0.05) in the first week gradually
increasing to 1.50mm (p<0.001) in the second and 1.54mm (p<0.001) in the

third week.

3. The bone volume, in the young group, decreased an average of
4.92mm” (p<0.001) in the first week, but gradually recovered with time by
0.84mm” decrease in the second and 0.12mm® in the third week. In the adult
group, the bone volume decreased an average of 5.O8mm3(p<0.05) in the
first week, 4.00mm? in the second, and 2.72mm?® in the third as the recovery

pattern of the young group.

4. In the correlation analysis of each variable, significant correlation was
found between the distance of tooth centers and the bone volume in the
young (p<0.001) and the adult (p<0.01) groups in the second week.
However, there were no significant correlations between the amount of bone

recession and the other variables in both groups in any period of time.

The results verify that the compensatory bone formation occurs in the
pressure side of cortical bone during the orthodontic tooth movement with
more activity in the young group than in the adult. The reduced bone
formation in the adult group is considered the limiting factor of the excessive

tooth movement in the compromised treatment of skeletal malocclusion.

Key word : Central incisor of rat, Age, Quantitative analysis, Micro Computed

Tomography (Micro CT), Bone recession, Compensatory bone formation
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