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Micro-computed tomographyZ o] £ 3t

BH4 Ay YEAE AW A FEA

o el 9w, AW AF HHe] FAzre] sad Bu ohsh @ 24 A
Aol Ae 5 e wal AHe 57k ABHolo] A oxe Al A, YA

B g3 o]#d ddES H9s 4 9= micro-computed tomography(uCT)=
=7 WAE vy YESHE] AW BAE ANES D, 2 ASTH 243 v
st I f3AS HrlstaA sk A 3vkglel 24 1.8mm, Z°] Tmmel o
micro-computed tomogram(Skyscan 1076, Skyscan, Aartselaar, Belgium)o =
gt & g5 ¥ES AZse] ZtelA & WAY & (bone volume)d & A
% & (bone implant contact)& AlZ, Wl xste] Y& 22 235 A4

1. 27 &gol=9 olef T FAL uCT oA (uCT108)ol A SAHE = HWH

A EA el AT (p<0.01).

2. %27 &eho| =5k BUR T UCT o MAWCTIRS Vv JBHE F9 2

AAE W st nCT o] v A (uCT1800)l A SAH € = WA &S Fox7F 9
o™ (p<0.05) FHATE 09697 FATA R Folg APA ddAol UM

H(p<0.01).
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Micro-computed tomographyZ o] £ 3t

BAE Y JEAE TAW A FEA

2
I. A &
WA MY YEAES n4U0R o FFoA BAY Fx Yo% LAY

Aotolgol AsaAge Wit of

A Aol olFk Thss el

R
=3
o
ofl
o
fols
i
o
A=)
I
of
12
s
[
X
dot
=

¥ 9 th(Kanomi, 1997; Park %, 2001; Kyung %, 2003; Lee %, 2004; Roth %,
2004; Carano %5, 2005; Kyung %, 2005; Park %5, 2005). s}A| 4k vy JZHEES
AP e® olgoty] M= AYH F

(Deguchi %, 2003; Carano %, 2004). &34 vy 23 F

=3 2a7e] ZAA A st LS deve AddlE Ao

2001) A4 AL vy ATeEel =rhe ABRAA 450 ¥edo] we

(Deguchi 5, 2003) WA & w1 dZFdEe] dFAE 2hFe] B5Heln 2
fto] wAE WY PEAEe] AFAL RAT 5+ AL AXes HoArh o



2000).
E fraol Youhe YEAES

A (Heidermann %, 1998; Brown %, 2000; Homolka %, 2002; Hitchon %, 2003;

3
il

AME Brhstes PRoEs AA g4d &

7 2003; Carano %, 2005a)3 72 A2 HH(biomechanical test)¥} ZZ A
a4 B4 Wil glem 24 AF EAHoz= = 35 E(bone implant
contact)¥} & WA H| & (bone volume)S A Z3= Aol 7ba kA o] t}(Senneby

5, 1992; & 5, 1997; Iamoni &, 1999). A7 A9 A3} 22 A0 HH

S Y5ty "o AA AAE FAHY g2 F7HA FAHo] BT GHo
Atk T oA (M JjiME, anisotropic) S AUE FAZ EAI 3x9 FR9 o

i<}

SUES 1Y U @ AUUNE BF, YAss ol 2 oAy BAL @

Gl

7FE arel §lth(Rebaudi 5, 2004).

A TE 1980 tH-E] wl Mz Ao st 32940 #Eo] 7}F$ micro-computed
tomography (uCT)7} 7 2% o] (Feldkamp 5, 1989) ¢ 8 2 A &8} oo A <] n]
Az B obyel dA3 ey 349 maAl 2 49 22 g YT &
ofell A & ¥ vt FxAS BFE7] HF uCTe 82 A A& Fof
(Guldberg &, 2004)¢t =vtg5o HAI} & HAHLS AHstr] HF o] A+
(Kapadia &, 1998; Patel &, 2003)o] §&=o A= T gt AR ofe}
FAT] FAL 1 FxRA 55 #d AFsE ASHol x/E ¥ dx
(Feldkamp %, 1989; Kuhn %, 1990), %] 2|8t Eofo| A= ThF3t d oA &£
(Balto %, 2000; Gissen %, 2000; Bergmans %, 2001)3 7] HEE UZHE
AW A BXo] AxH vl gth(Oosterwyck %, 2000; Sennerby %, 2001;

Rebaudi &, 2004; Stoppie &, 2005). stA| ¥ nCTE2= a% A dEHET X

=)
et
-
g2
X
£

gl AlHoA = AWM F54 84 (metal artifact)S %7 T
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A8 125 F AF EBES AN, 2 EHol=¢ micro-computed
S o] g3l vy AdZHE FHo FAo Z DA oFE notchE: FA e (Fig

2. 1 % vy 9ESEV} THE 24 BSS AAHL uCT B AAA 10%

Fig 2. Coronal & sagittal view of the notch on the head of mini—-implant.



Z}. Micro-computed tomography ¢ 9

1. Pre-set of uCT
uCTE Skyscan 1076(Skyscan, Aartselaar, Belgium)(Fig 3.2 AF&3t%th. o n)

29¢ B5o] M T WA AL & 9

=]
= 0

-100mm object positiondl A flat fieldZ

Fig 3. Skyscan 1076 micro—computed tomography.

Table 1. Values of micro-computed tomographic scanning parameters.
Pre—set values

Al 0.5mm + Cu 0.038mm

Filter
Resolution 9um
Voltage 100kV
Current 100mA
Exposure Time 6479ms
0.6°

Rotation Step




2. Al ¥ 9] positioning

A9 olnAE @n BHE golds fuA v YBGE Sepoluw

custom made object holderE A 23} th(Fig 4). Object holder®Z ZAA|HS ¢
AAZL 3 90° FA 02 scout viewS 2% 3l9] scanning widthE A A s o]
o i 7+ B3 & (attenuation transmission)o] 60%7F HEE x=E A S thA

Fig 4. Custom made object holder.

3. uCTY #9

Frame averagingS 322 AA3t1 360° A #Fgsdt. RE oA = 10
Megapixel(4000x2300x12bit) cooled digital X-ray camera with fiber-optic
coupling to scintillator2 HA<%¥ o] 2000x2096 pixel?] TIFF 3d = A5 9t}

3 Al F 400%F 9] scanning time°] 4 2 % 9t}



"l Image Reconstruction

Image Reconstruction

1.
3549 9443 = Dual Intel Xeon 3GHz CPU® 2G memory S W43 7 FE

o =]

o] Nvidia quadro FX 13009 v|tj & 7}=E o]g3lo] BMPHYUE A FA L o]
£ ©A] Nrecon Ver 1.3(Skyscan, Aartselaar, Belgium) T 213 o =2 (0-0.0731
M9 gray scale levelZ2 A AT oluwl smoothing level 1, ring artifact

reduction level 7, beam hardening< 37% %2 A APtk o HolgHE thA A

i
o
i}

Z 2+ E 9] axial image® A A3 A (Fig 5). AAE AHY axial image:s %
Zetol=gt HuwT F JEE v JEAE

E 9 tip

N
[

o ¥4 ¥ notchet Y d=

e

o

A A3 sagittal planeo] ¥ A5A 9ume FA 2 reslicedt S aL(Fig 6)
ol@ A MAHA sagittal imagerx THA ROI(region of interest)® A 3kslo] A #a}
A tH(Fig 7).

un

FhyZean_I070

Fig 5. Reconstructed axial image of a mini—implant.



Fig 6. Re-sliced sagittal image of a mini—implant.

ROI ! el
Fig 7. Micro—computed tomographic image

limited to ROI(region of interest).



Fig 8. Establishing the ROI(region of interest).
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hard tissue grinding system(Maruto, Japan)© 2 100-110um 72 H] €3]
S A28k toluidine blueZ 9 A5} 9 o},

wE
Al. Reslice of micro-computed tomographic image

20m 9] g8k Hw|AslolA HFdE 232 EFtol=d MY #AF I (trabecular

pattern)®} nCT oju A9 =2 F

Ao A% Fust 94X

2

7}A uCT ©olm =] 9 slicing lineg 0.1°% 3] A A A
ojul 2] & A 7139 thH(Fig 9)

Fig 9. Verification of the trabecular pattern on a histologic slide(A)

and micro-computed tomographic image(B).
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o}. Optimal threshold® A #A

%4

)
AL
o
Iy
fo
e
N
i)
=

@)
—

olu] 2= CTAn ver 15(Skyscan, Aartselaar,
Belgium) Z2Iaow =3 vy JEFE] e thresholds 27 A A 3o
binary image® ®&ATt. T} =54 FEE HdAE ZRaH9

automatic threshold 7] %< ©]

Fig 10. Selection of threshold between bone and bone marrow.

=

Fig 11. Selection of threshold between bone and mini-implant.
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2 & dAN e = H5E9 A

m

1. uCT olm Ao A2 A=

il

HAH &L CTAn ver 1.5 ZE2 190 2 binary image? ROINA my o
HEZ A3 AHo i F HyES =AHso] AsA.

T AFHEL Y vy JEFE diste] HAE thresholdg 7T o2 Wy

S

binary imageZ o] &3o] CTAn ver 15 ZT 213 ROI shrink wrap, reload
plug-in, volumetric operation 7] 5o & 3 HZ3E vy IdZHE HES mm
GHE AZFste] o] ROIM EFH vy AZSHEY YA Aojo tiad %=
A %ksE A

= HAEFEY T WAEES 24 Sdol=g uCT ojv A9 Fd= FH7E 44
3l sagittal slice®: TA SR, 227 &Fol= 9 F/(100-110um)8t T LI=H
sttt T, FrHA R Y YJEFE F = HAAY

%!

I 22 200709 slice(1800nm)ell Al =74 s %1 tF.

1270 slice(108um) ol A

J[Nt
ol
2

1. = "3 &

SPSS Ver 11(SPSS Inc., Chicago, IL, USA) B/ T2aow x4 Zgol=
o o]o} FUd T uCT °l" A (uCT108), MY JZHE F9 & HAE v
3t uCT o] v A (uCTI800) oA AZd = WAn&o H#3 FF AAS T3
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1. A4+ 23

7}. & W A Y] & (bone volume)

Z WAREL 22 £8o] =9 micro-computed tomography(uCT) o]wn] %] =&
o A @totell A o] 2 & yEbH I tH(Table 2, Table 3).

z4 &dol=et FdTF FA9 uCT108% =27 &Eetol=o e & WAH &
}ol
!

fifo

o
rir

N

Hla gk A3k A, oskeb ol A nCT10891 4 9] grol © 2 ar(p<0.05) =L

ol
£2
=

A, stob mEAA o 4%dth e AZAEY EF ARE M 2HAA

uCT108% "y AETFE F9 = HAE XF3t+= uCTI0091 42 = HA8 &
of mla A, uCTI8000 Aol = WA &o] AA YEFEtH(p<0.05). A" 1
Aol= A A ol stotelA o & Aolrb UEWGAINE FF HabE shetel A
t ZAth(Table 3).

4 &etol =9 nCTI108, 24 &etol =9 nCT1800, nCT1083 nCT1800°] 7%
z32 &grol=9 uCT1089 & Ag+ 0.900(p<0.01), =2 &gtol=
9} uCT18003Fe] 3 A4+ 0.941(p<0.01), nCT108¢F uCT18003+e] 3 Ald+=

)

A
0.969(p<0.01)E EF FATAHORE fFofgt HyP4 #AAXHo] A&

o<
%‘}T%)]\}k}\

o

o

(Table 4).
Z2 &gtol=9F nCTI087tY 3|9 &4 A3 B
x Bone volume(uCT108)8] @& FIARYS LS & e I ZA AFs

(R)= 0.81¢] 2 th(Fig 12).

one volume(Histo) = 3.37 + 0.81

_15_



Table 2. Comparison of bone volume according to screw position and

image(nCT108 and histomorphometry).

Bone volume (%)

Histomorphometry nCT108
Position Mean SD Mean SD p value
Upper 40.80 7.98 44.04 5.63 0.03"
Lower 66.46 5.29 70.31 12.43 0.02°

% Statistical significance ; * p < 0.05

* nCT108 ; uCT image with the same thickness of its histologic slide.

Table 3. Comparison of bone volume according to screw position and

image(nCT108 and nuCT1800).

Bone volume (%)

uCT108 uCT1800
Position Mean SD Mean SD p value
Upper 44.04 5.63 47.68 7.13 0.02"
Lower 70.31 12.43 71.51 11.93 0.04"

* Statistical significance ; * p < 0.05

* nCT108 ; uCT image with the same thickness of its histologic slide.

* nCT1800 ; uCT image that covers bone all around the mini-implant.

_16_



Table 4. Pearson correlation coefficient between groups in bone volume(%).

Bone volume

Histomorphometry nCT108 nCT1800

Histomorphometry 1 .900™ 941"

uCT108 .900™ 1 969"
nCT1800 9417 9697 1

* Statistical significance ; * p < 0.05, ** p < 0.01.
* nCT108 ; uCT image with the same thickness of its histologic slide.
* nCT1800 ; uCT image that covers bone all around the mini-implant.

BV (Histologic slide) = 3.37 + 0.86 * BV (WCT108)
80.00

R-Square = 0.87

70.00

60.00 4

50.00

1S 2160]03SIH) awnjoA duog

40.004

(ep

30.004

40.00 50.00 60.00 70.00 80.00
Bone Volume (UCT 108)

Fig 12. Scattered plot of regression model on bone volume.

* BV ; bone volume.

* nCT108 ; uCT image with the same thickness of its histologic slide.

_17_



v}. & H =& (bone implant contact)

4,

ols

bot mFolA 24 &elol=oAe & HFE Hrte pCTIRN A = A
g0 A YEHH(p<0.05)(Table 5). A& +4 23 43 AFs 08298 1
(p<0.01)(Table 6) = 37 #2723 Bone implant contact(Histo) = 3.28 + 0.84 x
Bone implant contact(uCT108)¢] @< 3|ARP S Ao 1 AA AFR)IE

0.69% v+ (Fig 13).

Table 5. Comparison of bone implant contact according to screw position

and image(uCT108 and histomorphometry).

Bone implant contact (%)

Histomorphometry nCT108
Position Mean SD Mean SD p value
Upper 50.79 12.74 57.31 8.99 0.03°
Lower 78.83 7.20 88.55 6.97 0.02"

* Statistical significance ; * p < 0.05
* nCT108 ; uCT image with the same thickness of its histologic slide.

Table 6. Pearson correlation coefficients between groups

in bone implant contact(%)

Bone implant contact(%)

Histomorphometry nCT108
Histomorphometry 1 .829%x
nCT108 .829" 1

* Statistical significance ; * p < 0.05, *x p < 0.01.
* nCT108 ; uCT image with the same thickness of its histologic slide.

_18_



BIC (Histologic slide) = 3.28 + 0.84 * BIC (uCT108)
R-Square = 0.69
80.00 =
@
(@]
T
@
o
> 60.00 =
Q
o
@
o
L)
40.00—

50.00 60.00 70.00 80.00 90.00
BIC (UCT 108)

Fig 13. Scattered plot of regression model on bone implant contact.

* BIC ; bone implant contact.

* nCT108 ; uCT image with the same thickness of its histologic slide.
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YETEZ AH4 HFS olFa e A Aosta Ut micro-computed
tomography (WCT)= 33 @v7 A= ey =S 7
uCT olwAR =3 JFHE AWE Hristax dovbd 7h
ojmAE 7] AT w=FHo] fAdHojor & Fojtk. wEkA oyl Ao HE A
9AE F2 ouAE A7) 9% uCTe AAoArk. & dAMIE A=
titanium o2 WEZ vy JEHE] WA o] FastH el Mgt Wi 2
ZroF & 3t (attenuation effect)7t WERTE ol H A wig Aol FoF EAE e
TEI Folghs Folx =AM FHAH ouAES @7 HuMA oA HAES

zAEA B2 oqn] HEE AFEA dol ovAES Hlause] dAGgE

il

S HF AAs U (Table 1). 4 &4 %=+ Skyscan 10762 ol 4= 9um

N

2 3t #F9 Al 7H(scanning time)°] 400% A EZ wj$ ZojH x| vt ou] 2o

[e}

A3 (Fig 14) 2= FHy 718k mA x5 @267 A= Ad =
o ol A7 Bag Ao FAEHAY. £ = AWAAN Yeues 254 dde

H A 33822 copper 0.038mmE 0.5mmY] aluminumol] 23+ filterE A2, Al&
SR, vy JEFHE =go|HE o]&3F custom object holderr: Al 25}
scanning bedell 93 m A3 2 Aste WASAT. 2gn 1354 oA

A7) 93 360° scanning®= A ATt oY F wHEEE FE£A FHAo HAFH
Fo A9 4T olMAE 2L + AU Aol uCT oluAdNA FH4 84

1]

)

PYZSTEE A4S tip A F of #FHJAAT 2-4 voxels WA= %
ow Hit 3 voxel27um)E vl H FUI UGS HAFUU olE EY
Rebaudi %(2004)9] 45um, Stoppie % (2005)¢] A-Fol Mol <oF 60umet ®lne w
HasH v = F Ak AT 554 e F9 2B oy dE
E9 Ao M E JFE BHE F US5E nelstoop & Flojt},

olgf g uCT olm At 27 Shol=olAM = AR &3} = HFES A5

_20_



Y

35um 18um 9um

Fig 14. Comparison of micro-computed tomographic images

with different resolutions.

=

iy

WA ge 24 2%, 24 sol=nt 24 SHos=s FUD

- u
CT108°1 A4 ¢F 4% ZLA AZEHUL ol UZHVEV} ¢l Alde WS o

B\

3 Muller 5(1998)8] Ao A9 25% Z7FeF #4138 A3 2 ®o|w, Stoppie &
(2005)9] 7.95% F7I9= FAe AFgFS HoF1 9t} Rebaudi 5(2004)2 o] ¢}

AR
CoOe o 3%e FaE Rad v 9Aw o AR @ sihe AHAA Aej
3Nl Zefolmel o Awel e gekstolof & glolth E, MY YEAE F9
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Fig 15. Three dimensional reconstruction of a specimen.
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Abstract

Validation of micro-computed tomographic analysis of bone

around orthodontic mini—-implant

Tae Kyung Kim

Department of Dentistry, The Graduate School, Yonsei University

(Directed by Professor Young-Chel Park D.D.S., M.S.D., PhD.)

The implant-bone interface is commonly evaluated in histologic section by
morphometrical measurements. But, the processing of sample containing implant
is critical, tedious and time consuming, and the procedure has a destructive
nature that does not allow a three dimensional analysis of the bone structure
around mini—-implant.

The aim of this study was to validate the efficacy of a micro-computed
tomography(Skyscan 1076, Skyscan, Aartselaar, Belgium) for analysis of bone
structure around orthodontic mini—-implant by comparing micro—-computed
tomographic images with their histologic homologues.

36 orthodontic mini—-implants(ORLZ/S, Ortholution CO., Korea) were placed
in the buccal jaw bone of 3 beagle dogs. After 12 weeks, micro—computed
tomogram of the excised specimens were preformed, and histologic sections
were subsequently made. After matching the homologues, bone volume and
bone implant contact were measured.

The obtained results were as follows:

1. The bone volume, measured on the histologic slide and micro-computed

tomographic image which has same thickness with histologic section(uCT108),
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had statistically significant differences(p<0.05) and significant linear correlation.

2. The bone volume, measured on the pCT108 and pCT1800 that covers
bone all around the mini-implant, had statistically significant differences

(p<0.05) and significant linear correlation.

3. The regression equation between the bone volume on the histologic
section and the bone volume on the nCT108 was calculated. The coefficient of

determination was 0.87.

4. The bone implant contact, measured on the histologic slide and pCT108

had statistically significant differences(p<0.05) and significant linear corelation.

5. The regression equation between the bone implant contact on the
histologic section and the bone implant contact on the nCT108 was calculated

and its coefficient of determination was 0.69.

These results showed significant correlation between parameters measured
through histologic slide and micro-computed tomography. And this study
presented a standard method of taking micro-computed tomography and a way
of analysis on bone around orthodontic mini—-implant with micro-computed

tomographic image.

Key words : orthodontic mini implant, osseointegration,

micro-computed tomography, histomorphometric analysis.
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