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Micro-computed tomography (microCT)e] oJujX]= 2, 3394 Fx2 FgEY
of &3 EFolth 2 AEA AL o AT WEE § o] A7
A Hol I, FdE3e Hag R oy, uAdE dEIGEAY 1dE =4
X e 54 sl TASA Hol A AFH BEA v 2AHT F
Atk o]E ANAET] Ys MY F83F Q4 E thresholde] A Aol o]o uwat
binary imagedlA &, FF74, dZHEE FESIL BHFE VT €A ER
Zkzv o] AFA e W GFL v Tt

2 d3e 2AAEYL dAEE microCT  oH] A oA manual threshold
(Manual-T)¢+ grey leveldlAd AFAHo=z2 dojx+= automatic threshold
(Auto-T)E Tl FWAH&(BV2D, BV3D)S 4, stotelAd 7tz 4891, =
AAHo A Ao A= =HA & (BVhisto)# Bl asto] threshold®] Z A ©] microCT
o 2x4 JHEHd A= FFH FELS HrbstaA sk 12449 " 12
Kgel &4 7% (Beagle Dog) 8vtele] 7, &tk FF=o #4 1.8 mm,
self-drilling B9 AL vy AZSFJHE(QOFLLS. Ortholution CO., Seoul,
Korea)E& % 9670 A §3dtal, 125 ¥ microCTE #3td vz 22 A0 o

At

1. Implant®] threshold® boned thresholde] ®]&} A, dotollA =& HA S 7}

A, Auto-T9 Manual-TE ®lud 4$ FoXo] iAo,



2. Bone9 threshold= Manual-T9 H+zko] Auto-TEHT F7}38 oL, 3Feto] A
Manual-T9} Auto-TE v d A EATH KXol Ao (£ < 0.01).

Manual-Toll 4] bone?] threshold= 4, dFe}7re] foAo] ARt (£ < 0.01).

3. Auto-TZ ZFHAELES A A, stetelA BV2D9 BV3DY Ht o]
BVhisto®t} Z7}89 3, BV2D9 BVhistozre &40 At (2 < 0.05).
Iy Manual-TE 23 Al bone volumeZtd F94o] A}

=7
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>
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A=)

4. Auto-T9} Manual-TollA =A% ZFHAHS

i
Mo

FHEE BAY (2 < 0.001).

1%
o
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=WAEBV/TV)S &

2

B 29l o] A= threshold®] ZAAWHol wz}
threshold %toll wel FHA A &o] ko]t 9o, Manual-T W2 o] Auto-T W

2o

1%
o

7kl Tl BEA e BAo) 7}
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o
38
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ARo o FE23 224 &

T3t %= % optimal manual threshold® ZAstE EF3H 7|FS AHsE Ao
248 Zol,
A E = T ML 3 A, optimal threshold, micro-computed tomography,
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4ol £HL F8) o] 04 %t (Roberts, 1988). 12lv} 2AFelstd B4o] B
49 x4 A%

G A@Aeln Assh ool Aol gom, ARy A A

Aet7] wWEel FAAQA e e 4o B wael vk oA
=

o AR AP @ 22 AR AL 5 e A

rulo
o

(anisotropic)& 7HAl= FA = 543 329U 729 JSHEES 1

(Rebaudi %).
Htol wlAzEA e ek 329 el ##o] 753 micro-computed tomography

(microCT)7k 19809 56 7w sle] QdEgEe dgde H7hstr] 98 A4l

il

He BA o] o]Fojx L 9t} (Feldkamp %, 1989; Graichen %, 1999; Park %,
2005; Stoppie %, 2005). microCTE Alg&3lo] ZzA ez HIs A5 w=
vyl g oz & 4 9o in vivo HEAAME 7Fsdtt (Kuhn %5, 1990;
Odgaard, 1997; Ruegsegger %, 1996). 3 Zo 7|A A EA 3 @HI ##Ho

9E 3 BAE AbsA @ 390 micoCTE 4 GFeNAE AE7

=

3} ¥ (beam hardening effect)oll &3t 79k 4=(attenuation coefficienct)e] W 38}
2 artifact7t A71A =Ho] HAZH FHI] W FiRo] oy o] gtk
YZHEAHY udlE BAAANE 5 Ef(streak type)e F4A4 34 (metal
artifact)o] FA st o= A2 A Z3 Ao
microCT 9 A &dto]=5 o] §3t
= B ABBRAE THAL AFe]

Aol = AN dUetvE 554 8 (metal artifact)ell o)A G &g 4 o]
@ BEuyAct (Muller %5, 1998; Stoppie %, 2005). #&A A4S A A3
st FHAeo oluxE d7] YA Rebaudi 5(2004)2 16um<e] 3= <]
microCTE ol &8ttt Bt Adwsta F&g ojnA5 dua sd=e] F4a
FdE2 9 Mol A&EH L 9t}

microCT 9] o7 ¢} =2 F L3k =2 s
8 2~ threshold®] A A o]t} threshold®] 7 o

A=

’

el

GEES FEsta Rt vlEo] @A BR 4o ASACd B2 %



S At (Ding %, 1999; Ruegsegger %, 1996; Stoppie 5, 2005).

microCTE AL olu A& grey level o] ZF TFEZ7] wid AL Y I
HE =5 T3t thresholds =4 &co] Wty = H o= FolF+= automatic
global threshold W2l-& EE ojulAo] HE3e= AL AFXY A5 7MAE
At}
2 AFdAe 2ZAAHZ YASE microCT o] v X o A4 manual threshold<}
grey leveldl A A5 2 o7 Aojx = automatic thresholdE T THAHEES A
stotol A zbzy A ek

2740l microCTS x4 FelEAel mA: @3 §24S BAsknd 59

.



7 49 5E% 29 A=

B od3E 12709 9 12 Kg9 4 A 7A(Beagle dog) 8vtgE thato =
self-drilling B9} 9 A4 vy JZHEHA 1.8 mm, Ao 7 mm, OFLUS,
Ortholution CO., Seoul, Korea)& 2 #3tgor o559 ¢, 49, #g € 43

£ 5L AAEY 4PEE AANRBIY AAE ALY & AA F 1249

vy dZFECH 670, skt 670), F 96707F AFEE oW acid etching %
sand blasting 02 FTA AT 9 Ti-6Al1-4V 249 AdZHET} A&5 )
Godd

g FEO Atropine 0.05 mg/Kgs 3 FAsta, Rompun 2 mg/Kgd
Ketamine 10 mg/KgS A FAlsto AAulHE =3 F 2% Enfluraneo 2
nHE fFASG 2 249 Fo 2L 9 =(heating pad)E A2 FAFH HAHAE
ek = vy JESFE AY AL A Y F9fol o 9y Z " (1:100,000) ©]

THE 2% 9 dEANL ol g3tel & HAE @A A,

stol 2aF o] Uapate] A zFo] @AF Eojrte A AT FAAL
TR AAFANA A WO R 4-5mm sHHo] A YHElo] A= &
Aubol] shetel A B oo Aygsdth Ay F 3Ue gIdIAE 9
&4 Cefazoline 10mg/kgS Fodtgom 2Ad77 Fot

FezdAd §92 ol §3tol WA FHEAE AW



Fig 1. Implantation site of orthodontic mini-implant.

245 ddst g
ot 2 &Z%ol=9 microCT oluA& dAAA7]7] $3] low-speed diamond

AZHE =9 FAo 2, YAoE notchs: FAY

Y
Jdz ey T3HE 22 222 AT microCT 29 AR

2}. Micro-computed tomography®] &3} olux A+ A

2 APAA microCT & 2 A4 WS 142006009 A+ HHE A&t
Atk vy AZTHE positioner®2 ZAHAAAS YAAIZI & 90° HF S0 FE scout
viewE #93}o] scanning width® alignmentE® ZAA SR o] W Fo+ 7T F
3} & (attenuation transmission)©] 60%7} HEE =EFAS tA] AAEA
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AT, BE ol X = 10 Megapixel (4000 x 2300 x 12bit) cooled digital X-ray
camera® A& ¥ o] 2000 x 2096 pixel?] TIFF #td =2 AAHAT. 3 AA &
400 2] scanning time°] &2 F At olH A AFA Al YA WA T HF A

800 nm A#E ZrE = ROI (region of interest)E A AR L, 2 &o]=of A

= F95A AR

Table 1. Values of micro-computed tomographic scanning parameters

Pre—set values

Filter Al 0.5 mm + Cu 0.038 mm
Resolution 9 um
Voltage 100 kV
Current 100 mA
Exposure Time 6479 ms
Rotation Step 0.6°

ol 24 &dhol=el A%

microCT 29 & %4 FES 797 70-100% HAH 1FxxEo 3L 7 BB
3} hydroxyethyl methacrylate (Technovit 7200 VLC)Z ¥wjd & 4587 =

ol g3t MFAeolA A Az dSHE = FAHE notchet "y A=

E9 tipg 943 FHWE 7|F2F diamond saw (Maruto, Japan)® A ¢d}lo]
hard tissue grinding system (Maruto, Japan)2 2 100-110 pm F71¢ v &3 %

2S5 A &5t toluidine blue® 9 A&} 91 th.
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microCT ©]"] A= CTAn ver 1.5 (Skyscan, Aartselaar,
Belgium) Z=2Z a0 2 =¥ vy dFHE g thresholds 2t7 A A3}
binary imageZ W3 A . F3 5 FES HI Z2 oo oA AF
A 0 2 do]x= automatic global threshold 2 A A s Ut L8]l gray scale

histogram® intermediate leveldlA =2z <glol=29] FHeje} A3 A=

Lo

manual optimal threshold #& XA A, T+ 7149 threshold AFA& 7+7}
automatic threshold® manual threshold® A As AT, &3 1y
g threshold= WY YE&E FH FHA s vy JEFE JHo 7

fx2 4439t (Fig. 2, Fig. 3, Fig. 4).

Fig 2. Verification of the trabecular pattern on a histologic slide

(left) and micro—computed tomographic image (right).
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Fig. 4. Selection of threshold between bone and mini-implant.

A, 2 g E st B A (Histomorphometric Analysis)

1. microCT analysis

ZFHAEL CTAn ver 15 L2713 0 2 binary image? ROIA vy dZHE
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o
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o7 z24 &dtol=9 FA(100-110 ym)¢t T L ES 127 ZHA(108 um, BV2D:
2249 microCT #2)ol A grey level2 automatic threshold®} manual threshold

AAR F 247 2AAY. FAHeR vy JSIFE AP 2 20079

f

A3 (1800 um, BV3D: 334 microCT #4])o) A = automatic threshold®} manual
oo}

I
ol

threshold2 443 & FHAXES 7

2. Histologic analysis

z2 &gol=gE Fg dAv|Aslel A 100w 2 Zdste] BMP Y42 AAsta o
£ Image-Pro Version 3.0 (Cybernetics Media, USA) X213 o2 ROI We =

W A & (BVhisto)S =73 3} % t}.

oh BA ®A

SPSS Ver. 11 (SPSS Inc., Chicago, IL, USA) A4 =z a3 o g Aoty 5ot
TFEele] 22 &g}o] =(BVhisto), °19 FL3d F79 microCT ©]v] A (108 um,

o

BV2D), "y dEHE FH = HAAES Wds= microCT ©] v (1800 um,
BV3D)E automatic threshold®} manual threshold® & &lA 7t7F FH A &9 o
T3 FEHAES 6L rtestE Al WA L8] BVhisto, BV2D, BV3Dell o
3 oA BAS A repeated ANOVA HAE=S Adstgom AAEAA o=

least significant difference testZ A] 3} 3} %4 t}.



Ir A+ A3

7}. Threshold H] 1L

microCTE  ©ol&3 AFA YElYE=  gray level histogramoll A o] =] =
Automatic threshold (Auto-T)9} %7 Al#H &gtol=¢ A A H microCT ©o] 1A

o] %4 manual threshold (Manual-T)& 7, 3t A A =319
1. Implant threshold

Implant® metal threshold®= A, dtotolA & Hrgts 7h o A &ty
fro)de fldth Auto-T9 Manual-TE Hlug ASdA=E {Foido] At

(Table 2).
2. Bone threshold

A+, 32t 9] bone thresholdol A& Manual-T2 3 3ko] Auto-THRUT F 7154
g, ool A= Manual-T$F Auto-TE 3t Alolol] felAdo]l gl o, shotol A=
Manual-T 3ol T7h&o] Aotrtt 714 Auto-T9 Manual-Tztell 24 ©]
AT (2 < 0.01). Auto-Toll A= 7, dtefzte] Foj4ol gloler Manual-Tel

M= A, st ool A (2 < 0.01)(Table 2).
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#9932, A7

Table 2. Comparison of bone and implant threshold for automatic threshold
and manual threshold
Bone Threshold Implant Threshold
Auto-T Manual-T Auto-T Manual-T
Mean SD Mean SD Sig Mean SD Mean SD Sig.
Maxilla
38.7 6.0 40.6 7.0 NS 131.0 9.7 131.0 9.7 NS
(n=48)
Mandible
38.6 4.7 44.3 35 xx 1316 113 1314 114 NS
(n=48)
Sig. NS ok NS NS
Auto-T; automatic threshold, Manual-T; manual optimal threshold.
Statistical significance; * p < 0.05, *x p < 0.01, *xx p < 0.001, NS, not
significant.
v, &9 A & (bone volume)
A AWl AT ZWAL[BVhisto)} microCTE ol $3te] 24 AA A8
3 WA & (BV2D, BV3D)&
=0

Al automatic threshold®} manual thresholdZ =%

_Trd:
t} (2 < 0.05)(Table 3,

0] o

i, skotel A ASek
AN AN

1. BVhisto, BV2D, V3De| 2d4 &
stefol A1 BV2DSH BV3DS o ¢ gko] BVhistoxth % 7b3k

ol met fol@ o)zt

g,
S| H01—

Jo] glAt} (Table 6, Table 7)

G|

Auto-TZ =
Atk 1 il skt

=3 A BVhisto®t BV2D Abolell A Ho3 zo] 7}
BVhisto?] # #7712 nlmo = EA 82 894

A Al
NeE B2
Table 4, Table 5). &Y Manual-TZ ZA3 %% BV2De} BV3De 333
2 o)



s 4, sotoz

Auto-T¢} Manual-T2 Z% ¢ BVhisto, BV2D, BV3D<¢]

H 28 79 BVhisto®t BV2DolA EAE FeoAdel dAdom (£ < 0.01),

BV3Dol = =& fFeofAo]l At (2 < 0.001). Auto-TelA =33 BV2D9}
BV3DY H# &2 Manual-T= 543 72t} =t} (Table 4, Table 7).

Table 3. Tests of Within-Subjects Contrasts for automatic threshold decision

o Type I Sum Mean )
Position Source df F Sig.
of Squares Square
. Method 96.498 1 96.498 3.349 077
Maxilla
= E
(n=43) o 864.453 47 28.815
(method)
Mandible Method 156.934 1 156.934 4.689 .041 %
= E
(n=48) mor 769.760 A7 33.468
(method)

Statistical significance was determined by repeated ANOVA test; * p < 0.05.

Table 4. Comparison of bone volume for automatic threshold

BVhisto (%) BV2D (%) BV3D (%)
Mean SD Mean SD Mean SD  Sig.
Maxilla
48.5 14.2 52.7 16.4 51.2 135 NS
(n=48)
Mandible
65.7 14.9 71.3 18.3 69.7 15.8 *
(n=48)
Sig. oS ok sk

BVhisto; bone volume of the histologic slide, BV2D; bone volume of microCT
image with the same thickness of its histologic slide, BV3D; bone volume of
microCT image that covers bone all around the mini—implant.

Statistical significance of BVhisto, BV2D & BV3D was determinated by

repeated ANOVA test; * p < 0.05.
Statistical significance of Mx. & Mn. was determined by z/test; * p < 0.05,

w p < 0.01, =xx p < 0.001, VS, not significant.
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Table 5. Pairwise comparisons for automatic threshold method in mandible

95% Confidence

Interval for

i ) Mean Std
Difference . Sig ? Difference (a)
Method Method Error
I-p Lower Upper
Bound Bound
BV2D -4.701 2.258 049 -9.372 -0.030
BVhisto
BV3D -3.139 2.271 180 -7.836 1.558
BVhisto 4701 2.258 .049x .030 9.372
BV2D
BV3D 1.562 1.289 238 -1.105 4.230
BVhisto 3.139 2.271 180 -1.558 7.836
BV3D
BV2D -1.562 1.289 238 -4.230 1.105

* The mean difference is significant at the .05 level.
a Adjustment for multiple comparisons: least significant difference test

(equivalent to no adjustment)

Table 6. Tests of Within-Subjects Contrasts for manual threshold decision

Type I Sum Mean

Position Source df F Sig.
of Squares Square
. Method .906 1 .906 .032 .860
Maxilla
(n=48) Error
974.567 47 28.664
(method)
Mandible Method 22.944 1 22.944 687 414
(n=48) Error
1035.855 47 33.415
(method)

Statistical significance was determined by repeated ANOVA test; * p < 0.05.

_13_



Table 7. Comparison of bone volume for manual threshold

BVhisto (%) BV2D (%) BV3D (%)

Mean SD Mean SD  Sig.

Mean SD
Maxilla
48.5 14.2 47.4 11.1 47.2 8.1 NS
(n=48)
Mandible
65.7 14.9 65.1 12.8 63.6 131 NS
(n=48)
Sig. kK ks koo ok

BVhisto, bone volume of the histologic slide, BV2D; bone volume of microCT

image with the same thickness of its histologic slide, BV3D; bone volume of
microCT image that covers bone all around the mini-implant.
Statistical significance of BVhisto, BV2D & BV3D was determinated by

repeated ANOVA test; * p < 0.05.
Statistical significance of Mx. & Mn. was determined by #test; * p < 0.05,

o p < 0.01, *=xx p < 0.001, VS, not significant.

2. BVhisto-BV2D, BVhisto-BV3D®9 &HA &

(

BVhisto® #tgkel A BV2De 3 S A3He g (BVhisto-BV2D)S  Auto-T

trom wag A% BATH folAy

0

7o A

9} Manual-Toll A =A<t 44 3,
7% Auto-T¢ Manual-TZ B u 3k
A Fro el Atk (2 < 0.01)(Table 8).
V4

O

£ gl th. BVhisto-BV2D Y] Ao apolof A

T

AN AX

freldol dlem (2 < 0.05 sketel

BVhisto®] #H gl BV3De #HA S 273 zH(BVhisto-BV3D)S A, ot

o7 vud AdME EATH FogA L glAoy Auto-T9 Manual-TZ H]

boookofoll A 25 el ol itk (2 < 0.01)(Table 9).

=4% WAL BV2D-A, BV3D

ZAAHY =92 & (BVhisto), Auto-Tol A
ZH AL (BV2D-M, BV3D-M)9 A#A#A 24 2

_14_
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Ao (2 < 0.001)(Table

Table 8 Comparison of BVhisto-BV2D for automatic and manual threshold

BVhisto - BV2D (%)

Auto-T Manual-T
Mean SD Mean SD Sig.
Maxilla (n=48) -2.8 8.3 0.6 8.9 ¢
Mandible (n=48) -4.7 11.1 -0.5 11.7 s
Sig. NS NS

BVhisto; bone volume of the histologic slide, BV2D; bone volume of microCT
image with the same thickness of its histologic slide, Auto-T; automatic
threshold, Manual-T; manual optimal threshold.

Statistical significance; * p < 0.05, *x p < 0.01, *xx p < 0.001, NS, not

significant.

Table 9. Comparison of BVhisto-BV3D for automatic and manual threshold

BVhisto - BV3D (%)

Auto T Manual T
Mean SD Mean SD Sig.
Maxilla (n=48) -1.2 6.8 0.9 7.9 ok
Mandible (n=48) -3.1 111 1.0 11.2 ok
Sig. NS NS

BVhisto; bone volume of the histologic slide, BV3D; bone volume of microCT
image that covers bone all around the mini-implant, Auto-T; automatic
threshold, Manual-T; manual optimal threshold.

Statistical significance; * p < 0.05, *x p < 0.01, *xx p < 0.001, NS, not

significant.
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Table 10. Comparison of Pearson correlation coefficient for each varialble

Bone Volume (%) BVhisto BV2D-A BV3D-A BV2D-M BV3D-M

BVhisto Correlation 1.00 0.87 0.86 0.84 0.83
Sig _ sk sk sk -

BV2D-A Congelation 0.87 1.00 0.95 0.95 0.91
Sig sk , sk sk .

BV3D-A Correlation 0.86 0.95 1.00 0.92 0.95
Sig sk o _ sk .

BV2D-M Correlation 0.84 0.95 0.92 1.00 0.96
Sig sk sk stk , .

BV3D-M Correlation 0.83 0.91 0.95 0.96 1.00
Sig sk sk stk .

BVhisto; bone volume of the histologic slide, BV2D-A; bone volume of
microCT image with the same thickness of its histologic slide for autoamtic
threshold, BV3D-A; bone volume of microCT image that covers bone all
around the mini—-implant for autoamtic threshold, BV2D-M; bone volume of
microCT 1mage with the same thickness of its histologic slide for manual
threshold, BV3D-M; bone volume of microCT image that covers bone all
around the mini—-implant for manual threshold.

Statistical significance; *** p < (0.001, Pearson-Correlatoin is significant at the
0.01 level (2-tailed).
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Fig 5. Descriptive views of histologic slide and microCT image for bone and
mini-implant. (a) histologic slide; (b) reconstructed microCT image; (c)
superimposition at automatic threshold; (d) superimposition at manual

threshold; (e) binary image at automatic threshold; (f) binary image at

manual threshold.
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Abstract

The validation of histomorphometric analysis of bone
structure around orthodontic mini—-implant using microCT

according to the determination of optimal threshold level

Song Ho Lee

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

The purpose of this study was to validate the histomorphometric analysis of
bone structure around orthodontic mini-implant using microCT (Skyscar 7076,
Skyscan, Aartselaar, Belgium) according to the determination method of optimal
threshold level. The optimal thresholds of bone and implant objects were
determined by automatic (Auto-T) and manual threshold (Manual-T) methods.
By each threshold level, bone volume (BV2D, BV3D) was calculated and it
was compared with bone volume from histologic slide. 96 orthodontic
mini-implants (OZZZS, Ortholution CO., Korea) were placed in the buccal jaw
bone of 8 beagle dogs. After 12 weeks, micro-computed tomogram of the

excised specimens were preformed. The obtained results were as follows:

1. For both Auto-T and Manual-T method, the threshold of implant was
higher than that of bone structure, showing no difference between Auto-T

and Manual-T method.

2. The threshold of bone structure was significantly higher in Manual-T
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compared with Auto-T for mandible (Z < 0.01). For Manual-T method,
there was significant difference in bone threshold between maxilla and

mandible (2~ < 0.01).

3. For Auto-T method, the mean BV2D and BV3D were significantly higher
than the mean BVhisto for mandible, and there was significant difference
between BV2D and BVhisto (2 < 0.05), but for Manual-T method, there

was no significant difference between microCT and histologic analysis.

4. Both Auto-T and Manual-T methods showed significant high correlation

with histologic analysis for measuring bone volume (2~ < 0.001).

According to the determination of optimal threshold in micoCT, Manual-T
method was found to have higher agreement with histologic analysis compared
with Auto-T. However, the artifact image in bone structure around orthodontic
mini-implant using microCT could not be deleted due to beam hardening effect
for both methods. Further study should be followed for making standard

method for getting high reliability of Manual-T.

Key words : beam hardening effect, optimal threshold, micro-computed

tomography, bone volume
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