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EFFECT OF RHPDGF-BB AND RHBMP-2 ON OSSEOINTEGRATION OF

TITANIUM IMPLANTS AT PERIIMPLANT BONE DEFECTS GRAFTED WITH HYDROXYAPATITE:

MICRO-CT AND HISTOLOGIC ANALYSIS

Jee-Hyun Park, Sun-Jung Hwang, Myung-Jin Kim
Department of Oral and Maxillofacial Surgery, College of Dentistry, Seoul National University

Purpose: Platelet derived growth factor(PDGF)-BB and bone morphogenetic protein(BMP)-2 are well-
known representative growth factors. The purposes of this study were to investigate the effect of thPDGEF-
BB and rhBMP-2 on osseointegration of titanium implants at periimplant bone defects grafted with
hydroxyapatite and to evaluate the feasibility of imaging bone structures around screw-type titanium
implant with micro-CT.

Materials and Methods: The first molar and all premolars in the mandible region of four beagle dogs
were extracted. Following a healing period of 4 months, three 8 X8x6mm-sized bony defects were formed
and screw-type titanium implants were placed with hydroxyapatite(HA) block and growth factors: Control
group, PDGF group and BMP group. Two months post-implantation, the mandible was harvested. Bone
volume(BV), bone-to-implanct contact(BIC) and bone mineral density(BMD) were analyzed with micro-CT
and histology.

Results: According to micro-CT analysis, BV and BMD measures of PDGF and BMP group were signifi-
cantly higher than control group(BV: PDGF group: p=0.011, BMP group: p=0.006 /BMD: PDGF group:
p=0.020, BMP group: p=0.011) and BIC measures of BMP group were significantly higher than PDGF
group(p=0.015). In histologic evaluation, BIC measures of BMP group was significantly higher than PDGF
group(p=0.048). The values of BV in histologic sections were higher than in micro-CT images and the val-
ues of BIC in micro-CT images were higher than in histologic sections.

Conclusion: The findings of this experimental study indicates that the use of rhPDGF-BB and rhBMP-2
can increase new bone formation in a large bony defect around titanium implant, and rhBMP-2 is more
effective than thPDGF-BB. Micro-CT can be considered useful for assessment as a rapid and nondestruc-
tive method for 3-dimensional measurement of bone healing around implants. Further study is necessary,
however, to remove metal artifacts around titanium implant and to standardize the method.

Key words: Implant, HA, thPDGF-BB, rhBMP-2, Micro-CT, Histology

.M 2 34 JEAES ole) AT P54 B 4T A30R
8, @A) A Aokg A 5 P PO del o)
Aolg BAT Fol QERES AYshe WHe 24 5w Aok JEIES YT R JFIE Fu F9)

461



ChtepotB A BITIZISIBISHSIX]: Vol 31, No. 6, 2009

Z% & osseointegration®] ©]Fo]%
olch, wEek SR oke] Wik EA)5HA|

of Wolqo] Basin, of Wz
w2 A4 4

tlo rlr

fo O lo i & N

&

g
(AR aic)

ofN o |m mfd

o ] &o] [¢)
HT

d

ofN 1>
fo 7.
_(.‘)L
ko)
LN
%
nm
gy
LN
i
BN
fud r
tlo
o _Ig:':
o

o rir

u

R
(m
1o
ox
ofd
o,
=]
o
ofN
ko
&
ko
[
o
a
oo
)

(autografting) @} &&=°14] (allografting) 5°| ATt 2k
7hZol A2 A 27HA] F8A | gold standard2H A
A HbHo =z dejA g} spA|Rt 2¢

lo,

Z2138H4 ZY A (bone tissue engineering)> o] 2] dt
= A7bEs tAlstd 22E5 A8 5 4
E Zopl M= ofo] tigk A7} 7l
o, 22 F e g RS Asire =488
FolA FAE, o]H M EEo] AF3l Y x|A]
ok 4 9le A|A Al (scaffold), 28]l Fopd A
= T e RIS Fasit.
AFdA = AAAZA FH=< hydroxyapatite
(HA)% ol &3t%la, 79 FTodFAEY FEEIE
8 4 gle AgAaEA daAfad A A (recom-
blnant human platelet-derived growth factor:
rthPDGF-BB)<} 23494 (recombinant human bone
morphogenic proteins: thBMP-2)< ©]-&3}%th.

HA® 34 Algtge] shvz 241% 44 73 3o
o, AYARgA o, HMAE] FrHL sFEE A,
2B Zol Aol Bol ARgE o] oY FfE AR
A2 AF7A FE Wolgkd A Fo shu= PDGF-
BBelt}. PDGF-BBE 4%3} %29 alpha gran-
ulesdl] ¥gso] 9lor I 28L& FHFA E(osteo-
progenitor cells) 9} =0l XE (osteoblasts) &< X &=
A el ZHgate] o]F, T2, 714, ABEHEA THAl
ol #efgiia g A ‘”‘ﬂrm ¥ oE 5% 441 ZPE

A BMP7} 28740l F8.3 93-S she Aoz g gl
t}. BMP= 196549 Uristell 2l A& 2, 4 ]
Jomn O F B X F Y Hole bmpf27}
AR 9 2P AFdTE Ao] WA e
BMP-27} JEHE F9oA 2342 X8t Ja‘—%]%
FE HES I7HIIYE 9T ﬁail'ﬂ' AT,
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“sawing and grinding’ k= WHO R GRS ZAHA
LHEAT . AT o] FA ZAHA S vtEE HE A
o] ol Azl AUt 7]eo] dQstn, Ao o

2
7}& 2= 011—4_# oA o] A\:}.

A= A
Z Brte Whsst B 9 298U

o I (W R AL rulo an
ilo
o, &
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U, 240] £AE = do] vt A A= 7t

WO 2 microfocus computerized tomography(micro-
CT)E o]&3h= WHol 2 ATH . Micro-CTE ©] 43
= e gAY e o}, A Ad EAE b
oA stal, Yshe FHOE AFAE ¢ itk ek 244
AL el dele b 49T 4 gon V&

medical CTel ®]3l <k 1008) A =9] SN =E 7H2 4= U},
b micro-CTe EA| Sghtop™ e} x]e]g) Fof ™
A Bol o] &5 1 gt}

£ AT A= alloplastic material®l HASF A1kl
thPDGF-BB, thBMP-2& °]&dtd 2245 st
ZAo] AZTUEE AP T FZPYA AL 2 AZTEY)
osseomtegratlonoﬂ % 98-S micro- CT—Q]' ZAAH
& o]&3td 7k Zleltt. &, rhPDGF-BB % rhBMP-
29] AGA| =4 HAS *}%Z}E% o o]go] = &

%
/‘]7],]__ AZHE] osseointegrations 7+ AlZ Zolgt
¥ 7WE A%k, rhPDGF-BBS rhBMP-29] 234
73 T8 E v 7kE Aot} T3 micro-CTE o] &3
USHUE FHZ HE F84S Frieta, 2 A49E =
AL Ao} v waf HaA} gt
[. AT THZ L Qe
1. 52 A9

Az 13kg W9 HlZ4 vvlg & o] &at%len, o=
< Mgt XFHE AgdAdTFaole] AP FEA A
AHSEIIT WSt S| tigk 253t A3k AR
T AYE AASIT BE FE A2 tiletamine
(10mg/kg)# xylazine HCL(0.4mg/kg) < A5}
AAn g & o] FolXt}, B|ZAY HS afet AT
AT E BA 8k, ¢ 4L 271 7T 2
T TR Ao A2H AMNE Sk, A7 8mme
trephine burg |83t 3719 24EES FAHA T
ALY A7) F 8X8XG(ZFR XA Z X Eo ) mmE 3
Hyl d=do] AAH 388 FALE0|UH(Fig. 1.a).
A&Hol= HA block(Bongros"-HA,Bioalpha, Korea) =
oldatgion AHEH HA blockS e o2 7]ago] o
70%, 7182 Hi 271+ <F 300ume] Tt HA blockel

ne] PAE oF 3.56mm 7|9 FHl YEFHE(3.3X
10mm, Osstem®, Korea)& 2§3lo], HA blocks =

L
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& 290 14 aATH(Fig. 1.b). HA block ©]4]57] &
o A% (Control group, PDGF group, BMP group) &
2 o] AT R 22825 4/0 vieryl
2 Btk 85 ¥ =& gAsta, 10% r2Ede
# intracarotid artery infusions A3+ & <
X stotm 242 AUt (Fig. 1.o). 9
olAF 9 sletEs ¥l 6719 2AMEE £ 1.5em

=2
nlgto 2 Ader &, 10% E2%d & G7HFT)

2. MEIX/ M| =& (Growth factor/carrier
composites) 2| ZH|

Aol AHEE HA blockE-E 1 BgS H]
ol B tholop2E A2 e

EZ 9¢ 3.5mm 379 7¥& A3 HA blocks
2 e AR A el g o] &3te] FA 8] 25
t}. Z22]a Control, PDGF, BMP group & o] 747}
0.05ml] phosphate buffered saline(PBS), 25xg
rhPDGF-BB(Peprotech INC., USA) +0.05ml normal
saline, 18]a 25¢#g thBMP-2(Daewoong co.ltd.,
Korea) +0.05ml PBSS AlZ3]Ake] A|Alo] we} 243}
ATt

3. Microfocus CT scanner

7 2212 WA Skyscan 1172 microfocus CT sys-
tem(Skyscan, Belgium)< ©]&3le] 4= AT}, CT
scanner Yol 1= turntableo] 245 133 & 9
o Ao R Ao YAE 2HsIAT 16t A E 2
80kVel st 124pA°] AF, 316msecd] =ZFAIRICR
CT 9L 3k9th. a4l stepping rotational angle
0.4%, AA scanning A7 24T < 1580|902, &
FrlE ZH 9 72 ZHE A At 299 9E
792 NRecon“(ver.1.6, Thomson Scientific
Instruments LTD., Australia)2 o]&3le Aoz

AT/d3te], Skyscan CT systemo] X3 Az 73]
91 CT-Analyzer®(ver.1.9, Skyscan, Belgium)& |43
o] ¥4 F =S s

Trichrome stain GA1H S AMS-slo] Felgn|doz oz
ot T AREY 319t

Micro-CT’¢ll4l bone volume(BV)Z} bone mineral
density(BMD)E 371 913l ¥4 VOI(the volume of
interest) & ARtk VOIE & 71 A= 8719
74 1.bmm 9715 Bgoz At 1 44 A=
HA blocke] 7FE WA Alastglom | 120 slice(=©]
o 1.9mm)E A1, 94 9% = HA blockd] &
Joz 9 th(Fig. 2). BVY BMDY %2 CT-
Analyzer*E ©|-&3l9th. Micro-CT £4& ¢lajMe of
| density ©]’39] g 202 & AUA I g 71&
ol gAgkel Aol Bodty, of7]odMe AMEE HA
blocke 22 273}l micro-CTZ scanningdtil, G &
s AlA 718&0] ¢ T0%7F He= oz 9 g Fot
%t Bone-to-implant contact(BIC)Y =42 93
ROI(the region of interest)= A2 on|A & F2 o7
sectiongt B4 Faiet. g e AET 4749
WS sectiondtda, dld HHA ROIE HA blocke] A
Aol MEE 4719 AETE threads Esle Y9oz
¥, dEHEY JF WM 747 ROIZE H3HTt
(Fig. 3). BICY =42 Image J*(ver.1.41, National
Institutes of Health., USA)E |39t} BIC £4 <

Fig. 1. Design of animal experiment. (a) 8x8x6mm-sized bony defects prepared with a trephine bur. (b) Implants placement with
HA bone block in circumferential coronal defects. (c) Post-implantation 8 weeks, mandible containing three implants and graft-
ed bone was harvested.

463



CHatepo &1/ 2f=t3] %] Vol. 31, No. 6, 2009

Fig. 2. Micro-CT images; VOI for BV and BMD measure-
ment. a) The vertical position: area in arrow, b) The hori-
zontal position: 8 round area.

Yl E £ artifactd AAZS siA ovA Y con-
trast®} brightness® Z4doF at&d], 1 #& 23 2
o] Hstsict. WA dol& shtel AMAS Mesta
Al AE HA blocke @9 ZgS 7|E Qi
micro-CT g4 ads = BWS CT-Analyzerg ©|&
3t slice cutting sk, Micro-CT imageE X244
A3 vl wafE & brightness$} contrast® 23 3dhe],
artifacts Azt HA 2 AAZS FHRAY s
g S skeitt

AR BV S4< 9@ RO s442Re
HA blocke] AHAMEE AZeln, $340z2E= HA
blocke] Tl U= 1.5x1.9mme] A S 495 7t

74 YSTE FEoA] Fatict. 244 A BICY &4
< 9% ROIE micro-CT 32| ©Hel|A e} Fdat whgo
2 Aotk (Fig. 4.a). 24dAdA BVS BIC 342
247} photoshop CS4" (ver.11.0, Adobe Systems incor-
porated., USA) 9} mage J*E ©]-&-3}5iT}.

2o AgTEt S Aole] BASE foA A
AFE 918l two-tailed Student’s t-test2} one way ANO-
VAE o] &35

1. Micro-CT image®2| |t 274 ¥ M2 24M

Micro-CTel Al HAE 7F =& s & 29
I} o] golaitt. AT A E %cﬂlt
artifacte} o] FEUTE AZSHE A FEoll=
artifact Wizl AA AESHES] FA7|HY Fjso] B
3, FHo] Bt gt 59 AEHEY apexiiEiA e
artifact2 13 YZHE F¥ T #Fo| Erlsdot
(Fig.3.b). &% artifactE A A8t BIC % BVY 4=

UU UIJ —1N
NIV 2
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Fig. 3. Micro-CT images; ROI for BIC measurement. a) The
location of sectioning, b) In two rectangular areas, BIC was
evaluated. The metal artifacts around the apex of
implant(black arrow).

7FestAs] fall 9= o] micro-CT ©|PAlE &
g]. 3]]1:1- z;dxé,qu. H]u_o}oi oﬂx]ﬂO ZzA o}&il‘:— ] ZA
gk Fof ojmA|eA= HAY Aol X717t F7shiA]
TR AA U5 Hesizla, BE7t #e A=
Aol E 24 artifactst 2ol AAS e A& Btk
g4 A A% gz, PDGF group BMP groupl.&
4% BVSF BMD #ol 7kehe A3 23om, BIC
o] 7ol PDGF groupeld tizEe}h e Hi s
Ao A4 24 232 BV BMDE o‘l‘oﬂ
PDGF group® BMP groupolA] &5 tzT3 594

£ AolE EY(BV; PDGF group: p=0.011, BMP
group: p=0.006 /BMD: PDGF group: p=0.020,
BMP group: p=0.011), PDGF group@} BMP group %t
de o4 e AolE EolA FUtHp)0.05). BICY
7a%l= PDGF groupZ BMP groupol A% 94 e
Aol HA%(p=0.015) (Fig. 5).
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ZA-dH A HAE 2402 d4 Hlu s &
S0z A Flor HA block FH| AAZo] 2 A
2 AL #FE £ 99tk HA blockell FAE 79 wj &
o HA block®} UZZE Alo]dl| gape] &A1t 1, UZ
HES} AH e 324 BRI ¢ F 9
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3} micro-CT 239} vty
Z, PDGF gorup, BMP group
o7 445 1 glo] F/keke 4%E B3, BICY ¥
o= PDGF groupdlAl 2o} W Highs B
SAEA A A3 BVY A5 A@Td ozt BA
A oA e zkele §1%em (p)0.05), BIC <] 74
o4 PDGF group® BMP group 7%t f94 =
Aol & HAH(p=0.048) (Fig. 5).
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Fig. 4. The histologic images. a) Control group,
Left box: ROl for BV measuerment, right box:
ROI for BIC measuerment, b) PDGF group, c)
BMP group
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Fig. 5. Graph showing BV(a), BIC(b) and BMD(c) results in micro-CT and histologic images. According to micro-CT analysis, BV
and BMD measures of PDGF and BMP group were significantly higher than control group(BV; PDGF group: p=0.011, BMP
group: p=0.006 /BMD; PDGF group: p=0.020, BMP group: p=0.011) and BIC measures of BMP group were significantly
higher than PDGF group(p=0.015). In histologic evaluation, BIC measures of BMP group was significantly higher than PDGF
group(p=0.048). The values of BV in histologic sections were higher than in micro-CT images and the values of BIC in micro-

CT images were higher than in histologic sections.

3. Micro-CTS =Z1&#HoflAM2| BIC & BV #t2l 8]

Micro-CTE ©]&3a #49] Z$ol= BVE F38l7] 93
VOI¢} BICE F3}7] 98 RO} 242 A= /¥, %
3270t AR 22 AH S o] 43k B9l o BV
<} BICE Fab7] 918 ROIZF 242 A2 2704 & 87l
Aot F5A B4 A3 BVY Z$oll= micro-CT Zdell A
2743t gho] 2R HH| A 43 ghETE W HFS He
i, BIC #¢ 7Z%olE W E micro-CT AellA =733
o] 2AAANN A3 FEY =& AgS 2
(Fig.5).

V.1

2k

2 AFA = AFTE F909] = ALFoA HA block
7} thPDGF-BB, thBMP-22 o] 3o} ZAAS Aehst
A3, I AIE micro-CT ZAAALE B34 vz
sttt @4 PDGFS BMP7F 2 HE F9)o 4E%
A FANE Z7HZITHE B Bart gloy ol o
T A2 2 AERe AP A9t a4l

Aol AEA ZH block bones o4 A-¢= A9 gidth
0 gk @A) AlRE R s 44049 thPDGF-BBSH
hBMP-2¢] B4 %S JEAE 29l BAEAA
H % 7k B3 7t glo & ¢ ?3 AlYstAl = ek,
ZAEAE o] &3l Y& 2
A7 7P 8ol o] &x o %1’1’/}. SfA| R, Z2AHH
T At A B Erbssithe A Wil scanning
microscopy, serial sectioning"*? 52| AAtgAl #=Z
AZ7F Qlofghet. ARk o] JA] =& HEF 7]eEo] &
T5 = el glof, FZol= micro-CTE ©] &3t U
o] @o| A% Ut} Bone histomorphometry2]
o= Bone volume(BV), bone mineral density(BMD),
bone structure index; trabecular thickness(ThTh),
trabecular separation(TbSp), trabecular number
(TbN) ¢} dynamic parameter 5°| o] 459, o] 3 4=
HE FHE parameter2% = FZ bone Volume(BV)JJr
bone-to-implant contact(BIC)e] o] &= oj ket AA=
micro-CT7} YETE FHE A oA 2HdHE
o] &ot WS AT § &A= of4 gl ¢tk =

& micro-CTE 29 W] setting HEE A7t 257
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t2c}, mebA ol Aol A= micro-CTelA 5% 3 BV
9} BIC & 2HHAAA 78 33} vl Fo2A
micro-CT9] 845 H7staa} skt
rhPDGF-BB& rhBMP-2¢] AH8-& micro-CT(PDGF
group: 11.5%, BMP group: 27%)%t ZAZAHPDGF
group: 15.6%, BMP group: 27.6%)% o] &3 Wi el
BF BV @9 7t dAg 23E JYehido ¢
rhBMP-2& AH838t51S wl= BIC #% F7hatich
(micro-CT: 33.3%, Z2A44H: 57%). PDGF group®| 7
S0l BIC #k°| micro-CTS} 2 AHNAM tj27 Hi} &
3lg @A 54 =AU ol F vkE ¥ PDGF
group®llA] ©]41¥ HA blocke] YZHES}S] HEw=rt @
oA, AAF GAo| dZHE FH7HA] En|Z] Ajetn
& 4 9lrh. HA® A4 3E <] calcium carbonateZ5-H
carbonate 245 phosphonate® WAAIA Fd Yzol
200-500mm= Est HoAsdth AT o= AEAEE
FANE QA o] wro} BXA7] 441, AlZ o whet
gkt AEE 7Rits 9ol EA1gt) o A3l e
HA blocks 22 &5 o]2ate A A FAA= e
< Btk o]Zlo] HA block¥} dZHESS] A4S ¥
ojre]= ele] H]ltt. kA%, BMP group®] 78-%lA
= YETES} HA block?re] A7t e 4ol e A=
Fo] dZHE FRZA & | Ae #EL £ QT
BMD] 7% PDGF group, BMP group Z5llx =% %t
o] dA3 F7HPDGF group:9.3%, BMP group:
25.8%)% Bth. BV7F 94 53 Qtel|A] o] AA|sh=
Folo] vl &L ulste A= 9], BMDE €% -yt
oM Y Z249 Hi L=E 9n|she FHot =
Bz dlF =] "k wet 1 gho] o
Atk AEAog e &7 T ARIAE AHESt
A< W BVe BMDY] ASele BF S $715 B
Fa, 718 A=E BMP groupd -7 9 it} vt
BIC?] 7%-9l+& BMP groupol ARt 1 ko] $718 Hjo
U, BATA o de Akel= fldth
Micro-CTE |3t Elo|elw JEHE FH WS o
#FHsh= AL 5 artifact® =] ZA = Q) ofA] =
AHA & o] &k Wl vl gAZE stk 7)ol 50u
m =R A2 micro-CTE & sle] FATIA T,
2= 8™ &, 107 THe] =R #2E F U
H9tt. W2k medical CT9 1mm sliced] Bluwal oF
10081717 =& s HolAw, XA dHd Hle|ii =
1 Aol "Wolxltka & 4= vk, &5 artifact®] 7-Foll=
beam hardening, scatter, nonlinear partial volume
effect, noises ] Aotk ol AFA ALSH UF
n]E2 78] ¥ & secondary radiation?} streak artifact
& 2N A 535 artifactE 2 &3ks17] ¢l 2ot

lo
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5], AEHES] F a3 o] 2R1IAQ BICE Fshe= dl 3
o1A micro-CTe= $HA7F 9Ath. Stoppie™ &2 Efo|Elw
YEFHE F9=2 % 60pm(implant diameter: 3.5mm)<
blurred border’} A3t 13191, Rebaudi®” &
< 1 A7} 45um(implant diameter: 2.0mm)zkaL
et ol A AME AFHES FA7F 22t micro-
CT olmA]9] artifactell lolA = zte]7F U7l wj&oleta
et ek T AFA AEEE 24pm, 144m=
A2 gyt & 02 AFEd A eoleky T arti-
fact7} A9 f9ttE Rao| A 3E%? | blurred borderd
FAZF 165t Ea7bA] theFsth . & dtollA] Bt
oty USHE F9 9 BRY artifacts LI FAE
Holx] ggtom I FAE 25 4molA 71§ FES
160sm7HA ThFalth(Fig. 6). ®ehAl micro-CT AellA]
UEHE F9 wo AFE YZHE artifact?rE9 A
o|Fof| M FE Zhsattta & ¢ Ut o|H AFelA 3
g BIC @t "RRI7H = A7) JETE FHMe 3%
o] & BHUe artifact £HY] 25%F 455 Hrkgva &
T ot sARE AR FH Fo] e Fid artifact T
A ol Fo R W7l A&sA e A wenE gk
ol BIC @2 7 = IS Aoz Az 28y 4=
E ¥iS ne g BEstn glE me] Aol #Es)
717} B7Fsstttal Azt T 3] screw typed] YEHE
o] apex A= artifact7t st YEHE FHE &
o] B7b53lAtt. vl$- oF2 ElolEEo® IHE p
ethylene JEHET} o|dt 54 artifactE &8st
micro-CTE BICE 947& + e digto] 2 F ittn
-5—]_0/\.}]\‘—4_46)

A7 Ao A micro-CTEF A AHA ol Ao S4 7k
< sl A, BV Aol micro-CT AollA S
grol A=A of A Ugth. o= & artifactE AlA
ot oA v v AN EEo| Zo| AARE 7HE
g0l it Hgh ol Aol|A ALEH 2AAHAL FA=

J|m
i

[e]
=2
Y
gul

)
=B
5

Fig. 6. The processed image: Implant portion was removed
by threshold adjustment to investigate the ring shape metal
artifacts around titanium implant more easily.
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oF 50#m°] Ao, micro-CT A9 slice 7= 16#me] )
t}. o] A& micro-CT “golA BV 3%l o 2 U2
& e a}u@ elo] det, & AFers 2AEHAG A
Bt micro-CT delA BV #eol &4 (histology:
28.48%, micro-CT: 37.68%) 3= Actx sti=Hl,
o] noise® ol T, thE AFdAM = 1 Fhol
micro-CTolM Bt} 22 AdHANA o] £4 At o
AT wW2bA micro-CT FellXe A4 FX| 3kl wret
BVE] gro] AAIZk Blel E1 Ygo] AR Et &
Atk A ¢kl wE BV S32]¢] Wl dg] A+ES
AuEW | GXgke] Wl wE BV ko] Wghso] 77t
5% W 7.9%%, 5%< W 4%*, 10%2 w 5%}
Sttt 2 AFdAME shvte] 2AAAY FY W
micro-CT ©["|A& Hlmate] dX|gh& AstaAqt, 4
A2 Z24Y #HE2 micro-CTe ZAAH T 2% 22
ROIA SA =tk & < gloh. 1 o]f+& micro-CTe
AAHAQL onjR|o| a1, Z2AHHE 1 YFQI shte]
o]7] wjFolth, mebA 2HAHo] gl 7%l micro-CT
oA Z4¥ BV g2 AoiAQl gz Hoe, NS
kel A Hlwel efn|7t s A= Azbert, vhd
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