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Comparison of Efficacy of New Bone Formation According to Implant Treatment in
Xenograft Transplanted for Experimental Bone Defects of Rabbits
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*Graduate School of Agricultural and Life Sciences, The University of Tokyo, Tokyo 113-8657, Japan

Abstract : Bone graft had been widely investigated for reconstruction of bone defects or acceleration of bone healing
in orthopedics, neurosurgery and dental surgery. Autograft is the golden standard of bone graft but it is associated
with donor site morbidity and is restricted in quantity. Xenograft has been researched an alternative method for autograft.
The purpose of this study was to investigate the efficacy of new bone formation according to three different preparations
of implants on rabbit xenograft. Cortical bone xenografts which made from bovine femoral cortical bone were treated
by freezing, freeze-drying or defat-freezing implant preparations. They were transplanted into proximal diaphyseal shaft
of bifibulae of 15 rabbits which were divided into three groups according to their implant preparation method. The
fibulae transplantations were evaluated radiographically and examined osteoblast activity by bone alkaline phosphatase
(BALP) biweekly for 16 weeks to observe new bone formation and union of the experimental defected region. New
bone formation was observed in 7 cases in freeze-drying and defat-freezing group, respectively. Union of proximal
and distal end of defected region, which was considered as success of bone graft, was observed in 4 cases (40%;
4 of 10 cases), respectively. In freezing group, new bone formation was observed in 6 cases but, there is no union
observed. BALP value was increased over twice after two weeks of graft procedure in all union cases of freeze-drying
and defat-freezing group (two of five animals, respectively) then gradually decreased to 16th week. In non-union cases,
there is no significant variation in BALP value. Defat-freezing or freeze-drying preparations of implants are more
efficacious in new bone formation than freezing method on rabbit xenograft. While it is difficult to propose which is
superior between defat-freezing and freeze-drying, defatting of implants may enhance new bone formation in xenograft.
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ol = FPA WA Y AEES
A ZAA Tl Hojuh 7HF o dHQl e R
th(5,9,18,19,25). 18} Rp7pZolAe olaF AHE A
H7HAQl o] "e, TR o] o) e &
A3} e F TRy A0 55 T e B
3 4L FLA7E B A, o] e o W Al
ok 3R A%, =Ho|AY o JiA, AAAA Aot
Zortet #HE Zdo] A A4S Solrde FAFH A
7b om Eg ojie] 2 wef e 27 3 EF
4 RS FEATIEUE AgHHolox 2 Zgo
7t ATh23,44). 53] AA QA stFo] WAk Tl
of FUT AERe I ZolHe AhFolHorEE 7
o] BrFsd Ao] Aldelth 287] wl&e) A7tEe diAE



=71 A F AEY) ol o ol Meipuel me 149F ¥ Hn 31
T2 Hhge] Fasks, FFE olYolu olFF oA Fol E aApdMe F5Folddl vlgld 2o tdsiAl o4
S5 2o WRZ AAEL UTh(3743). A2 BE A TUE A& F YL AA PPelle] 8] ®L °lFE
< BolF Sle F AR U At ArkEeldd oldol A HAuke-g AAET ABF FETHE wY
AE FEe Wlol7lE s, FFEolU oIFF 2ol A Wy B F FAUES AXs. 24 ¥ 542
bl Z7|2e) 122 /XA Edle dA7E ATHE8) B FAARY) XYY F chloroform-methanol solution
%—7“—5" o2& Urist(39)yF & F71dsket $FF ol49] S ol43 XA L Agadl, o] AHE AA -196°C
e BAT F A% A Eol FRHL /o, o] dgidie] FHAEE SR} ]”—‘—]"ﬂ Folske ot
2] -'51_—94 qsha ARl W, 92 2 I = /5 o] hye A AxFAAN Vel § Je ¥4 BF
FEe) A9oR F 4 THo| XL welHg AW o &4z olXFe] HopsAlE AE HistEA AR
9 % ‘ﬁ H?-ﬂ"é, 7 g o]y g HALFdold FF 1Y AAE HuSATIZ] A% Aol
T @gel ok B FFF o142 ARG thE FiACIM A2 GAoIM ZolA g FAT HIES] A ZATH
ks ﬂ‘ﬂx}—t— ATY 2let & AET 7} BHAY A {43 HWHE T g) WY BT WA BriEM e
&

7VEEA A8 g 5
AT UrH4,5,18,25). o)l Wil
o]AZg UL & X I AEE AU WA T4 22 tE
Eo) M2 3 A9 P33 NI FHE FAD ATLE +
o, Fu% 22 7RE = %lt‘r. oy F8A
E&I7} A2l vls] A3 B AR golder |
o AR whe-S futsl] o] A, AFF, BRS¢
07 who] FEaof & FAo|th25,32, 34,37,42).

271 "ol e WU AY- Z‘°l e A=zl sl 3
7] W&ol Hukgo] A e oF A Jout 4
A oA FEFFo|AH o)F Ol%H Afe] Qe o
HHo] WMo Rukee] 93 Aoz FAHHI o, o
H43} sk 3ol F ¥4 frxoll EF20Ith10,15,40,48).
A7) o]2ZHe WIS ZAAFI7] AT Azl A A=

Hhlo] 3] AFE I UIL(5,8,25,33,43), A2oe T4H
3 FAARAEY] 7P 98 ol 8Hx e, Ted] ¥
oJukg-o] BN TARTYC] FAHEL T 55}

ek, BAY 9 SAAZXHORE oXEY YS9
A QlolAle E3H, 442 A7l olAEE & 8=l
U A mEl Aol Aelzt dle AeE daHA ok
(4,17,18,42,51,52). B9 2 FAE 53] ol4ZH
o] Apo] Y A 3l FHE FH TS A=
Aoz 4EHA Yol FEAAZ HAHAH Fole ol AAst
7] 913k ERAA S AXe Ao IukFe]m49,52), =713
el g A fsl dEHEy e 43 e §E=
FE 5L o]83k] o)AFe MY AT Z¥A A
7 N71R] 3 Z71AE WAATIA] oM Fl
& 7HAAZ F Yvhe BB JTh(3,35-37,42,48).

o}F oldF AF FoIA A YBolA 7P Bol AR
HI Y AL 4] SHI(20,34,42)01A5, sHEs W
Re) F ALR) deiMe BT A trﬂ%oﬂ el
2 Aes 5 gloh AYFL HuITo| vig ojxFHeR]
AZA e ALe T2 FAZ Aol of#ge] HEL

e FS FHEL ofgle #A
O]FZ oA oA oAl

_>_4,
o, N(O

AAE FESYe] "ol o) ARelle s, & A
sie) A4 Aol WAVS §3 71540) 2L AAl
QPEE 2 2SRl JoE BT NS AFY

2 9lo] 51]:]— ‘T‘I‘a] sk & 4 SIth4,17).

B2 wrkE3TH(13,23,27,30,33,41). AEE] A7 FF
2871 JAole Aol FHA B JPXE A" 72
o] o2l el Az W] ulgk 84 ojARol sl
WAt o 2 FAEATH O ZAMEFAR o Fe] =
g APEY Fee /Y ARE IR, FUHEE
BALPE ©]43% oM X9 BHE(1,6)8 2783k o|HE
He AT FA4 FHS H7Fskg T EC—FS]- &35 71e7) 9

TFEe T AEFA99 2ol rﬂﬂ 712H ATEA

ALEL OB Auzs ddssKen, AT /Y @

o] A& F Y& WEAH 7=

Ak Ed OWTHOH ek ey 34e n2 ax &
o} LolaAdE glojx AEgskr dHA vES A8 o
goz Askor, AEye] A2 A7 7 s
WEE Aol 31tH(31,51,52).

iA HEZA A5t

ME Uy

MY S8

As ETBO oAR oz A7 AoF FEH F [5Fe
E7|(New Zealand White)E 98- Ha 9.3( 1314,
ERA 47(£0.7)kg W= s9th §Y 20 AAY]
Aate AFAEE ZPAER 237 AR g
g glo] Agel] T3t AP FES o4Fe] AN
o) W} 554 3EoE FESINTH

patk

olAlzEe| Zu| ¥ X2
oNZHL 5 F 12ARe] AUA BE M3 A

H3 dEFe XNYZFE o)Ad HET Zel] °F 20mm
72 dasle] FHEn AFE AEES YYUHETR
Aslan etz RS ol&dte] I
FE 7IAZLE AAT T U 7 BHOE A s
E2Y (Freezing)
F08 ol4EHe
5 ool FAsIst.
F48 A=Y (Freeze-drying)
Zu)g o4 FHE chloroform-methanol(l : 1) EA]-8- ¢
A 397 GXg F AAAAelA 197 dMlEE HEE A

A=} 1 52
ZZ]D_:E_

~196°Ce] Hs}ALoA 7U7 A
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2 —80°C &7 71Z7](OPR-FDC-8032, Operon Enginecring,
KoreaPllX] 397 54 Az At 54 742" oAU
ethylene oxide gas(ethylene oxide 10% + nitrous oxide 90%)
2 d@a sl oA BESIGE o4 FEin.

€A I 5AY (Defat-freezing)

Zn]g o]AFHE chloroform-methanol(1 : 1) BA]-&-¢]
A 39 232 § -196°Ce] Azl el U7 AAAHTTL
oj2le] FHsIAT.

O|&}ZH<o| 0]4

o= 2 vlEAE atropine sulfate(0.025 mgkeg)E AMS
319101 xylazine hydrochloride(2 mg/kg)®t ketamine hydro-
chloride (20 mg/kg)Z v et

Fod dutdel waol wet ¥lF stERY] S 2%
2 Faay w29 v 29 F E o 20mm 2
ol AAsl] AR TAE RIS WEAT EAA
2 BE A& B0 7 AF Fol| ueh £HE ol F S
ol4gh H AWk wiye] wet BB FolAF-eel
ik o} o5 v 8Le A Askeh

Tz T AR AE ARE 397 2 AR enrof-
loxacin(5 mg/kg, IM, bid)He: T3 Tule 48l o
2} 9-38] wAsIt.

LME Y It

WAMIALA A

RE oARIAE ol AFRE 2F TVAHLE 16574
mediolateral position® 2 HIAM EF-& AA|El o]
Feol N 4 2/ H8E A

Table 1. New bone formation in the transplanted grafts

BolMxe] SAE A}

Y] Bone alkaline phosphatase(BALP)YE &A3t =
o 2] BAHEES HIRBIA. B8 AT EAA o4 4
FRE 2F 7HHo g 1657F) AT BHE -80°Ce] deep
freezerol BAE3IG7t 43R

BALPE= Behr and Barnert®] W (6)S o83l 43}
Fgor, Fujg AL 4°C0A 2477 FlES T UV spec-
trophotometer(UVIKON 922, KONTRON, ltaly)E ©]-&3t
o] 640 nmollA St vl 242 33] Wb SAE
3, FHAE ARSI

EA Xz
7} A7 2AXY B4 AH2E Student’ s rtestE 3f
Fom p<0.05% Ffgt zfoje] FAZ st

2 =

SRARSAREL Za}

7} AR ABTEARE Aol AR He AV F
HApd o g g9do] AFEE A7|R st en oo A
TS uF AR Z9dy) Yside] AdsE fEe
24 AeRrt BrEe ZAoE SRS 1 e Table
134 2t}

T4Z 42

% 104)9] o2 F 6dollA AT FAo] FFE o
ALR7 B §3o] #28 de sitk(Table 2). A
ATo] #AE 6o F 2de o4 F 25FE AAF I
o] BALATKFig 1). LA 4= o)) F 47HE A

-

Case Freezing Freeze-drying Defat-freezing
No new bone formation 4 3 3
New bone formation but non-union 6 3 3
New bone formation and union - 4 4
Tz;ble 2. Radiographic appearances of freezing group
weeks
case 1o- 0 2 2 6 g 10 12 14 16
L* - - + + + + + + +
1 R ) ) i ) i i ) i )
L - + + + + + + + +
2 R - - + + + + + + +
L - + + + + + + + +
3 R - - + + + + + + +
L - - + + + + + + +
4 R ) i ) i ) i ) ) i
5 L i i i i i i i i )
R - - - - - - - - -

-+ no new bone formation; +: new bone formation; L: Left; R: Right; *: a case of implant absorption
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Fig 1. Serial radiograph of non-union case with new bone
formation in freezing group (0~16 weeks after graft).

Fig 2. Serial radiograph of non-union case with new bone

formation and slight absorption of implant in freezing group
(0~16 weeks after graft).

= gAo] BAHYIL, o] F 1ofoliM ol ZH o) Hjokgt &
7t FAEJKFig 2).

FAAZXZT oA F

Z 10919] o] F 7dlolA AAF o] AEEIYLH,
0lZ goflollr] AeRTE BrEe F8o] #EAEUTHTable 3).
Gt BAF 4oe BFE o2 T 2FRE AAF YA o
FAEYOH 6~1450] AEFT} BEE ffe] o] A
thFig 3). °I5 & 1dolrE o4 F 105415 E o]4=4
o] AAE] F4H7] AlFste] 1650 Hzxe A7|Ht oF
12 3712 EFHATHFIg 4).

g4 ¥ 583F ol¥E

Z 1099) o)) F 7dlolM WS B0 BRHINLH,

rJ

Table 3. Radiographic appearances of freeze-drying group

- 4 ol o O F
Fig 3. Serial radiograph of union case in freeze-drying group
(0~16 weeks after graft).

Fig 4. Serial radiograph of union case with half absorption of
implant in freeze-drying group (0~16 weeks after graft).

olF 4ollol] ALkTt B7EE o] BEAFATK Table 4).
g3lo] WA 4o= BE o] & 250 AT FAo|
FYY3 1257 {¥o] olFIRHFig 5), © F 3¢l
A ek o4 el 45 BF T 5 UATKFig 6).

BALPX| 5}

FA4F o2&

EATL o]4g APTAA o4 F AT P4 U
T2 4% eelola] BEE O N (Table 2) Fe] #H2E

£ 9tk ©)a A W BALPAE 24.65+3.56 [U/L
A o) 279 26.48+7.191UL & 74%% It ol
T AR 7HAaste] o] I 16Fole 14421626 UL =
o)2] AR} 41.5%7F) ZHASATHFig 8). B4 olAFY]

£

case no. weeks
0 2 4 6 8 10 12 14 16
1 L - + + U U U U U U
R* - + + U U U U U U
L - + + + + + + U U
2 R - + + + + + + U U
L - - + + + + + + +
3 R - - + + + + + + +
4 & ) ) ] ) ] ] ) ) )
s L i ) i i X i i i )
R - - + + + + + + +

-: no new bone formation; +: new bone formation; U: union of graft and host bone

L: Left; R: Right; *: a case of implant absorption
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Table 4. Radiographic appearances of defat-freezing group

case no weeks
) 0 2 4 6 8 10 12 14 16
1 L ) ) ) ) i i i . i
R - - + + + + + + +
L* - + + + + + U U U
2 R* - + + + + + U U U
3 R - - + + + + + + +
L - - + + + + + + +
4 R i i ) i i i ) i i
L* - + + + + + U U U
. R - + ) + + + + u U U
-: no new bone formation; +: new bone formation; U: union of graft and host bone
L: Left; R: Right; *: cases of implant absorption
100
90
80 —e—Freeze—drying
70 ~s Detat-freezing
60
=
: | 40
0 aE I 6 ks 'i10 & £14 i 30
Fig 5. Serial radiograph of union case in defat-freezing group 2
(0~16 weeks after graft). 12 ‘ ‘
0 2 4 6 8 10 12 14 16
Weeks

k 1 1 :
2 o3 cBioR OoR 1A 19

Fig 6. Serial radiograph of union case with slight absorption
of implant in defat-freezing group (0~16 weeks after graft).

AA Z HF BALPAE 19.5518.95 UL ©Ith.

A2 ¥

EAAZTS o|4F AT o2 T AT FAe]
FEE e & 45 7901028 (Table 3), ©] F Fiol &
ZE o 25 40019t} FFo] FEE 279 Ha BALP
A= o)A A 28.58+896IUML oA o]d] 25 7342+
10.80 UL 2 o3 Aol gl 156.9% S7FtAth7t 45
o 56.56%5.10 TU/L(97.9%), 65 36.63=10.93 IU/L (28.1%)
2 g4 a9 olF Hah ZasATHFig 7). FHol
FEHA Fe yeA 359 FF BALPAE o4 A
2468+ 13.12TU/L o)A ©]2) 23] 2822+866IU/L =
143% 2718193, o] & Al st 1678de 1553
+8.10IUL & o4 Art} 37.1%7FA] 743 th(Fig 8).
EAAZE oldwe AAe F B BALPAE 31231
14.20 IU/L °13 v}

Fig 7. Changes of BALP values in union cases.

100

90 -a—Freezing

80

70 —e— Freeze—drying
< 60 —— Defat-freezing
> 50

40 L

30

20

10

0
o] 2 4 5} 10 12 14 16

8
Weeks

Fig 8. Changes of BALP values in non-union cases.

€A ¥ FE4F o2

S5 FAFZE o4 Aol o] F AT A
o] #AHE o= F 55 790]Y 2T (Table 4), ©] F F©
FFEE e 25 490Utk FFe] #AE 279 Mt
BALPAE ©]24] A 31.19+6841UL oA ©]4 239
71754438 TU/L 2 ©)4 A4 B3kd 130.0% 7189 0H
7} 474l 5031+5.16 TU/L(61.3%), 65 38.09£4.69 IU/L
(22.1%) 2 F43] Z2AIAIL o] F A& 243N (Fig 7),
FANZRZ oY FEAEFHY] F949 e Aol(p<
0.057} fileh frgel #EEA &2 VeH 35 Ha

_—



£7] A4 2 2EN o4 ofF

BALPAE o]4] A 2293+3291U/L oA o4 259
26394878 IUL & 15.1% Z7Fsk=tl 237}, o] & A
& Zasld 1650l 12.8412.61 UL 2 o] HETh
44,0974 73A8aTHFig 8). BA ¥ AT oAl A
A2l & HHE BALPAE 25.60% 14.16 IU/L ©|ATH
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o2 Aol B ARWEOE

A A4Z B4 X%Hl’cJ ofe ol4ge] WAIHel 9
Aw m2E voleiad AW Sel 9wt v @Al ol

AANZY AMg Sl ¥ & T AFERE BAEC] A
Z15H, olgg EASL s1ds] Hsix ol4E oldEE
22%] Asledolet sl ojo] gk o7 7K A7-E°l °l
Toﬁx]; ATH4,5,9,19,25). SFZ3} ©0)2F Alole] HRE
g0 2z A wi/f ¥HEOE ofXFe] HH| FAdh=

&t whgate] ?—-_101‘/}*— 74_5 aHA eH(15 40), 1
23t He A3 7o) TYPA Jxo I

Hola ol 4 BEsiE e W7t Aoke24). B
ARG »L\_ﬂé}ﬂ A% olalZel AL o 7t
27} 9ot Hoe FAWQ2 gXAEe XEE 5
AAZH(4,17,48,51)0] 718 dwrEel Aoz g vk
EAME o)A s S83 SH Ay §le) @l F

Aw A77 wWid 234 e 1*01 st
(2,7,29). 3, 27N W9 Exo] JAET &
A 0011(2,7,16,21,25,29,48) weddAl o] T AZH
o vlsirE AiFos mokst Fo] AFdo|TH(15,25,45,48).

ol EZWe| TE o)4F Ayl Hls] olFZelde]
oAl e AT FAHL Kol ISR AzHY o]
A ZH) Y5t 50 AAARRRGo] o] F ol THE =
A el A4S welsly] gEoR Azdd.

B AT FAYOR olFuHg A AT
60%<) AL A AFT ¢ Ao vk ] o
F23 s 42 7

v WS Agols AR 2 2A F
o] 70%%] AE FAEH 2 i
& §I7A 0|2 AUt HE gle 731%.1% A A2
7b & o] of2 A¥Ewel wls| v
I QISlt) thEe) ol A J°1°1 HY K-
2 AEH3 9150](5,7,22,36,40,43), ©|#S AHAE F
o] we Waly oo 71903 w2 FAdH A8E ¥4
A EoE F EM, 49 éfﬂ%ow-ﬂ ZoHET}
@A HUSS ujske AAHoR W BALPXI9 e

rE )

nﬁ oo r2
L [0 A ol ot
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ol Aol me ANE F4%E v 355

& wgly o2 sty riar AZbET.
shH | o|AZS T4 AREOE X Ay
methanol solution®l#] R348 A= Bt &
Aol A P31 4 AxIHANA 3 FEF
AHA & 71“]‘41 B84 2 PN EE F

A

chloroform-

1] glol= P%Oﬂ*i dﬂ] i& & e wig BT A
He R o, AxAE 7%]““% =84 4o
&4 Fo %%E Y °1 Wio}ﬂl u*oixm o] A=
g AR o] o @o] e
21@(4 17,27 50) o]&l Od?éﬂfwﬂr FE2
dA71E At 284 s ¥

el e *ﬁ P 22 3] W] % 7t
A wE 22771 S ofdthe 2 Here, T

oA o] ZFEslaA e ol zd Fo AUtk
(4,11,51,52). 2 AZHE o|AZHE 2AT A7 =&
o] oE I Y= AxIHS sl gl -196 AspEs

P)J

FARE olFT °)

401'

o FE5Z nEse P BA
Aol g3t 2 A= Ké**%é% AESIAT
olAZe AAYSAY 54 ARl 04T o] A
FAES A AFEECIY o Pr—%loﬂ upel o A
TS BT Arh24,27,41,45,48,51,52). = o]4] A
o Z olf % shbe & UiNY AdRAE FE HEe]
A4 sl T 45 S8 L Ry WroeE o
B4 1H(3,22,37), °14F 71ARNE AE AANE &
S5 Fdde Wiy} glon, I EWe & Ahe 98
of JE|EL} ¢4 GHE e ZgeyE =2 o]L3}
o2 FFAHNA I} lﬂm o o &wwm FO A
Aths BI% UTH(3,35-3748).
B Age HJAVJ_W# AN GA F FAF oL
EAAZZ o279 A F Agie] YA F 100
Z 7} 7e)olA o)Al F 2FoA 45 Atoldl] AKEE0] B
HE & 5 AT T F A7 dojellr] AER
Byl gaE ok T3 walska] AsEnt oh2)l BALP
é@ l ME EAAZHA A F FAES wt HsT
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O
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=
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= Ry B4 AA T A7) qEeR 34
Q

3F &=
= T
SIck, Ea, ol ozl eide FAAZA Y %
AN A F2 BAREY Al 22 AE

=9 AHsE =
SEAS Hdadog AAY 5 Avke £
E74(3,36,37,42,48) YA&char A=, chloroform-methanol
solutions Bz o) AR5l BMPE &4 §lo) FZ8lW
or BEdE Urnst39) & 283 rRRIAIE, £ 239
AR exFggvteer P4 o] WA & U
oo wgddtty & 4= ot
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2 & QAR Sl wE oF, 3,
22 So] £A1F 0 PP o] FTH X Fgd 9 o
AZHe] Foh FopxEe B3l 2 Fo wet So] ¥
AEe dde] A4S o AERT EEo, HF 9
2 =29 34 = FAFA 4 (bone remodeling)®] ©]5F°]
Ak A JTh531). ] HEE ol B
AollA] o2 ZHe i ¢AFSIE HupEs Aol dnky
o]H(27,51), TR F47t AQHE o F R olAF
Hol| thek 5] W) Ax WHAsyt ARG B
e 749l Uepdta g Ths,7). 2 A3 oy
2ZHe R FAAZEH B F T2 wwds A
Z 3497 SoMHE FHE M 5E FeApL
VERER] @gkont, ol FHe] 47t g2 - FAelA
= 3ejollx] BREIAT FAAZYAME 145 BHEHIA
t}. o] Ak g AT Pg A7 A FolH 4
FL oujata oA HZTTEAR SAFAHIARA
FEahe d7F Boe-S vepdth Bk ohe), Fig 33 3
SAAZAEG oA Ze A ALFE BT o=
IZHAS FRNTAR ZAFAFHE AN
SFZE T, ARHA Rse Eegs #EHIY 0
EAAZYY A 2A2A8E AXEA I =2
239, 2 Ago)x Yeld o|4F
ojZFol 4o glojile olAFHY A
T g AW AAXHPEY o4 E
= o= HYukge] AAEe ¢ ide A
Hog HoFEriy AYzher
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