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Abstract : To investigate the effectiveness of the freeze-dried allografts and fibrin glue in
bone grafts, the status of new bone formation and union of the grafted bone were observed
in three types of grafting bones; autogenic bone(AT), allogenic bone(AL), and allogenic
bone particles mixed with fibrin glue(FG). These were transplanted into non-union fracture
model of 7 adult dogs with 2cm defect made in the proximal metaphysis of both fibulae.
The autogenic and allogenic grafting bones had been treated by a modified freeze-dried
method.

The serial radiogram were observed the repair process of grafted bones biweekly until 17
or 21 weeks after transplantation and the observation of histological aspects, tetracycline dou-
ble labeling and microradiography in the grafted bones were undertaken at 17 or 21 weeks
after transplantation.

The incorporation of bone minerals to the non-union fracture models were accomplished
in 4 of 5 cases grafted with AL and in 2 of 4 cases grafted with AT. None of 5 cases grafted
with FG were incorporated.

The process of new bone formation and resorption in the grafted bones were observed
three types; resorption of the grafted bones after newbone formation(type A) in 4 cases, new
bone formation after resorption(type B) in 2 cases and complete or incomplete resorption

without new bone formation(type C) in 8 cases.
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The modified freeze-dried method used in this study contributed to inhibite the rejection
in allogenic grafts but the union period of the grafted freeze-dried bone was more pro-
longed than that of fresh autografts. Fibrin glue did not contribute to induce a new bone

formation ofbone grafts.

Key words : allogenic bone graft, freeze-dried bone, fibrin glue.
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a® a4z gEA YU ol e ATEY Ane
272 240 QoA fibrin ges] 44 UE
2e A7 $A990Y AE @] ¥ Yo

E Q3= g ZANEEER 3o AFA &2
52722 Ay oA #AHA 27HA B S
Hesle FAAzA dg FF o)A A%
712 FFF ol YN AFEEY Fol &y
@5t 9 Fibrin glueE 53 $402 3o E3st
o o] aAe AF TR 7198 AUNE HES
7] 918t 3279 o)A F F, A7t ARZZ(AT), §
FEAXZFAL) 2 5328 52028 242
fibrin glue(FG)E &% & 47 45 vl 2 o4
st Aty 2 23 gAQ #EE ST

Mz ¥ 9y

AEHSE  garEAGA S YBZHAAIAN A7
AHel7E FatolEln A HE AF 10.03+1.24 kg
Q) 1~249] ZEA 75 & FATEZ AHE3T.

SEHAXZS HZF: du Y FAE bea-
gled oz 2E v F3 3 F FIANFE HF8A
25, 2% 2 223 58 AA3L chloroform +
methanol (1:1)jol| A} ¢ 48212+ 3R ©]
ZHE gol25E AAT Fo 90T FA7
o Wol 247 TASAT FEE FHL F4
%474z 7)(TAITEC FREEZE DRYER VD-80,
KEFLE Japan)dl]l Fo] -80TolA 72A7HE <t
EAAZAAG ol FUY FEFE 1% °]
st 2AA%E Z& EO gas(cthylene oxide
10% + nitrous oxide 90%)2 WX F3le] 2
B &3t}

Fibrin glue<t HE=EZ(FG)e &=
ME: 5AAz2Y AT UL 24 F A
(sieve)Z o] &3t 500~850um A7)9] EHEE
2g)5m EO gasZ WFEAS ] Ao BES}
At BT o)A B F9 oY F o
& =Ay|e] AFH plastic QEF Fujg FH4Z
& Yo % ojy)o fibrinogen¥} thrombing] &3t
o (Tisseel, Immuno AG, Japan)g F¢Y & A4
Nz % w2 Aed F7 Atold o] dtgl e

E=xE
S oo

FG EFF & Fo|2] AAd AlFs

0% 2 FATES Aled 2447 AR
t}. Aol A 2= atropine sulfateE AlREIH oM,
thiopental sodium © 2 X ¢]v}# & A]71 ¥ haloth-
ane?] FYTHAZ AN HE AR

g7 23 modelt Al : FEWES Ut
A g4 ngton v F FZL FFF-Y 9
2R F94L T4/ A )Y FHe
Zt FNFEY A& 229 de B9 29
Z0E oF 2amE HFHE ¥FF FHmodelS
DEQT. dHE T B4Ax2AHYE e
A<sd BRoE F0E 3FY 24
At § A9 HE7 5 v Fol= M2
e 79 $4AX23E oMoy ¢59
A& 159y +4& FUT (Table 1).
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FG E82 0|4 : FAFTE 559 5 vZ
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95t EARZAYE on dEE ¢34
2o Fulg % 52702 FY FHF3 fibrin
glueE Ea A& o]A3At
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o|MZo| x| : FAFEd g 359 0|4 =
A= AjA 9 Aol & Fo]7] 93t Table 194
¢} Zro] v A3t Q .

YALMEE HAL: ojrlg F 2F FHoR
17~21F71A) W) Z9] HAT SHA WAL &
FE 3o 29 FTAEG AAEY AR S
ZAFA T

ZAEH HAL:ojAd 29 2T #F
£ A3l o] ¥ 17~21F0) FAFEES U
ALAIA o] A F BES HFH 1 3T 2H 8 R
I H gy E 2 EREE AFsY FA3AT

g§ilE =B HE I AHE & QAeRF
formalin®o]] 347t 143} 3 Plank, Rychlo 4
gidoz 6A17F E3A7 F 5% sodium sul-
fate® F3stn 124120 AR Ao mE
paraffine ¥ v} & H-E g A3t 33 Ah

B3 ZE ZEHEE HME : o] FoA FolA
2o ST AAFAR A= E FFE7 4
B} tetracycline double labeling-& A A} 3F & w| &
3 g FEAZE o A2 LS
B23}7] $18h HORLF U #R 5 E (microra-diog
ram)& 93t

Tetracycline double labeling* : ©]2 A&
Z 13-17F | tetracycline 25mg/kg/dayg 2d4 7t
ZHTFALE I 2% o ThA] tetracycline§ 2 &
F EHOE R 2F Fof AN o
2E BHE AHA

HEslE B2 2 FATENA HAT
o] Fo] AR ZAE AATY F SmmAER Ad
3}od 70% ethanoldl] 3A)7F 1A 8} 12 Villanue-va b-
one stain o] A} 3YU 2 G A& Th G F ethan-
olZ FEANELoF B33 100% acetond]
A3t & A4 polyesterd=X| 9} 317} acetone E§Y
o AAA7F 2 HFHE(MARUDO, MD- 200-d,
Japan)E AE-3le] A3 2xAY Jt2E AA
(degassing)3} 12 100% Polyester =2 2 E ufj 5} g}

Fujg EEL power cutter MARUDO MC-411-d,
Japan)g ALE3ke] 300pmE AGE F AFARFA
(MARUDO ML-521-d, Japan)& o] §3ted 50pm=z. <
upatd . 50pmel FEE AX-AH AR zv[PA
film(Kodak: 649-0, Japan)™ AX-A #43x)(Soflon:

SRD-MS, Japan)2 #g3te 4 fimd 1 &L
slideo]] balsamo 2 z}2z} B-Qlatn g&& JetéEn| 4
o REL B8 Y YRV H o R 747 AR5

Bone alkaline phosphatase(BALP)%|2| &
o] 4F Zohx] BHYFTE FA3}7] 3y
A FAA 25 B2 Z HHE Y E Leung 570
AL E oz &3 Zo] £33

(DHeparing 718 A g #o] A4S FH3n A&
22 A2 EFE 90T 543 A

(@Kinetic alkaline phosphatase $+3=943%} p-nitrophenyl
phosphate® 7|22 &} UV-spectr-ophotometer(UV-
160A, B Co. Japan)E 420nmof| A &4 3}l Total
alkaline phosphatase(TA LP)& 2434t

(@ Triton X-100 40g/13} wheatgerm lectin 5g/1(Sigma
Chem co. USA)o] E¢ & 100mle}t %3Fe] ¥}
& 3k 37TAA 3023 v gt 1687 dAE
g 3o

@%EdE @9 22 Wy oz ALPE A5

B®BALPA &= @A A& TALPX A @AM g&
ALPA & A&t} A3t

SANESES &AL Z& AT Tl Z FA
SEO A HAYE S o) {FFE BH3I] 9
Yo R oAl AREH FAIAZ w71
v 2572k A 02 by 3] ALe} ALT, BUN, Cre
atine, Ca, Pi& 258 % 847) (FUJI DRY CHE
M co. 5000, Japan)& o] &-5ko] =4 shslct.

g o

AYEel 4ot 7Y 3F9 FAAXEE o
A3t 17~21F 7R WAAALR o2 (3 2
Fol M AEFAe] v Fo ZHDH dADAL
ol& FEHA A7 TAY U] E AHE 92
dAE FHE Zo= TFHAE AS, A 14
dF 6cE8(429%)7t F#E UEtdeH, oF
ALE o] 2@ 5o A& 49(80%)7 F#= A1,
ATE o] 4 & 44T 24)(50%)7} F3H= At 28
U FG EFF & o]43 s5doMe A¥ Fiol
o] F0] 2] 2] ¢ kth(Table 1, 2).
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Table 1. Radiographic appearence of graft bone at 17-21 weeks after grafting

Case No 1 2 3 4 5 6 7
Grafted site L R LR LR LR LR LR LR
Species of graft bone AL AT AL AT AT FG AT FG AL FG AL FG AL FG
Incorporation Uvu UN NN U* N UN UN N N
Resorption Type AA B C2 C2 C2 AC2 B C2 A Cl Cl C1
Weeks of grafting 1817 21 20 19 20 20 21 21 19 19 18 19 20

U : Union, N:Non-unit, U*: Remains of the grafted bone. L : Left, R : Right
A : Resorption after new bone formation, CI : Incomplete resorption

B : New bone formation after resorption, C2 : Complete resorption

AL : Allogenic frecze-dried bone AT : Autogenic freeze-dried bone

FG : Allogentic freeze-dried bone particles with fibrin glue

Table 2. The type of new bone formation and

resorption after grafting
Union Non-union
Type Total
B Cl C2

AT 2 - - 2 4

AL 2 2 1 = 5

FG - = 2 3 5
Total 4 2 3 5 14

Type A: Resorption after new bone formation

Type B: New bone formation after resorption

Type Cl: Incomplete resorption.

Type C2: Complete resorption

AT: Autogenic freeze-dried bone

AL: Allogenic freeze-dried bone.

FG: Allogenic freeze-dried bone particles with fibrin glue.

2~35RE AAFo] YA E7] AFsA o)AFe F
i} 2o Ad 37153 )42 R FEE
o]# ez AMY 14dF 49)(28.6%) M YElYz
A}

o] & YL ALE o] g 54F 24)(40%, case
No 1, 6)o)| 4 vEb 2™ 23 6] A 115 Aol A2
o A HTE ] F I 13~15F 9 REE o]y F
o Foh A4 EY HAo] doju} 18~20F9 = AY
H) 9] A¥FEE B7Eo] gton o] F L F5H
o} 1A THFig 3).

T8 ATE o] 4] 3t 403 2904 o] FAdo]
Ebst 2.1} o] F 16])(25%, case No 1)l A& 45 &
§ ORI 6FAE oA ZH AT E FEY F e
e Helon 8FRY A3 47 Az 167
o AY 4 717k Fel7l AL oA FE &
A3 FFEH YA

—®— Tywe A, A tcase 1)
~O— Ty B, C2 (cuse 23
-® - Pype €2, C2 (cuse 3
—8~ Type A, Cl lcane &

BALPUIUL)

Weeks

Fig 1. Change of the values of bone alkaline phos-
photase(BALP) accprding to the cases with each of

types after bone grafting.

Type A : Resorption after new bone formation.
Type B : New bone formation after resorption.
Type C1 : Incomplete resorption.

Type C2 : Complete resorption.

ojge Hev ZAHTHA FHANE o]HFL
FaH dled AAZoE B osteoblast, Osteo
cytes(Ocy)9} Haversian canal(Hc) % Volkmann's canal
(Voo #EHT YAt FHEENME ZolAXE
(Osteoblast: Obl)¢} 3} 4} ¥ (Osteoclast: Ocl)7} #3HE]
$1TH(Fig 10-A, Fig 7. Lt, Re).

o] A& 13~17F4] 23 AL R tetracycline 2 labe
lingdle] gFdnjAdo2 RF3d FFoA A Zo)
FYH 1 e FES Heg $402 2520249 BHY
Yo ABZHAYZE Y + AN L (Fig 9-2) mi-
croradiogram& o] &3 filmo| M= Zgo g 89l
@ < AN TH(Fig 8-2).

ATE o]2]3 T} & 14)(25%, case No 4)oll A& ¥ &
o A9idol A o)A g Fo] FFHA G A AAF
o] o]4F9 FHUE wt Ya FAH 16Tl &
A FEE o)F2 A 22} 205742 & o] 4
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g F& PAAARAN AR Z] A EHE A=
F4HA g1 JAen 2AHHY ALJHE FF
82 e oA IAEFHI U AtH(Figs 2,
71%, 7Rt, 8-3,9-3, 10-B).

Type BE o] 4 o] A9 F5H FH2 0]
oA ANAZeo] A e FEHZ A 1499F 29
(14.3%)9) 4 Jebskon ojA & ALE ofA§ 54F
24)(40%, case No 2, 5)sl A gte] Yehta g A
Aol AY YA F& FeoA 01429 FFE
%3 FAGANN YojubA) g3 FHAAM T 11~13F
A Yol or] 15FRE & HAE o[22 FHd
N A Zo] YA 5 21500 & | F ] LY 77t
A3 Yoy Hgd FeE et AN THFig 4).

0|59 ZATA BHA oj4d FY EF Y
EhgA) gton] @ud AT Aol yEiuth
a2y o)A HIa e £F9 HFZA594
Zvto] gl VAN THAHL IRE F A
% tH(Figs 8-1,9-1).

Type CE o2& FRX A3 A4 20| FAHA
g2 Yot} o] Zo FFE o F 18~20F 7}
Al FF7F YA ¥ A(island)z} 22 G2 @
ol 7 H(type C1)9} o] A F 1257 o) #A3 F
¥ Z$(type C2)2 YEU L A THFigs 5, 6). o=
ALl E F5E ojAFY F2 FF HQAA Lo
dojuta FHANE F571 oAvtA EAY oy
t. Type CE= 146]% 86)(57.2%)2 A type Clo] 3q],
type C27} 5¢) 2 YE I YA R type CE £F
o ujF ANREF SHFEANA o] F 6~10FF
E] F$)% (bone atrophy)e] vrER}7] A28t 20571
A A&H 2 ANt

Type C1& ALE 0|4 & 54]%F 19(case No 7)| A,
FG EFZ L o|4 & 5dF 24)(case No 6, 7)o A 1}
el 23849 #FM ALZH Alo]9l fibrin
gle:= 1 P& BIY & AT o] ZRY Alo]
M E ZAEAT AXEL BFY F U2 (Fig
10-C)D) AAZ9 AL #FFY & YA Type C
2= ATE o4 4¢)% 2¢)(25%, case No 2, 3), FG &
2 o] 59)%F 3¢f(case No 3, 4, 5)d1 4 242} v}
Ebuta Qlgict (Table 2).

BALPx|2| #i8} : Z} FAFENA ZolAZ
$HAEY AE2AM ¢ BALPAE FA4 3

=y

2 v

A

o

FF BT pe AY F#E o] E case No 13}, &
%< type A, BHREL type Clo FEAEHE U
Bl case No 6, §% L type B, Bt &L type C
2& U case No 2 182 4% EF §¢E
o] £z} Bg type C22) case No 3& Hjw§ A}
(Fig 1)olx ZotA X9 84E AAFE & e
Z, A9 PYAHog FZFd fKio] Yo
case No 1 oA 7} & BALPX & YErY 3 QL
o AT Yo glol ol EF HHE
o] FA] K3 case No 394 & 7} ¥ BALPX
& Jehila Ut AAE Pl FEEH case
No 13 A AZ Aol gl case No3z}e] BALP
Ao e 944 A Aol(p<0.001)7} YA = A

AN F FAEEA dE 93 gy
AL 2 YA A QA A AE 25
& A$E A

L

ojMEe SHUX XMLy FFF o4
A olalge HEwiezn FAYHY FARAAZA
7t 7+ GdurE o2 duA Jlen A4
dME AL L FELE $45T TP ALY
o] & u| & QA (fissure)3} FAo] Hojuir] AL
@Fo] oy APl Fi XF7A &3
e PHET B ojHE HAn A F, 52
AZTE FE 2B (3~5%)02 37]7H5~20d)
o] AR de&rE] sty AsletA Wl
g #4372 UL AAAF B ohvg
0] 2] Z ¢} &8 %= (osteoinduction)ol] &L 1A X
BE AR dA Jder 4 A=
o vl ZFo FAAG A4 E REA HAA
g49% Aoz daiA ot

a8y X F7A ALE ol o] 2 s A ¥ A v
Al HEF ol FAAZZ Ayl
gkl en, 1 23 =3 B ZolE Yeh)
3 1t &, Burchart®s 2% 5 A¥-23 & A
A&A ¢ 31 chloroform+methanol®d 2]} 2 A
gglol 14%9] HF &S B ud Sinibaldi=
chloroform + methanol X 2]§le] -20CA T2
B E3le] 96%2) Bt

[»]
ZES

[« 3K o]
AEEsE
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a2y ol d Ay e Aozt o] 49 Aujd of
=A3xY 4L v e e ¢ 5 A gt
2 dgdMe ARvge A FPHUAY BE
2 9% Y& 97) 93t chloroform+methanol
Aelo] g3 FYEASY $EF EOgasd] AFHE F
Zstna gt B¢ §242 AYAAAAMY &
€ -80TE 3t X4 Ay g 2 &4
HILE H4dEed 438 FAT

o|AF9 7] AYHANA FHoj} FF E AR
A& AASE AL o]Fo] WY Arwgo s+

Qo] &7 WFo|n 9 7]de] BMPEHO| &
Hol ¢4 2 7138 AU 98 Aoz g#A 3
. ojA1F 9] chloroform+methanol &= Urist7} &
AAzZo A ARs D Y= PP R A° A
el AAZ AN E $E A7) FH* BMPY ¥}
glo] EO gasd] AFE ANt o2 48A U7
] -0 AT,

44 FEE 5%0|81E AEAA S
B B A3eAQ dRH FUEE HAAT
s Aoz g4 ok 28y 2 W4 QoA B4
AZLEE -30ToA -80TAAZ, 7]7HE 190A
3ANAE, FFA "M 7] & PHe A
g3 glon FREFE 1% 032 WAl & = HA
9t} 2 Burchardt® -30T oA 24417 AHEsty F
B $8S 5 %% 31511 Navy Tissue Bankoj] A= -40T
oAl 57Xzt Aste] 3%e] FEE, Schena
45l M 48212 A3t 1%0j8te] FEFF o2 A
g3l ojyggon 1 2RE IRt TYH Y
Aoy aae Hagle] A7)t BEY + e 7}
A EFESFH 2EE -80TE gAY

o|A g FF#AY Ao hgt EJA Wi
38t ¢l A=W 02 thimerosal solution, f-propiol
actone, ethylene oxide 33 19 & & 9y 9
WAL ZAMY S 28 BE A wye] gA ok
Ethylene oxide gas B# & o] 4 F9 t}3%(porosis)
3 27149 ZEE AAIE T Dol Yoy
e ojd 28y B IPAAEY 84S ¥
AR e Aoz A 9y o] &HI e
olt], £3] gd ¥4 EO gas®] AF-E 7
Adte Ao gEiA JupPBRPE EFFol oA
2714& YAEEHE o]4E ZF 250~420pm= o

o
=2
T
Q
s

Ly
e 2

27 L.
= -

[e]
e

I EF

AYAE A A&3A 55 %
Z PAo] A drtn AP, BF Reddi"E 44~
74pmE 2L §$EEA Fon 74~420imo)A TL
493 89.on Shen* 5-& 420~825pm ) A}s}
fibrin glueE & A1g3¢th mgtx E dHAXE
A 719) AP E 12 3he] 500~850pmE FH <)
EVERLLY ] |

Fol AL AP FHAEA v Fo] A HFE A
o2 ¢Eld AL AYTo A 1AxHE AES
e Aol oy yRaRYolY JRIGHE 4Y
3 202 3L FAF] YY) Wi 2B E
4o 2 3A ¥E uFY o)A & FFPgelda 744
a3t QobY. B v HE 23 modelE o] F7] 9
HMe Holx FALA0| A7 9 24) o]ifo] Hojo}
AAAF9 FFE FAYE 5 de Red 49A 9l
o g B dgoAes vE 27 2989 A%
4~6mme] 21 o] <] 20mm FEE HF st v]f 7
4 model& HEUT

SRt B dFAELE FFF o4 U
GAFENSE Ay FHAHAIAG &4
FASE Yo FAAXRAEYY F
FAstm o Ao Fo] §EH
= Wyol7| =t a2y Nt AEEER
A o] EHAY dF dAHoE FEFHAS 2
Aol B zolE Uehga Ut F, Henry’s
A} sgele] 5F FAEF o)Al A 36%} 90%
o] &S B33 Burchardt®s 2143 &
& Y v F ol4dly W {FFHE LA
3o 5F2 AMEFE FARERSA oY
3 Ao A Zrzh 14%} 75%2] F#E&S do &
Aol EA9 TEAAZ MY AL E o
AsA £ S8 AlAbska .

Y 33 0 2+ Friedlaender’= £4d4 @FA
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Legends for figures

Fig 2. Serial radiograms of type A represent resorption after new bone formation in autogenic freeze-dried bone

grafting.

Fig 3. Serial radiograms of types A represent resorption after new bone formation in allogenic freeze-dried bone

grafting.

Fig 4. Serial radiograms of types B represent new bone formation after resorption in allogenic freeze-dried bone

grafting.

Fig 5. Serial radiograms of type C1 represent incomplete resorption of grafted bone in allogenic freeze-dried bone

grafting and allogenic bone freeze-dried bone particles mixed with fibrin glue.

Fig 6. Serial radiograms of type C2 represent complete resorption of grafted bone in autogenic freeze-dried bone
grafting and allogenic bone freeze-dried bone particles mixed with fibrin glue.
Fig 7. Photomicrographs of a 50pm thick cross section of non-decalcified grafted bone(Villanueva bone stain. x 40).

Left: New bone formation region. Right: Host region of host-graft interfaces.
Fig 8. Microradiographs of a 50pm thick cross section in non-decalcified grafed bone.(8 KVP, 3 mA, 10 minutes,
Konica contact film CS 100E) x 40. White region represent the precipitated calcium.

8-1. The black holes of border are Haversian canals that osteoblasts are forming bone in fibular of host.
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8-2. The many black holes are Haversian canals that osteoblasts are forming new bone in grafted bone.
8-3. The upper left part is grafted bone, the right is new formation bone.
Fig 9. Fluorographs of a 50pm thick cross section of non-decalcified grafed bone(Tetracycline double labeling). x 125.
The yellow parts represent new bone formation.
9-1. The double yellow ring and line in border represent bone formation part in fibular of host.
9-2 The double ring represents new bone formation in type A(AL)
9-3. The non-absorbent part of grafted bone in type A(AT) did not represent the yellow part.
Fig 10. Cross section of the grafted bones in the non-union fracture model(H-E stain)
10-A. New bone forming region in type A( AL, case No 2). % 40.
10-B. Left region is the grafed bone(GB) and right is the new bone(NB) forming region in type A(AT, case No
4) x 40.
10-C, D. Blood vessels and cells had replaced the fibrin glue among AL particles. x 40(C), X 100(D).

Abbreviation in figures

GB: grafted bone Hc : Haversian canal
NB: new formation bone Obl: osteoblast
Ocl: osteoclast Ocy: osteocyte

PF : particles of AL
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