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- (Abstract)
An Experimental Study of the Healing Process on Several

Heterogenous Bone Grafts in Rabbit Mandible

—Histologic and Biometric study—

Hee Kyun Oh . Sun Youl Ryu .
Dept. of Oral and Maxillofacial Surgery, College of Dentistry, Chonnam National University

The commercial availability of processed heterogenous bone has provided the surgeons with almost
unlimited supply, avoidance of additional operation and prevention of the postoperative complications.
In addition to these merits, unnecessary bone bank, easy availibility and storage have been achieved.

The purpose of this study was to compare and examine the healing capacity of Kiel bone, Pyrost
and Osteovit which used as the processed heterografts for the reconstruction of bony defect.

Twenty rabbits weighing about 1.7-2.0 Kg were selected and divided into two groups. In experimental
group A, the left mandibular defect was allowed to fill with blood, and the right defect was filled with
Kiel bone. In experimental group B, the left defect was grafted with Pyrost, and the right with Osteovit.

The experimental animals were sacrified after 1, 2, 4 and 8 weeks and the grafted site was studied
histologically.

To evaluate the strength of healed hone, 2 rabbits from each experimental group and a nonoperated
control were sacrified at the 6th week after implantation and used for biometric testing on universal
testing machine.

The results obtained were as follows 3

1. It was considered that these heterogenocus bone grafts has feeble or absent immunogenicity since
all of them appeared to evoke little inflammatory or forign body reaction,

2. In all experimental groups, new bone formation began from the adjacent region of host bone and
. extended progressively into the defect sites. New bone was partly formed within the intertrabecular
space of the implant and gradually united with the bone that formed at the margin of the host bone.

3. With Pyrost bone formation was most rapid and prominent comparing with other graft materials.

4. Osteovit was begun to be absorbed from 2 weeks, and Kiel bone from 4 weeks, however Pyrost
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was remained to be intact until the end of 8 weeks.

5. As the results of tensile test, the mean values of maximum tensile stress were 1111 Kgf/mm®
in Pyrost implanted specimens, 085 Kgf/mm’ in Osteovit, 042 Kgf/mm® in Kiel bone, 0.66 Kgf/mm’
in blood filled specimens and 1.13 Kgf/mm? in control.

These results indicate that heterogenous bones grafted have little antigenicity to the host tissue, and
that they mediate effectively osteoconduction by providing the scaffold for the bone formation. Pyrost
and Osteovit appeared to be suitable for the clinical use.
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©] 2 4] &= Kiel bone® (B. Braun Melsungen AG,,
West Germany), Pyrost® (Osteo AG., USA) B Os-
teovit® (B. Braun Melsungen AG. West Germany)
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23 2198 owatr] 9380 Penicillin G= =Y
20,000 unit¥ 347t ZHFAREIL AW =2
oA A&kt

2) ®A8x H¥

ZATH HALE 3ty o] 1F 25, 47 ¢
85 AT 4 2vield YA A sttEFE A
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2 7} 10% formalin & ol 2.4 § ¥ 5% nitric acid°l
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23 T2 paraffin® *visled 2F 5-6um 7|9}
AWE vHE5o] Hematoxylin-Eosin 3483 4314
ndoz FAIAC.

3) AAASEH 4y

o] A grHol Zhir 2qle Y9 HETF FET
A4 7HE 19kelol A stetE-g A st HaAlA
s

AAAZE AALE A AR ddT 52
qutEl o} A 7t 1akE 9] Sl M A FHE 10
e R R E AYAQATE AL HssiHA
surgical bur& Al-8-3la] o}fE o4& AP =
AEGE TP 4X5X25mm 72 A
o (29 1 #&AR). QAL /M8 o FAjHe
gt e A WA A7 Ao 2itg
T AEF FAIHY FHol A7 09mme YL
AAe Agstds, 583 AR 3455 Y (metal
mold) el ZAIHE FHEFAa s Fd
(29 2 &3).

< 21 1 > Specimen obtained from
the implanted site.



acrylic resin
orthodontic wire

bony specimen

grafted site

metal mold

< g 2 > Method of fixation of

specimen for tensile test.
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., AEHMN

L 28y 47
D AHE

15 27 TAEY 99 47 AW
@nolA sl A4F YHo BAHUCH 2
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AA AdUn gdRdres ZAFAEC] VYeh} &
Wy 229 AFadg Byon 5 A A
A3 HARAA AERUzE AT AT
#3= Ack(Fig. 2).

47 27 FAERE JRE A8 14
(fibrovascular stroma)¥ ZIZ A X7 wjEE A4
FTAFE AYA AU AAF HAR F+=
¥/3-F (lamellar bone) 2 Az} hA =32 .o
AR Fdde 2FF vgez Q3 tha #
B35 o] vebtH(Fig 3.

85 A7 FAER o= AN ELFI FE
of AU /AT HAH AU dFAAe
d4H82 #$A3te F47% (marrow space)o] THEE
Rew Az 45Tl HE FFHol S0
18 AT 1ds dgsol AAHFig 4).

2) Kiel bone A8+

15 27 ! Kiel boned QEHE7 A9 glv
e 7tz Eedd AR AYEe d%
HARME AT i FAHol glsien
Yo Ao} Big FAF AAL gl HA
Ho g PyTy gatelrt A (Fig 5).

2% 2% IKiel bone F9o] XUg LUH]
Mg 7t do] AR AR FFT 2R
Al gL 13 AR oA Ao Uk
w3 4T WARdE FE2AY 2IHNEE
o] Ao AAMHoz Yo HPLALS
vehtA gdth(Fig 6).

45 27 | Kiel bone A} ZopA) il o] 2] ZH o]
By Fose FHE 2oy oHEFe
Agle 7HEe B WAL Ry AR
HatsE ok Aol WA #¥AE AAE
£FEL AR FHEHY BAEZ dAHT AN
Kiel boneg] 2Fol Q13dte =FMAEE0] wWid
6] 1o YR M= Kiel bone A5 Apo] o A
AP Zo] AHT AAH(Fig. 7)

85 A7 ! Kiel boned &5 Bl s
ARoH thpE o] HFAF Aol BAFR
AP o) HrMozE APy s
AgolM X et 2EFMNEES b do] e
I EF AN BAYg fIF2As FF
s A H(Fig. 8).
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Afdel s VER Y (Fig 10).

47 2P 1gF:Lot Pyrostd] FradEe
#Hargr = 0.9 Pyrost ] AT AlelT gl
I 2 ANA T B} dPro] JdAn
HEge 25 AdEg DP A vhebstiol, ool
Mo u s AirolME, RTAE B fFE2 Ao
R —'-*ﬂﬁ}“ 722 B 5 Aok (Fig 11).
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Z25)0] 401 Pyrost®] F4 A28 LER}A)
% HFig 12),
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(Table 1> The results of tensile test of specimens

Z2 A welge] AR m HAR e v 4
AfrobalEsh 2ol o] WAHo] Aot
FAdge P42 a#g 5 UAHFig 13).
25 4% Osteovit® Thd 48 FFS BA
o o] EH HAaF Alo]d RN P}

A9 flo dH4 ”"5]0] L‘*Zﬂcsl"}i-l— TAYde
okt B3 E wA¥y ZFZ2Ao| ARA #
FE el s o \_*tl'—"“t' Osteovitel 91743}

of Aol AT 2UAAHFig 14).

47 27 Osteovite B2 F5¥e 23S
Ebal Osteovitel 13 dhed 414 Zo] A5 1 g
‘i’io‘li Azl e 2HAXEo Mg AL

FaF Atole] kAol EEMHE 2 AMdFolA
EEo] =3 S{li’idr(Fig 15).

8F A7 ! Osteovitys HFE F5Ho A=
A s ol AAUL FE Osteovitet BT Bl
NAEA F{E o FiHozes AF4

Hdo] Es AATHFig 16).

2 MAAZEH AH
o] %F o] % A& 4*01 AE o nm
2 (fracture stress) 2 J5t7] 918ko] o] NE 6

F4 213 A 9 (tensile test)"% Algstdn) QgAY
23 Pyrost 4L L Aetie ZF o)FE o
e ABE THERANAM 3" 2} Pyrost
AYT M= B4 BolA H2AHe Faed 4

Groups Control Experimental groups
Specimens No operation | B
Blood clot Kiel bone Pyrost Osteovit

Data $1|S2(81]S82]| 81 S 2 5182 81 52
Pm 253 | 236 | 188 | 204 | 110 108 | 234 | 225 | 220 188
A 234 1200 | 299 | 300 | 257 | 263 | 215 | 200 | 268 213 |
max 108 | 118 | 063 0.68 043 041 1.09 113 0.82 0.88
max 113+ 001 % 0.66+ 0.04 042+ 0.01 111+ 0.03 085+ 0.4

Pm  Peak load vKgfy

A ! Sectional area(ymm?)

max - Maximum tensile stress (Kgf/mm?)

max > Mean maximum tensile stress (Kgf/mm?)

* . Standard deviation values
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Table 12 7HE dpetz Q4N 4724 Ho)
DAL Pyrost 48T A$ 1111 Kgl/mm’
ot s FeA Rl o] PikF oldo s
=459 em, Osteovits 085 Kgl/mm®, Kiel bone&
42Kgf/mm?e g2, Asio] EEug Al 2
$& 066Kgi/mm’, B HETL 113Kgh/mm'=
vElsd A4 g 48] Holgs
HAE vws B o Pyrost AFTAME AFA
HzFe 98%% 1AL AN HHERI o
AYE “-‘ﬂ"ﬂ'ﬂ el dojr o, ofef W3 Qs-
T& T v 75%, TS 58%,
&g

teovit 2 3
18] 3L Kiel hone A& ok 3799

Hgn»a T ol R 9o i o) BhAlx i)
V. &2 & ng
o]%TL FAGH FFol ZhsdHa FrHEY
Seol RREHT £F PIES AYY 4+ Qo]
A7 3 olalEe] dAHLe weldal, FEs (bhone

bank)o] B8 8n] ¢ F el Folzlo] o]
Fg oflel A§gt ol B o g ‘%*FHI-
g xo gk Ay Fate] W@ ga ¢
EE& oS FeE HEAy #eld X}'/}"E—’
WA EAR Apgsteis AxEvl ForEe) e
183941 Senn™ el 23} decalcified ox boneo! A7 €
ol#] 19341 OrelP' + NEstd
Williams® Irvine™2 ethylenediamine2 2 7|5
A AAT 5748 (anorganic bone)-L S
o, 299 = Bassett?} Creighton™<- freeze-dried
calf boneS ZHgElch

2 odo] AM2-E Kiel boned 19573 Maatz9t
Bauermeister® 7} 2% o] FE2A, HIFAH &
2 Qs T9 +5H A4S Fushe] dERe
3 7145 AYste] 714" AAQEE T
Kiel bone AHAlE= YA F80) glon= JA4%E
A8 + e AXE] ST FoARk
o] dojuhy] AHRI oL} TFE A o] A Alel
= A4S Fdo] YojubA) Gierky BRIk
Kiel bone2 o] &% @7l Bohrs'& 7E9]

Fo| A7FH Kiel bones <43t % 10d
A7 A= Kiel boneoll W13 ®74Z o] 4Ale) 712

s

“os purum”

m}: ru|
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ol Baad Alzke] Fndtd aie} ZaAel
Ztel7b A Fdfm Al F4e
BaEe) 2kd el A
5H Tt Killey s W 8-

F2

ot WSt BRa

7Hee] FrRse) AA 8mm
Av)e] EHERF Y4351 Kiel bone? EHo 2
HE F T PAE APF 23 1F5nE
SHER QHF YT AT Pyo] A
Ztslo] @A} Kiel boned] 4T Alo]l & HabE 9]
o &gch £ A7 AT Kiel bone o4 F 15
ARE A B RE HAE A o] mokstA
AlztE o] Pap AR AME L 9y & 5
AL 47 E o] & HaTe Alo]
ofl A RZAlEel 23t AT FHgol el W
AR B49 T3 QAN T F9 = Osteoconduc-
tion) 48 Hod Kiel bone AHlT A FHol
Adyge] glov HHE 7% A2 It Ta-
heri® Gueramy™ 2| F47 fxH L2 74& vjerd
Aoy Atg ¥k ofd]g Kiel bone 2HA¢) 2% 4
w2 AAE X437) 93 JunF", Salama®’,

L=

,_l_T"J_z-l o

Salama® Weissman™ 52 2 23 &5004 Kiel
hone® A7lESre] Efol g FHIHL wg

B oA o MF 45/ Kiel bone] &<
A& FEstgel. olfg A 7hEe] Fer
o] 4] F 45 ATiofA] OT"’? Kiel bone® K7}
FFES BEEAYDS A%V AES A
AAE vebd FeR A}-S_E]U] A7 Fr Ao
#HE e | wAr|de] ZA AEE oy Hos
Azt B A7 43 Kiel one V2% g A
WAZY GZAE £8 59 TR o] ENES
VFERA] opgk ot #E g ol A A4 Z FHAge)
thh B3 iAAlE 43 AEe] o] G& of
Z o} B ol H3) Bad Ao g HrE A,
Kiel boned Aol @sbo] Fp Gapgt W
slel o] A9 gl 2log HuEd 2L} Hancox's
2 Killeys™, ¥ Kramer'$'” &< Kiel bone o} 4%
S BASD AV FNEE AT U
Aoz Bisdct &9 Sydamadt Gazity= Kiel
boneo| W& mjokat FUAE rHAL ok
Aol Azg A ok sHon L o)
QA o] el it g THEAe] Al
Brolgkil Bkt

7 7143 (anorganic bone) < 19635 Kershaw™ 7}
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10-1271 48 $Fo\A FHatal49 ethylenedia-
mined AMEEe] 4AF gehlAZ] Oswestry
bone2 7HES olef, o8 FAREU 6V 2g F
EAE A 370 F5HA g1 FEEe F
AFE ALdsine dFehd BEV-Ee] fln %
g T2 Hol Aol ¥ L (scaffold) &
AFEFeEN o]dF A&F FHAo] fxHU
FAERRZ NEE 279 AYE BA ozl
¢ f8¢ 2Az HrHUoU FEd s
Aats 2] ZstAct F7123 Pyrost®: AHE:-$
AFE =8 "olut Mittelmeiert Katthagen® -2
7tES Pyrost® ©)3t 2A{AAAE AP
A3} Pyrost EAFHo| ARG Zo] YFgorw
M F3E EJAIGI 3P on g F of 2
Z % (implant mesh)Wel]l XDg A3 Ea)9}
#7 Pyrosto] -0 HEEE BFHYL, AT
2o ot A FF H&F PyrostE olHdo ¢
4% 9A4H AnE 4ty 2udgd B @
Fo M PyrostE o] A% F 15AFE HHukE
glo] AAErie] WP BEAHoR NAF I
o] AlZtE o] 25K REH & HAN Botolel o
AFoFdd B IAXEC] YaH] UM
T o4 FAF Alolols JAE Ao BEs
You} WAR Y AT FHEe S BEAY
% o 4FHdle FaFAL)Z}t gy B
F2 FoEo] glo] B ATl HF 7 A
£33 ohake] FAANAAE VR UTh Pyrost2]
FF4aAL odF sgEA7A ARG ¢ e
F47F Adss ool B3 Bassett 92 &
M7t o]FEFe AAH Z7]|E WHATE Bl
2hil 33 Killey®t Kramer's X ]#A Foj
713 Aol AAH] F57t AdETL 3
ot 4% fele 73R gt ol o
Fr= Bk grjgte] AH @ge] 8 Ho=
Alg ot 123 AAAZER AP o4 67
ZAAF O 4Py s AYE AR
B wL QAL E YEP H o v]Fo] 359
olZFFAAM 7t 5% Aeg HrHAY
DYz A4 AL 1947 FY ol E¥H
F54 24 catgute) AHEE old 2 FAY
Holl HEHeE7t vlg dgEd F= AN, &
U, ARG £ 2340 2 A 3HE o AL4-5| o

j=jn =4
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o0 aPde A8 FEAHANA Cobbs”,
Hiatt'’, Reddi®} Anderson® % Solomons® Gre-
gory® 5 Y Fo] FARKE HAF| I A E
H4¢ Axdgn Rusigo € d7lM e o
HE 2FAKE Osteovit] AHBA FIF2Ho
HAEE BEY & dded o= Cobbs"Y 4
i FAME FAF SAE JEbd Rew AR
o, Ao g o]ENkg glo] AMAF YA
A @28 dojta 25 ARE Osteovite] &
Fao] Vel Al 28 ste] g Aol = Osteo-
vit7h th 38 S $dEF2 gA=e] g
TP AL A|7bo] A ghel] whe) Bl o7 F 39}
AA e FHgo o8 FFEe o B IE
EXol o)Al & o 47A o FEHLE FF
I 3MY Folle A Fxoz Wy, Az
2ol o)A Aol o 679 Foll AT Ay
ZHo g YAErd g3 Yo

TH 2 AFoA AgE ANASYSE HAae
EA g6 B3 HAPPH dF 0 2 A Clarks}
Hayes®, Reitzik® 2 Reitzik 9} Schoorl® &-& seld
Avgd ngdhydd wg Zxe] #E-L, Pie-
cuch’@®& M| ¥4 Hydroxyapatite ©] 2] ¥ AFH 2
A Ee] viglgo gy zHE Axe FE A
ANAZEHo 2 ZHste] Kag v ok £ 4
T A stetE A& 3F 9] o] FFE oY%
U A4 A=Y EE BA}TA o)A FE 6
A AGAEE NYIRL o]lE FHERY ¥
Hehg AeE A R AL dzTo ¥E JE
st} Pyrost @A A4S #4171 Bdd
o2 AT AR AL I FPEof
g Zloz Azt AN At HAF-EH L
Pyrost @2 - 1111 Kgf/mm?, Osteovitts 0.
85 Kgf/mm® Kiel bone® 042 Kgf/mm? ¥HT&
066 Kgf/mm® o]l o7 4 =272 113Kg/mm’
2 el 2950 Z Pyrosts) Osteovit JHTF
& vt AE 5ol v B & AAE
Hg 2oy Kiel bone2 ¢ e AFLHE
Uehlie] 71 B3 Aew HriEfdcl x§
AFAAPA Suhd RYg @IS 437 2EF 9
AR.QoA shdo] ALY Wl PyrostTHe ©]
2| 547t obd AT Fglel A Bdo] FAYHUL,
ey FYAY A= E otgy nIAE W M



59 Aoz ARHA.

B A7 3% 7hE sere) 2k 23 3
oF2 sfdel A A7 Ael7h Fob BAERS
A BAE + 99er 4% sFAZAY B

FHY Aol b M FAAT BF )% o FHE
gulzA WSy geMe o & 2AERE
YA} A7) BA AAFRY oFAL A
e ol4E vis) B3I A7 B4 o]F2

EJAHE-S "].‘r-'ﬁ‘ﬂ Bozi | v dAE
AL ¢ AL Aew V) E3 YA I3t
BT A °] Z3to] e S ANd3te S¥A
582 /AWM A 3ol 43 o] F AL
ASE Rty 2A7tES Wildkd AnFes
o] &8 £ & Aoz Atsd}
v.g &

A7E $FL HEAHEE olFE Tl
D AA FAapAge) vnE $5E AoR
2212 Kiel bone, Pyrost ¥ Osteovit® 7HE9] 3t
g AERd olAF F 1T 25, 47 H &FA

HPNA B F S o] E3to AR AL
zAeH o7 BASFYL oA F 67 AFE F
of tig HWAAEHE FHste o3 ?s“%
ARE AUt

1 3F9 olF¥ BT F3I FEuksoly o
Erhg-o) Ueh}x] ghol U o] A fle AR
AR E AT},

2. RE AYPwd A AdAEe) H4o URE 91

Ao Agstd FAERNE JPgse A
Ho = o] A2 Alo]o] £xiEl 2T LS
o3 AMFZol PYAH MR P48 4
HA FEEs 4S8 B9k

3. Pyrost FHTollA] L& 2g 7ol vl3) 248
e 284S e

4, 2] EF9 EFFe Osteovit’l 28R FH, Kiel
boneS 45 A EE] JER}7] A 2319 2™ Pyrost
85 A Fea7E Jehi A st

5 AAAZHoE AAASHE ST A
3} Pyrost A#wte] 7-$ 1111 Kgf/mm?, Osteovit=
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EXPLANATION OF FIGURES

Fig. 1 Blood filled group after 1 week (H-E, X40) : The bony defect contains young fibrous tissue
and some unabsorbed blood, The trabeculae of woven bone formed at the margin of the intact bone,
and the ingress of muscle tissue into the defect are noted.

Fig. 2. Blood filled group after 2 weeks (H-E, X40) ; The defect is filled with osteoblasts, osteoid tissue
and dense collagenous stroma. New bone formation at the margin is considerably extensive.

Fig. 3. Blood filled group after 4 weeks (H-E, X40) ; The defect is filled with partly woven and partly
lamellar bone. Fibrous tissue is seen at the inferior margin of the defect.

Fig. 4. Blood filled group after 8 weeks (H-E, X100) ; The defect is almost replaced with the lamellar
bone, and has some marrow spaces.

Fig. 5. Kiel bone implant after 1 week (H-E, X100) ; The implant is surrounded by the stroma of
fibrous tissue,

Fig. 6. Kiel bone implant after 2 weeks (H-E, X 100) ; The ingress of the fibrous stroma into the intertra-
becular space of the implant is noted.

Fig. 7. Kiel bone implant after 4 weeks (H-E, X40) ; The implant become smaller and has irregular
edges which may indicate absorption process of the implant.

Fig. 8. Kiel bone implant after 8 weeks (H-E, X40) ; The lamellar bone formation is noted in the
intertrabecular space of the implant.
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Fig. 9. Pyrost implant after 1 week (H-E, X100) ; Pyrost has been dissolved during decalcification,
so empty space is the site of Pyrost implant. Loose fibrous stromas are shown in the intertrabecular
space of the implant.

Fig. 10. Pyrost implant after 2 weeks (H-E, X100) : New bone formation is noted in the fibrovascular
stroma.

Fig. 11. Pyrost implant after 4 weeks (H-E, X 100) ; The lamellar bone is shown within the intertrabecular
space of the implant.

Fig. 12. Pyrost implant after 8 weeks (H-E, X100) ; The intertrabecular spaces of the implant are mostly
occupied by lamellar bone.

Fig 13. Osteovit implant after 1 week (H-E, X 40) ; Loose fibrous stroma, mostly necrotic, occupies
the intertrabecular spaces of the implant.

Fig 14. Osteovit implant after 2 weeks (H-E, X 100) : Fibrous tissue within the intertrabecular space
of implant and osteoid tissue at the margin of the defect are observed.

Fig. 15. Osteovit implant after 4 weeks (H-E, X 100) ; Some indications of implant absorption are noted.
New bone formation is extending into the implant space.

Fig. 16. Osteovit implant after 8 weeks (H-E, X100) 5 Most of the implant has been absorbed and
the defect is mostly occupied by the lamellar bone.
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