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Abstract - Bore matreiv gelatin (BMG) has been used for
hone induction intramusculerly and subcutaneously by muny
fnpe_\ﬁlr;ﬂﬁ;_rrx simce 1965, More recently, some of the researchery
have used BMG particles for bone repaiv and reported various
restlls,

It presemt siwdy for evaluation of bone induction and new
bone formation in parietal defects, BMG particles were used in
jive proups of rofs, The BMG way preparod oy previeusty
descrithed wsing Urist method, The defects were produced with
S-mm diameter in parietal bores and flled By BMG particles.
No BMG was wsed in eontral group, For eviluation of new bore
[formation and repair, the specimens were harvested on days 7,
i4, 21 and 2% after operufiop. The samples were priocessed
histelogically, steined by H&E, Alizarin rel 5 staining, and
Alcian blue, and stwdied by o lght miicroscope.

The results are as follows;

In contral proup; Twenty-gipht days after operalion o Rarrow
rim of new bore was defectable attached to the edge of defect.

In BMG  greaps:  Af
chondroblast celly appeared in whole area of defect, A 14th by

day 7 afler operation  young

after aperation kypertrephic chandveocytes showed by Alcian bue
stiriming ard caleified cartilage were defectable by Alizarin red 5
The wumerows  teabecidae  spicules,  eerle  adelt
and  highlty  preliferated  red  Bone  marrow  well
on doy 210 Finally typic bome  trabecalne with
osteoblust  celly
deteciable af day 285 after speraiion, In conclvden, BMG could

staining.
oy es
developed
repilated and  serme osteochist cells were
stimulate hone induction and new bone formation in bowy
defecty, So, i seemy that BMG could be o good biomaterial
substance for wew bone induction in bore defects,
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INTRODUCTION

Sennm owas  Lhe [est researcher whoo substituled
exopenic (hovine) muriatic acid  demineralized  bone
matrix for a blood coagulum and  mvestigated  the
healing of skull defects in 44 normal dogs (1), One year
later, Miller used deculeihed bone chips as grafts for
hone repair (2]

Recently, some

rescarchers  used  demineralized

24

malrix for repair of bone defects (234,57 In 1957 Hay
and Holloway (3) and in 1963 Hejna and Koy (4)
reported an enhanced repair o rat skull defects filled
with demineralized matrix and showed bone growth
from the bony rim. Ray and Holloway reported the
concept of new hone formation by induction [3). Urist
(19657 was the first o conduct a serics of importan
experiments in which he was able (o demonstrate that
HOL-treated  demineralized  bone matrx (DBEM)
induced the formaton of bone (3} Reddi (1972, 1976)
psed o simple method for preparaton ol DEM and
reported early stages after amplantation of BBEM in
subcutaneous  tssue  and  demonstrated  that o the
proliferation  cells  induced by the  mplants fiest
difterentizted (o cartilage (6, 7). Scoll el al (190
epphasized  that the mairic of  endochondral bone
differs from the matrix of intramembranous bone (8]
They suid that the best grafting for cramofauial deiecs
were intramembranous demineralized bone matrx {Im
BMG allogralts (8], [n another stody, Scott e al
suggested that intramembranous bone malriy contained
nsteoinductive factars which could only mduce direct,
not endochondral, bone ossificatoin (29 In the above
mentioned kind of ossification,  bone replaced with
connective tissue proper, no cartilage intermediaie was
formed. In most of the previoos researches, [DEM and
ils derrved material used Tor induction  were
implanted in muscle or subeutancously (6.7 10 11) A
literature review revealed only o few studies about the
process and lype of cssification ty BMG i skull bone
defects (12, 13, 14% The am of this
deternune the process and type of bone assification by
using endochondral Bone mateix gelatn (e BMO ax
deseribed by Urist (57 at parietal bone.

hone

stucy wis Lo

MATERIALS AND METHODS

Preparation of Bone Matrix GelatingBMG)

Allopenic BMG was prepared  accordimg To the
methosd of Urist (5,14,15) a8 brietly described Tollow:

Twenty male 5-6 weeks-nld Sprague Dawley s
(120-1500 g hody weight) were Killed by lethal dese ol
chlaroform. Daphyseal shafts of long hones (oo 2nd
tibiay were collected and dissected Iree of muscle, hone
miareow exactly renwored and bBones were cut o chaps



Liguid mitrogen wus used to frecee the hone shafis in
this  procedure  to avoid  possible  denateration of
proteins.  The  bone's  lipel removed by
chloroformymethanal (1703, demineralized m s N HC
and  extracted  successively with solutions of 20 M
CalCly, 05 M cthylenediamine  tetra acctic acid
(EDTAY, 8.0 M LICH and water (35 degrees centigrade)
to remove suluble proteins. The bone chips using lguid
nitrogen were pulverized in a sample chamber heicho
and sieved Al the process was performed exactly in
sterile condition.

Wk

Implantation of the BMG

Thirty male 5-6 weeks old Sprague Dawley rals
wire anesthetized with an intrapenitoneasl injection of
pentabarhital scdivm (110 AbBbol Laboratories, North
Chicago, [Minos). The skin covening of parictal bones
wias shaved and dissected. Full thickness cranial defects,
S.mm in diameter, were produced with o dental bur in
parictal hone of rats, rinsed with Lactate Ringer's
solution during and afler operation for cooling and
clearing of any remained debris. In experimental groups
the defect were filled with 5 mg allogenie BMG and
codted by Surgy Cell. In contral group only sterile Surgy
Cell was used, The day of implantation s designated s
day 0 The amimals were held by standard condition.
Specimens for histologic study were harvested at davs 7,
14, 21 and 25 using a dissecling microscops,

Histologic preparation

For harvesting of specimens  the animals were
perfused through the heart Orst with cokl saline and
then with freshly prepared 4% paraformaldehyde in
sodivme  phosphate buffer (pil= 7.4). The harvesied
S[ECITILNS wWeTE repeitedly fixed n 4%
paratormaldehyde, decaleified by EDTA (pH= 7.4,
embeded in hard puratfin and sectioned at 5 micron
thickness (16). Sections at intervals of 80 micron were
stained with hematoxilin and eosin (H&E), Alvan blue,
and Alarin red 5 staining. The slides were viewed
mcroscopically and photos abtained.

RESULTS

Clinical and physical examinations

Al animals rapidly  recoverd  alter surgery  and
remained in ool health throughout the course of the
cxpermment. There was no evidence of infection or
other complication in any animal. 28 days postsurgically,
vontrol (unfilled) defects did not exhibit bone fFormation
gross anatomically, as they were sofl 10 palpation. In
vontrast, defects flled by BMOG were hard to palpation
after 14 days of aperation,
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Histologic findings

Control group: After 21 days defeens location were
filled by fibrous connective tissue (O A narrow rim
al new bone (NB) appeared around the edee of detects
necasionally. A fow new bone claoster (NI could be
seen near the host bone (Fig 1.

BMG groop: Heasling of  BMO group
characterized by endochondral ossification, At 7 days
after BMG implantation, cartilage tssoe (Car) owith
numerous  chondroblasts were
BMG particles (Fig 20,

In woldition, spectfic cartilage staining (Alean bloe)
showed the positive resulls,

On dav 14 after implantation wvpic chondrocyies
(CHOY) with their territorial cartilage matrix (Cal Car)
appearcd (Fig, 30 Also, undecalerhed paratfin sections
of Alizarin red 5 staming showed calcium deposition
(C) between BMOG particles (Figo 43, Nomerous
trabeculze speules (1) of woven primary, hone. g
highly  profifersted  red  bone  marrow (HBM] o well
developed, but no hyaline cartilage was apparent on day
21, AL day 25, typic bune trabeculae (TH), greatly active
regulated  cuboidal (], numerous
caleocvles (0], some multinecleated  osteoclasts (oo,
marrow cavity and rich red marrow cells (me) were
nhserved in BMG group (Tig. 31 BMOE partiicles were
absorbed almost entirely (Figo 6]

L

interposcd  beiween

asteablasis

DISCUSSION

Repair of bony delects in human, specally mothe
craninfacial region, repersent a major challenge for the
surgeons.  Tradionally, autopenous  cancellous  bone
from a source such as the iliac crest s considerd 1o be
the best material for bone gralung (17, 18, but this
kind of grafuing material is restricted and unavailable in
sufficient amount, and effectieeness of this pralt is often
compromized by non-union,  stress fracture and
rejection of grafts (16).

Hecently some of the reasearchers prepared bone
derived  ostecinductive  particles by vanous  methods
from bones (3, 6, 19, 200 which could induce new hone
via endochondral ocssification. Rabbe used DDBM tor
skull bone repair in rabbits (19 200 Daoglas used
DBM in horses skull (200 and  Sate used  Bone
Morphogenic Frotein (BMP) in dogs skull (22 with
different resuls,

This study was designed 1o imvestigate the effect of
B on the healing of crapial bone defect i rats, The
defect was 5S-mm in diameter and [wll thickness of the
parctil bone and the periosteom was eotirely disropred



Repair of cranial bune delects using Fo BAMG

Fig 1. Photomicrograph of control (unfilled) calvana defect ot day 21 slter aperation. A thin margin ol new hone (ME} albeled
o host hone (FIB) appeared. Also, a few new bone clusters nesr the defect margin and blood vessel which invaded to fibroygs
comnective tssue () are present. H & B staining original magnilication % 100,

A

7.

Fig 2. Phatomicrograph of BMG induced hyaline cartilage in a rat calvaria defect at day 7 alter aperation. Hyaline vart il
botween BMG particles and connective tissue (CT) is present, H&E staining. Original magnification > 100
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Fig 3. Photomicrograph of BMG induced endochondreal bone sssification oo ran calvaria deleet atday 1 afner operation,
Intrapted Caloified cartilage (Cal Cac) with late chondroovies (Che) well showed . Adoan Blue staiming. Original magnification

Figd, Fhotomcrograph ol rat calvana delect, used BMG at day 14 after operation, revealed caloium depasition (CI Alizarin
red staining. Chriginal magnification 2 1040
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Bepair of crandal bane defects using Fe By

Fig 5 Photomicrograph of pew hone Jormaton oo il cabarn detect an dos 21 alter speratmnt, vy Mome tralscule spe il o
e o e CTE Y moost osteoovte (o aml well-developed one magrow (3 pahich calilan sapacent o fos) b 8 L sk
shatmng, Croginadl magnidication 2 1HHI

Fig b, Fhotomicragraph of new bone formation in ol calvacia defect al day 25 alter operation. Note imbeeuloae bone TR with
lacunated vsleseyle (o], active asteoblasts (ab), many asteeclasts (o) ighly proliferated bone mareew and nemerouns
menonuclear cells (me) H&E saining, Orginal magmification =800
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amd mot replaced. The BMG could indace new hone
[ormation in multi-step cascade {23, 243 The Tormation
al new hone began with chemaotaxis of asteoprogenor
cells and their atachment 1o BMG (24, This process s
followed by prolileration and differentmien of atached
cell o chondroblost (233 Booe begins 1o form when
the  curlilaginous  matriy undergoes salolcation,
replacement by osteoid and substitution by osieoblisis
Appromimately inomest studies, new Bome [ormation in
the mmplunls was woven hone, althewgh small amount
al lamellar bone was present (253) There are muny
rossihle for  this  eovent, muluding  1he
characteristic of  host mesenchyimal o cell alogy,
differences in mechanical stress on pradted tssue (200,
and architeciure variation of mplanied materials (200
Reddi el oal reported the large amount of cartilige,
which Tormed in the center of mmplans by day 5 ar
after wmplantation. They also emphasized  That at this
slage, the venter of implant bad not yel vascelarized
(3} Capillary ingrowth on day 908 follesved Ty start of
bone formation on day 10 (3% Results of our study
wiere agreeible with Iindings of Reddi et oal (26) wod
Hosiy (273 whe reported hone Tormation intramuscular
and in parictal hong delects By manner of endochendral
alier 7 [hoglas el al alse reparted
infrumembranous essification wsing Be BMG, They
shovwed  imitmtion of hope focmation 3 owecks alter
BMG  implauation only inoone ocase (210 These
findings probubly resulted from insufficient capability of
DBM particles hecause of ek of miducer component
for wmy reason. We believed that BMPs component ol
BAG particles had a prinopal role m direction ol
cssiticiton.

In the
chrdochondral

LRI NE

s,

study, 7

pasification in

[resent days alter operation,
parietal  delect
clserved, This cartilige lssue Jocated berween BMO
purticles which  indicated  that the  differentiation of
mcsenchynial cells was dependent on BMP comipoerents
of BMG. It can be a reason for goidance of BMO
component o dillerentiation procecdings ol
mesenchymal cells. 1n this line, only Daoglas et al
reported intramembranous essification using He 1DHM
(21} Douglas also said that the mitiation of bone
formation began 3 weeks after Bo DEM implantation
only in one animal. A lack or oweskness of BMP
component of DBM could capse 1his finding Using Bc
DBM individually or in -:nlnl[‘-mutu:ur; with Im DDBM,
Hakhi et al (12, 13) reported endochondral ossification.
Also, lteddi 28y believed  that BMPs  enclosed
chandrogenic proteins, Our confidence established on
the point that Im BMG only couold stimulate chemataxis

Wik

of  mesenchymal  cells and  differentiation of
mesenchymal  cells o chondrooyte enrolled . by

endochondral BMG components.
Specific staining of cartilage (Alcian Bloe) at
aller  implantation  revealed  hyperirophic

14th

EVY and

At Medica Tesnica, Yol 3% Sa 1 12000

caletled  chondroeytes ar umplants regen. e

Alizarin red % stwming. The

Lrs support our resohs (1L

ceeurrence conlirmed by
I3 TNy v

137, The resules of

ws l

hewglas (21) are mocontrary ank
aur frdings, The diffurent peesins may e oselated o
method of B premeration and et of BMG

component or annmal medels,

Taenty-one  duys afler eperation, the nomerous
ahiy
profiferated red bone marrow well developed. Foally
tvpic bone rabeculae with reguloted cubomdal vsteollast
some muinneckeaned I HIT RS

civity und rich marrow cells appeared at day 2% afier

trabeculoy spncules, carly adull osteocvies ol n

cells. catonehist cells,
aperation, which muicated good bone repar. Hlesny ¢l
al (233 reported same results alter 72 days by DEM
and Ralhi et oal (12, 130 29 wsed DBEM Lor panictal
defects wnd siudied the specnmens o [dih iy vt
ebal fLed reported endochondril
ossivation in tharoiel carilby
DEM  implantation, Conlus
catihilished on an endochimdral oss)
wummpoenent of BC MO

operation. Also, Peng

codeteots 28 diys alle
i this — studdy
srien by BMP

ool
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