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ABSTRACT - The osteogenesisinduction by demineralized bone matrix graftsremainsasachallenge
inthereconstructions of the mandible through homol ogous and xenograftsor inimplantsin abdominal
muscle. Pur pose: Observed the behaviour of implants of demineralized bone matrix at the mandible
(right side with homologous graft and left side with xenograft of pig). Methods: Experimental
study with homologous and heterologous implants of demineralized bone matrix at the mandible
and in ectopic muscle at the Center of Experimental Surgery of Heliopolis Hospital, Hosphel, Sdo
Paulo, Brazil. In 6 white New Zeland rabbits, 46 grafts were performed being 23 with homologous
(rabbit) and 23 with xenograft (pig). 12 homologous implants (6 at the right side of the mandible
and 6 at abdominal muscle of the rabbit) and 12 heterologous implants of pigs (6 at the left side of
the mandible and 6 at abdominal muscle rabhit) were performed with demineralized bone matrix.
Results: Osteogenesis was assessed through histologic features after 30 and 60 days. After 1
rabbit dead, osteogenesis (mandible) were detected in 9 of 11 (82%) rabbitsthat received homologous
matrix, in spite of heterologous implants showed osteogenesisin 6 out of 11 (54%) (p=0,18). The
abdominal muscle showed induced osteogenesisin 3 out of 11(27%) animals with homologous and
0% with heterologousimplants (p=0,10). Conclusions: Osteogenesi sinduction through homol ogous

grafts in rabbit mandible and abdominal muscle were more effective than xenografts.
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Introduction

The segmental resectionisroutinefor primary and
metastics tumors of the mandible. The reconstructive
options are very limited due to the large amount of
soft tissuesresected which may lead to serious damage
tolocal vascularization. Therepair of jaw defectsusing
demineralized bone matrix grafts may overcome such
inconveniences, as the reorganization of the bone is
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done by alteration of the phenotypic expression of the
fibroblasts at the place were it was implanted and,
theoretically, independent of local vascularization. In
repair and neoformation by auto-induction of bone
tissue, the degradation products of the dead matrix
stimulate the growth of the inflammatory cells of the
connective tissue and histiocytes. This process of
neosteogenesis by auto-induction is conducted by cells
derived from the host bed tissue, and the induced cell
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isafixed histiocyte or ayoung cell of the perivascular
connective tissue. This differentiation of osteo-
progenitor cellsiscaused by local aterationsin cellular
metabolic cycles that had not been known up to now.*
Osteogenesis in experimental study was observed
(1931) also in places other than the bone tissue, as it
has been described that demonstrated i ntra-membranous
ossification in the muscular fascia of guinea pigs after
urinary tract epithelium grafting. Afterwards (1970),
demineralized bone matrix was used in mice muscles,
inducing bone formation.?

Theaim of thiswork isto eval uate the competence
of homologous and heterologous demineralized bone
matrix grafts in stimulating osteogenesis by means of
osteo-induction in the jaw and, ectopicaly, in rabbits
abdominal muscle.

M ethods

Twelve healthy albino rabbits of the New Zealand
breed, males, weighing from2,6 to 3,0 kilograms, an
average age of six monthswere selected in two groups,
chosen at random: the first group were sacrified on
the 30" post-operative day, and the second group on
the 60" post-operative day, humbered from one to
twelve following the sequence surgery submission.

The preparation of the bone matrix graft followed
the technique described by Huggins & cols.,> and two
types of grafts were prepared: homologous
demineralized from the rabbit jaw aso of the New
Zedland breed, and xenograft demineralized bone of
pig’'sjaw. The bone tissue donor animals were sacrified
mechanically without using any chemical process, with
immediate removal, or within 8 hours, of the donor
bone. In the rabbit the mandible was resected and in
the pig, a bony section of 8 cm, free of soft tissues
were washed with cold water and fragmented into
smaller particles. The bone pieces were kept in a
temperature of —4° C, and the demineralized was got
by immersion in hydrochloric acid 0.6M until they
became softened and tranglucent, the time ranged from
24 t0 50 hours, depending on the size of the fragment
and its bone density. The acid was changed every 24
hours and, after demineralization, the implants were
washed with asterile 0.9% serum sol ution for removing
the acid, neutralizing the pH, and stored completely
immersed in acohol at 70%, at room temperature for
the maximum period of 21 days. Immediately before
the implants location were washed with a sterile 0.9%
serum solution for removing the alcohol. The
sterilization process of the material to be grafted was
obtained chemically by the immersion in hydrochloric
acid 0.6M for at least 24 hours. In the surgical

procedures, the animals were sedated with variable
doses, depending on weight (0,5ml /kg on an average),
of Acepran [ 1% (Acepromazina) intramuscularly and
anesthetic induction with 1 ml to 2 ml of intravenous
Thiopental U (tiopental) depending on sensitivity.

Theanimal wasimmobilized on an operating table
and a careful cleaning of the right and left sub-
mandibular regions, as well as the abdominal region
was performed with polyvinyl iodine pirrolidona 1%.
Then the mandible was exposed through a right sub-
mandibular incision of 1.5 cm in extent, and
musculature divulsion up to the inferior edge of the
bone and its angle were exposed, creating abony defect
by the removal of a segment 0.7cm in extent by 0.7cm
height without interruption of mandibular integrity. The
mandible defect was filled with the xenograft of a
heterologous demineralized bone fragment of the same
size fixed by mechanical impactation and recovered
with masseter muscle and neighboring soft tissues. The
operating wound was closed with mono-nylon (MN)5-
0 and continuous suture of the skin. The same
technique was repeated for the left side followed by a
homol ogous demineralized bony matrix graft.

In the abdominal procedure, after asepsis and
antisa 1cm incision was made in the skin, divulsion up
to the abdomina musculature and a0.5 X 0.5 X 0.5cm
block of xenograft demineralized bone matrix was
implanted ontheright sidefollowed by suturein muscle
with MN 5-0. By same procedure, a homologous
decalcified bone of matrix block was implanted on the
left side.

With regard to posoperative period the animals
received prophylactic antibiotic with 2,5 ml of Cefalotin
Sodic of 1g, soluble, intramuscularly, immediately after
surgery, and analgesic with Dipironain drinking water
for three days, with feeding restrictions.

The animals were randomly sacrified , at time
intervals of 30 and 60 days, with a lethal dose of intra
peritoneal and intra cardiac thiopental. As soon as the
death of each animal wasverified, anincision was made
to expose the operated places and location of the bone
matrix of the left and right sides. The material was
removed and immediately immersed in a 10% formol
solution, and the blocks for histological analysis were
identified with letters and numbers in the following
manner:

CM: removed from the homologous bone matrix
graft (rabbit bone) done on theleft side of the mandible.
PM: removed from the xenograft bone matrix graft
(pig bone) doneon theright sideof mandible.

CA: removed from the homologous bone matrix
graft (rabbit bone) done in the abdominal musculature
on the left side.
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PA: removed from the xenograft bone matrix graft
(pig bone) done in the abdomina musculature on the
right side.

Theneachblock, for histological evaluation received
anumber and two letters, aswell asahistological dide.

Results

It happened one post operative death due to
probable stress after 12 hours. Within the post-operative
period the animals light erythemas and edemas around
the surgical wound. No secretions, dehiscence or
infection was observed in any animals. Lack of appetite
occurredinthefirst threedays, controlled with analgesics
and feeding based on honey and shredded carrot diluted
in 20 ml water for hydration every two hours.

Macroscopically, it was observed if the reparation
process had been occurred, if the implant was mobile
or had integrated with the host bone or not. If had
happened correction of the defect with an increase of
bone tissue at the site of surgery, it was reported as
an overlapping. In the cases where the defect was till
present or the graft was mobile, not integrated to the
host bone, non-repair was reported (onein 30 and 3in
60 days).

In the cases in which there was macroscopic
repair, normal host bone tissue, demineralized matrix
with few cells, the presence of young, non mineralized
bone matrix, and a large quantity of osteoblasts were
histologically observed. These findings charecterized
aperiostoi d neocangiogenesiswith anintra-membranous
ossification pattern. (Figures 1 and 2).

FIGURE 1 - Osteogenesis, osteoid matrix, with bone bridgesnon
mineralized (HE) 160XA0.

With regard to the macroscopic results of the
homologousimplantsin thejaw, we observed reparation
in 3 of the 11 animals (27%) and in 5 an overlapping,
(45%), was reported. With regard to the histological
results of the homologous jaw graft, osteogenesis
induction was observed in 9/11 (82%). Macracopically
the xenografts implantsin the jaw presented reparation

FIGURE 2 - Osteogenisis, osteoid matrix, with bone bridges non
mineralized, within muscletissuewith inflamatory reaction (HE)
160XAO0 — 30 days.

in 4/11 (36%) individuals. In the homol ogous implants
in abdominal muscle, it was observed a hardened
consistency in 5 of the 11 cases (45%).

In the xenografts in the jaw, there was

osteogenesis in 54% (6/11). Reabsorption occurred in
9% (1/11) and sequestrum in 36% (4/11). (Table 1)

TABLE 1 —Histological results of homologous and heterologous mandibular implant of rabbit and pig.

Days CM PM60 CM30 PM30 Total = CM PM
60 n(%) n(%) n(%) n(%)

Osteogenesis 6/6 (100%) 3/6 (50%) 3/5 ( 60%) 3/5(60%) 9/11 (82%) 6/11 (54%)
Reabsorption 0/6 ( 0%) 16 (17%) 2/5 ( 40%) 0/5 (0%) 2/11 (18%) 111 (9%)
of Bone Matrix

Sequestrum 0/6 ( 0%) 2/6(33%) 0/5 ( 0%) 2/5(4%) 0/11 (0%) 4/11 (36%)
of Bone Matrix

P=0.18
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With regard to the homologous and heterologous
grafts of the abdomen, we observed osteogenesis of
27% in the homologous and 0% in the heterologous,
sequestrum of 9% in the homologous and 82% in the

heterologous, fibrosis and hyalinization of 54% in the
homologous and 18%in the heterologous, mixoid tissue
of 9% and 0%, respectively (Table 2).

TABLE 2 — Histological results of homologous and heterol ogous implants in abdomina muscle.

Days CA PA 30 n(%) PA CA PA
60 n(%) Total=60+30

Osteogenesis 0/6 ( 0%) 0/6 (0%) 3/5 ( 60%) 0/5 (0%) 3/11 ( 27%) 0/11 (0%)
Sequestrum 0/6 ( 0%) 6/6 (1 0%) 1/5 ( 20%) 3/5 (60%) V11 ( 9%) 9/11(82%)
of Bone Matrix
Fibrosis and 5/6 ( 83%) 1/6 (17%) 15 ( 20%) 1/5(20%) 6/11 ( 54%) 2/11(18%)
Hyalinization
Mixoid Tissue  0/6 ( 0%) 0/6(0%) 1/5 ( 20%) 0/5 (0%) 111 ( 9%) 0/11(0%)
* P=0.10
Discussion We did not observe endocondral ossification in

Demineralized bone matrix grafts, considered
immunologically inert caninduce osteogenesisand bone
repair by tissue regeneration. Through the better
knowledge of the osteo-induction mechanism, many
papers have shown good results with demineralized
bone grafts in repairing cranio-facial defects.” The
results in this study show that demineralized bone
matrix can really stimulate osteogenesis as, already
referred others authors®47891011 At the beginning of the
process, local mesenchymal cells were transformed
into condroblasts and afterwards, cartilage was
substituted by bone tissue and bone marrow with
endocondral ossification.>*3

The use of bone matrix implant still difficult to
solvethe problem of the sterilization, considereing that
conventional methods destroy the bone matrix factors
that induce osteogenesis. Sterilization™* in order to
preserve the osteogenesis inducting factors should be
made by immersion in hydrochloric acid at a
concentration of 0.6M for one hour, and washed with
70% acohol, or exposure in an ethylene oxide chamber
for 30 minutes”4. The method of demineralization by
immersion in hydrochloric acid gives the requirements
of chemical sterilization of bone grafts with the
preservation of the tissue's biological activity. No
infection was observed in the 44 surgical approaches
performed in the present study " The ectopical
osteo-induction was observed in 3 of 22 animals
(13,64%), that can be explained by the poor local
vascularization . Only 2 cases of the 44 implants
performed in the jaw or in abdomina muscle, showed
foreign body reaction, which is suggestive of the
rejection, and the two were heterologous implants,
which raises the hypothesis of an immunogenic
reaction, although thistype of graft isadmitted asbeing
inert®.

the cases of osteo-induction with demineralized bone
matrix implantation, and that suggeststhe influence of
the donor bone of its embriologicall endocondral or
intra-membranous, in spite of the controversia of this
selection of bone donor, brings advantages and
disadvantages for cranio-facial repairs,*3. Inarecent
study, the authorssay that the phenotypic differentiation
of the cells into condroblast or osteoblast, depends on
the origin of the bone from which the matrix is
prepared®. Thus a bone tissue of endocondral
ossification will stimulate a differentiation into
condroblasts forming cartilage and, on the other hand,
the bone tissue of intra-membranous ossification will
stimulate differentiation into osteoblasts and new bone
would be formed. In our histological results we
observed intra-membranous ossification in both
homologous and heterologous implants. The choice of
donor bone intra-membranous origin for preparing the
demineralized bone matrix was based on classic
papers'2151817 that report that they are prefereable for
submitting to and to the demineralization and keeping
its physical properties.

Conclusions

Demineralized bone matrix graft in ajaw defectis
the inductor of osteogenesis in rabbits, and apparently
the homologous is more effective than the
heterologous. In abdomina muscle, induction with a
homologous graft occurs, which was not evidenced in
the xenograft.
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RESUM O - A inducéo da osteogénese com matriz de enxerto 6sseo desmineralizado continua a ser
um desafio na reconstrugdo mandibular com enxerto homologo e heterélogo ou em implantes em
musculo abdominal. Obj etivo: Observar o comportamento dosimplantes desmineralizados de matriz
Ossea na mandibula (lado direito com enxerto homélogo e esquerdo com heterélogo de porco) eem
musculo abdominal. M étodos: Experimental com enxerto homdlogo e heterélogo de matriz dssea
desmineralizadanamandibulae em muscul o ectdpico no Centro de Cirurgia Experimental do Hospital
Heliopolis, Hosphel, Sdo Paulo, Brasil. 6 coelhos brancos daraga Nova Zelandia, 46 procedimentos
cirtrgicos sendo 23 com enxerto homdlogo (coelho) e 23 com heterélogo (porco). 12 implantes
homdlogos (6 no lado direito da mandibula e 6 na muscul atura abdominal) foram feitos com matriz
Ossea desmineralizada. Resultados: Osteogénese avaliada através de histologia 30 e 60 dias apés a
cirurgia. Excluido 1 coelho morto, a osteogénese mandibular foi detectada em 9/11 (82%) coelhos
que receberam matriz homdéloga e 6/11 (54%) com heterdloga (p=0,18). No misculo abdominal,
houve inducdo da osteogénese em 31/1 (27%) nos enxertos homologos e 0% nos heterdlogos
(p>0,20). Conclusdes. A indugdo da osteogénese através de implantes homologos em mandibula e
muscul atura abdominal de coelho foi mais eficiente que através dos heterdlogos.

DESCRITORES - Osteogéneses. Homdélogos. Heterdlogos. Implantes.
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