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Collagen membranes are_proven barrier methods, used in guided tissular bone regeneration. We have implanted cubic molds

of collagen membrane stuffed with demineralized bone in the area of the superficial epigastric artery of the rat. In this expe-
rimental study what we are trying to find out is if these membranes will allow the heterotopic osteoinduction of the demine-
ralized bone contained in the molds made out of said membranes. These collagen molds would be able to maintain the desi-
red shape and the barrier effect of the membrane could prevent the undesired cellular migration from the surrounding tissues.
We have observed that the collagen membranes allow osteoinduction in the interior of the mold, although in a delayed way

and that they maintain their shape in the osteoinducted bone obtained.

INTRODUCTION

In recent years great progress has been made in the search
for alternatives for bone reconstruction, including the genera-
tion of bone matrix, the obtaining of osteogenic cells and the
manufacturing of artificial materials similar to bone and that
can stimulate the formation of the same. The demineralized
bone matrix and the different osseous morphogenetic pro-
teins are part of this line of research.

The use of demineralized bone matrix was considered
appropriate primarily for craneomaxilofacial reconstruction
[4] and, since then, many studies have been carried out to
investigate its bone inductive properties [17,8].

Zellin and coworkers developed the theory of osteopro-
motion as an aid in the cu\e and regeneration of bone [10, 19].
This theory implies that to promote bone cure and bone neo-
genesis, the compartment that has to be filled should be sea-
led by physical means, thus preventing any interference with
osteogenesis from the surrounding soft tissue cells.

Barrier membranes were first tested in the 1950¥%s and
the early part of the 1960's for the cure of bone defects in
orthopedic applications {7] and later they were also used in
oral surgery.

The aim of this study is to evaluate the influence of the
barrier efect of collagen membranes in the heterotopic oste-
oinductive process. To that end, we will implant the mold stuf-
fed with demineralized bone in the area irrigated by the
superficial epigastric artery of the rat. Our hypothesis is that
after a period of time the implant of demineralized bone will
have turned into living bone its vascularization being depen-
dent on the surrounding tissues.

MATERIAL AND METHOD

A total of twenty adult Wistar rats were used in this study.
All the animals were implanted with a mold of collagen mem-
brane fillled with demineralized bone.

The molds were made under sterile conditions with mem-
branes of reabsorbable BioMendTM collagen (Sulzer Calcitek,
Carlsbad, CA 92008 USA). The membranes were cut to form
cubic structures of 4 x 4 x 2 mm, with one of the 4x2 mm faces
missing.

The moids were filled with demineralized bone powder
(particle size of between 72-420 um). This bone was obtained
from the femur and tibia of donor rats.
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The area chosen for the implant was the tributary of the
superficial epigastric vessels.

Two groups of animals were considered, each of them com-
posed of ten rats. They were put to sleep for data collection pur-
poses at 40 days (group G-1) and at 80 days (group G-2).

The implants were subjected to histological analysis under
the following headings:

1. Persistence of the collagen membrane
2. Cellularity

3. Presence of osteoid material

4. Existence of bone marrow

5. Quantity of blood vessels.

For the study, the molds were divided in three areas: S
(upper), C (central) and | (area nearest to the mold face wit-
hout collagen membrane).

RESULTS

The collagen membrane was identified as a series of supe-
rimposed and intertwined fibres that surrounded the implant.

In all the examples of the G-1 group the histological per-
sistence of the collagen membrane was observed, although
with different degrees of reabsorption (Fig. 1). In the G-2
group, in 19 cases the membrane had totally disappeared, the
only sign of its presence being an inflammatory cellular reac-
tion in its place. The disappearance of the collagen membrane
was not accompanied by any loss in the configuration of the
implant.

The cells existing among the particles of demineralized
bone were characterized by their fusiform morphology, simi-
lar to that of fibroblasts.

A certain prevalence of the cellularity was observed in the
area of the face of the mold without any membrane. In the G-
2 group the cells were more abundant, a little more rounded,
with a more circular nucleus and basophil, with a direct evolu-
tion towards osteocytes. It is for this reason that we consider
these cells as precursors of osseous tissue (Fig. 2).

Figure 1.- Persistence of the collagen membrane in G-1 group,
whit a high reabsortion degree (arrow). Hematoxilin-eosin x100
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Figure 2.- In G-2 group the cellis have a little more rounded
morphology and a nuclei more basophil and rounded.
Hematoxilin-eosin x100

Figure 3.- The osteoide, of fibrilar characteristics, is situated in
the space among the particles of demineralized bone (arrows).
Hematoxilin-eosin x100.

The osteoid material is young osseous tissue before caicifi-
cation, with fibrilar characteristics and situated in the spaces
among the particles of demineralized bone (Fig. 3). It was
most abundant in the G-2 group having a greater density in its
intertwining and sometimes it was difficult to differentiate it
from the particles of demineralized bone proper, with which it
is intimately joined.

Bone marrow was observed in 65% of the cases of group
G-1 and in 100% of group G-2. This difference is very signifi-
cant statistically, with p=0.00416. Besides, the area occupied
by the foci of hematopoietic tissue was bigger in the molds of
the G-2 group.

The foci of hematopoietic tissue were located more fre-
quently in areas C and | in both groups, springing up both in
the interior of a particle of demineralized bone as well as in
osteoid tissue. These foci expand centrifugally. As expansion
takes place, the center empties of fundamental substance and
filles in with spongy tissue (Fig. 4). Only in some cross sections
could isolated chondrocytes be observed.
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Figure 4.-

The foci of hemato-
poietic tissue is expan-
ded centrifugalment.
As the expansidn takes
place, the center emp-
ties and being filled in
with a fat tissue.
Hematoxilin-eosin x100
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Bone trabeculae were not evident either in the newly for-
med osseous tissue.

In both groups the presence of the formation of new ves-
sels was observed, with a progressive increase of the same the
closer we get to the area lacking the collagen membrane.
When comparing both groups a greater vascular presence was
appreciated in the implants corresponding to group G-1.

DISCUSSION

Given the use of osteoinductive factors without arquitec-
tural limit in the substratum it would be difficult to obtain a
piece of bone with the exact three-dimensional size necessary
for the reconstruction of complex bone defects.

This is why it is essential to look for a way of containing
the osteoinductive compounds.

In recent years various ways of containing said compunds
have been tried, such as titaniun [14], polyethylene [12], or
hydroxyapatite [13] .We have used molds made with collagen
membrane,

Collagen membranes as a barrier system allow a guided
regeneration of tissue[10], its main advantage compared to
other types of membranes being the fact that they are reab-
sorbable, thus avoiding the need for removal[20], which
means we do not alter the vastularizacién dependent on adja-
cent tissues. In addition, they offer excellent biocompatibility
[3,1], with colonization in the process of degradation by cells
of connective tissue, which suggests that they can be incorpo-
rated in curative connective tissue and be replaced by new
collagen [15].

Regarding the infiuence of the inflammatory and foreign
body reaction to the membrane in the osteogenetic process, in
our experimental study, this reaction practically does not exist.
The membrane was replaced by connective tissue and bone
formation took place and seems stable.

The barriers used for orthotopic guided osseous tissue
regeneration do not need to remain intact for more than
seventy days after insertion [5]. In spite of that, at present
slow reabsorption membranes are still being investigated to
clarify whether the delay in the reabsorption process is advan-
tageous [1].

EFFECT OF COLLAGEN MEMBRANES AS A BARRIQR METHOD ON HETEROTOPIC BONE INDUCTION..

In our study, the collagen membranes chosen have kept the
medium isolated for the time necessary as well as keeping the
desired shape. In our study, the demineralized (not yet living)
bone implanted does not present a remarkable reabsorption
rate either at 40 or 80 days, possibly due to the barrier effect of
the collagen membrane. Some authors [2] have already noted
the beneficial effects of barrier membranes on bone reabsorp-
tion when they are used to cover and isolate bone autografts
from the surrounding soft tissues , protecting the former from
reabsorption during the recovery period.

Our data are similar to the findings of Kusumoto [17,1],
who reported a combination of cancellous and lamellar bone,
which would mean ossification of a membranous type had
taken place.

In the whole process of osteoinduction, the vascularizacién
of the implant of demineralized bone is a very important factor
[16] and the incorporation of the material implanted into the
surrounding normal tissue depends a lot on the capacity of the
new vessels to invade it. Is probable that the invasion of the
blood vessels and the components associated with the basal
membrane including the type IV collagen, attract the morpho-
genetic proteins and the members of the TGF-fl superfamily and
perhaps orients them towards an optimum conformation for
the localised inititation of bone differentiation. The blood stem
cells and the endothelial cells synthesize a variety of growth fac-
tors that play a role in the phenotypical expression of osteo-
blasts [11]. In addition, the cells of the vascular neighborhood
are potential sources of osteoprogenitor cells [18].

In our study the quantity of vessels decreases notably at 80
days compared to at 40 days, perhaps because of a greater
osteoid density or perhaps because of the already generalized
appearance of marrow bone one, whose characteristically
high level of vascularizacién can make up for the functions
previously carried out by the vessels situated among the parti-
cles of demineralized bone.

It has been confirmed in the majority of publications that
this bone marrow formation already exists two weeks after
the implant [6]. In our study cancellous bone was observed in
100% of cases at 80 days, whereas at 40 days it was present in
only 60%. We have to suppose that the barrier effect of the
membrane delays the whole process again. The blood marrow
present is very rich in fatty tissue and seems to advance centri-
fugally, so that it is to be expected that if more time elapsed
we would have the same findings as Hagen [6], who at 40
weeks after subcutaneous implantation of demineralized
bone matrix describes how the implant consists of new bone
with particles of remineralized bone incorporated and large
spaces of cancellous bone.

Hagen [6] blames the lack of remineralization of the most
peripheral part on the dissolution of the ostecinductive fac-
tors in the surrounding tissue. In our case this would not be
the reason or if it were, it it would be very mitigated, since up
to a certain point the membrane would prevent this diffusion.
In addition, we have observed that the hematopoietic tissue t
as it begins to form is located more frequently in the area of
the face with no collagen membrane, which would be where
a lesser concentration of factors would exist in the event of
diffusion of the same taking place.

The prevalence of fat in the hematopoietic tissue could be
related to the place of implantation and to the functional and
mechanical demand to which the implants are submitted. The




lack of mechanical forces would lead to to the rapid conver-
sion of the bone into ossicles consisting of marrow tissue
surrounded by a thin layer of bone. This would explain equally
well the absence of bone trabeculae in the implanted material

CONCLUSIONS

1. Collagen membrane as a barrier element preventing
the passage of surrounding cells is a biocompatibie and bio-
degradable material, with which molds can be obtained easily.

2. Heterotopic osteoinduction from powdered deminerali-
zed bone matrix is maintained in the interior of the collagen
mold in spite of the barrier effect with the passage of stem
cells probably taking place through the face of the mold with
no membrane.

3. The process of membrane degradation allows for vascu-
lar nutrition of the implant from the surrounding tissues.

4. Osteoinduction is initiated in the area in contact with
the medium, with formation of bone marrow very rich in fat.
Trabecular arrangement of the bone was not observed.

5. Apparently all the phases of heterotopic osteoinduction
are delayed, because of the barrier effect of the coliagen
membrane.
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