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Abstract
A rabbit experimental mandibular defect was recon-
structed with 1% atelocollagen gel including rhBMP-2
10µg and a covering a poly (lactic-co-glycolic acid)
copolymer (PLGA) membrane. For this experiment,
eight male rabbits were used and a histological study
was conducted. Our study purpose was to examine the
effects and fate of PLGA membrane during bone re-
construction. PLGA membrane was phagocytized by
foreign body giant cells and macrophages in the heal-
ing course of reconstruction osteogenesis. These his-
tological data suggest that the PLGA membrane was
gradually absorbed and replaced by fibrous connective
tissue or bone tissue. In the osteogenesis course, the
outer periphery of the new bone was maintained by
PLGA membrane without expansion.

Key words: tissue reaction; poly (lactic-co-glycolic acid)
copolymer membrane; rhBMP-2; atelocollagen gel;
bone reconstruction; rabbit 

INTRODUCTION

We have previous conducted a series of research stud-
ies on rabbit mandibular with the application of 1%
atelocollagen gel (ACG) including recombinant human
bone morphologic protein-2 (rhBMP-2) and covering
poly (lactic-co-glycolic acid) copolymer (PLGA) mem-
brane. In these studies, bone processes were observed
by µCT. Using µCT data, 3D images were obtained[1].

The data from that earlier study suggested that the
atelocollagen gel is effective as a carrier of rhBMP-2.
Furthermore, it indicated that PLGA membrane was
very effective for maintaining bone morphology, since
bone defects were completely covered by the mem-
brane even though fluid gel was utilized in the defect
areas.

The purpose of present examination is to examine
the fate of the PLGA membrane during bone recon-
struction in the bone defect through histopathological
observation. 

MATERIALS AND METHODS

The materials and methods were detailed in our previ-
ous paper. To summarize briefly, using eight Japanese
male white rabbits (JW/CSK, Japan SLC Inc, Hama-
matsu, Japan) under anesthetized condition with intra-
venous injection of sodium pentobarbital, a bone de-
fect (4 x 6 mm) was made in the mandibular inferior
border and was filled with 1% atelocollagen gel (ACG)
including rhBMP-2 10µg (Astellas Pharma Inc, Tokyo,
Japan). The region was covered with a PLGA mem-
brane to fit with the contour of the mandible (Fig. 1).

For histological observations, the animals were
killed at various times ranging from 5 to 28 days, and
tissue reactions to the PLGA membrane were exam-
ined with histological method. Immediately after the
animals were killed, the regions were removed and
prepared as follows. The specimens were fixed in neu-
tral buffered formalin solution. The specimens were
demineralized with 10% EDTA after fixation and em-
bedded in paraffin sections, and were then cut at 5µm
and stained with hematoxylin-eosin. 

RESULTS

Regarding the histological findings of the osteogene-
sis, mesenchymal cells, including osteogenic progeni-
tor cells, proliferation and immature bone formation
occurred from bone marrow in the mandibular bone
defect at day 7 (Fig. 2). At day 14, the newly formed
trabecular bone gradually increased in the defect area.
Finally mature bone gradually increased and filled in at
day 28. 

Concerning tissue reaction to the PLGA mem-
brane, numerous small round cells were observed
around the PLGA membrane at day 7. The membrane
was already invaded by granulation tissue, which main-
ly contained in macrophages and small number of for-
eign body giant cells, at day 14. Cell density of fibrob-
lasts and macrophages in the PLGA membrane in-
creased with the passage of time (Fig. 3 ). These infil-
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trating cells were only confined inside the PLGA
membrane, and there was no influence on the connec-
tive tissue around the membrane. PLGA membrane
was locally transformed to the granulation tissue, and
PLGA material was phagocytized by foreign body gi-
ant cells and macrophages in the granulation tissue
(Fig. 4). At day 28, the entire area of PLGA membrane
was replaced by granulation tissues. At this stage, new

tenuis and feeble bone formation was recognized out-
side of the membrane (Fig. 5). 

DISCUSSION

Numerous studies of bone reconstruction utilizing
BMP, autogenic particulate cancellous bone and mar-
row and hydroxyapatite at the bone defect area and
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Fig. 1. Schematic illustration of correct ex-
periment.

Fig. 2. PLGA membrane was already invaded by foreign body granulomas, which mainly contained in the macrophages. (7-days
specimen, x 20).

Fig. 3. Cell density of fibroblasts and macrophages in the PLGA membrane increased over time. (14-days specimen, x20).

Fig. 4. PLGA materials were phagocytized by giant cells. (28-days specimen, x 40).

Fig. 5. The new bone was formed on the outer layer of the PLGA. (28-days specimen, x 80).
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which effectiveness have been reported [1-6]. Further-
more, PLGA [1], bioabsorbable poly (L-lactic acid)
mesh tray [2] and titanium mesh plate [5] for bone
transplantation, and the artificial materials in the bone
defect area for the bone reconstruction, are effective
in maintaining reconstruction of the bone morpholo-
gy. In general, there have been many papers published
about the effectiveness of the absorbable membrane,
and fate of the absorbable membrane during bone for-
mation in bone defects.

In the healing process of bone defects, periosteum
supplies the osteoprogenitor cells which are essential
for the bone formation, but also it has a certain role in
preventing fibroblastic invasions from the outside to
the defective part [7]. Guided bone regeneration
(GBR) has been clinically applied in the field of peri-
odontal surgery, and it provides an artificial membrane
instead of actual periosteum [7, 8] . This artificial
membrane prevents invasion of fibrous connective tis-
sue origin cells into the bone defect from outer area by
placing a cell interception membrane on the surface of
the alveolar bone defect. Regarding the absorbable
material, PLGA is widely available for clinical applica-
tion. In our previous report [1], new bone formation
did not expand outside the membrane because the
PLGA membrane was replaced with new bone. There-
fore, PLGA application for these bone recovery cases
is effective for maintaining bone morphology, similar
to the GBR method in periodontal surgery. However,
there are few histological studies which have observed
the fate of the absorbable membrane during bone for-
mation in the bone defects.

PLGA, which we used in this examination, does not
affect the tissue, and is classified as an absorbable ma-
terial. Therefore, we examined the fate of PLGA
membrane in the BMP used in bone recovery experi-
ments. From the viewpoint of histopathology, we
found no histopathological changes, degeneration on
necrosis in the surrounding tissue at the material.
Based on these results, we believe PLGA could be
used safely as a bio-absorbable material. Tissue reac-
tion to the material was as follows. The membrane was
already invaded by granulation tissue 7 days after oper-
ation. This phenomenon shows that the PLGA mater-
ial was phagocytosed and gradually disappeared by the
passage of time. In general, materials from the external
environment are taken up through a process generical-
ly called endocytosis; up-take of larger particulate or
phagocytosis-difficult matters is treated by phagocyto-
sis. Endocytosed vacuoles and their contents eventual-
ly fuse with a lysosome, resulting in degradation of the
engulfed material, while heterophagy is comparatively
conspicuous in the phagocytes, such as macrophages.
In case of difficult material for phagocytosis, multinu-
cleated giant cell appear. These histopathological find-
ings suggest that the appearance of foreign body giant
cells means the PLGA material is difficult for phago-
cytosis. 

At the end of this experiment, 28 days after opera-
tion, there were not completely organized by fibrous
tissue. The region was occupied by foreign body gran-
ulation tissue, including many giant cells, although
PLGA was gradually phagocytosed and finally disap-
peared with the osteogenesis course. Our present ex-
amination results showed that the PLGA material
stayed in comparatively long period; becomes organi-
zation of replaced granulation tissue still not complet-
ed.
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