Investigation of Early Bone Formation Using
Resorbable Bioactive Glass in the Rat Mandible
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Recent advances in biomaterial technology have made alloplastic bone substitutes more predictable when used
with the proper clinical methodology in carefully selected patients. In this animal study, early bone formation
using a novel resorbable bioactive glass in the repair of surgically created bony defects in the rat mandible was
investigated. Biopsies taken from the implanted sites after 1, 2, 3, 4, 8, and 16 weeks were examined histologically
by means of standard cell-staining techniques. In addition, an electron probe microanalyzer was used to deter-
mine the presence and distribution of specific elements in samples taken after 16 weeks. Results indicated the
early stage of osteoconductive bone growth after approximately 4 weeks. After 16 weeks, electron probe micro-
analyzer scans indicated the formation of a calcium-phosphate shell formed in situ and the resorption of silica to

background levels.
(INT J ORAL MAXILLOFAC IMPLANTS 1998;13:672-676)
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Ithough autogenous bone grafts remain the most

predictable and proven method for the repair
and augmentation of oral bony defects or deficien-
cies, recent advances in biomaterials have improved
the predictability of synthetic bone substitutes.!
Hydroxyapatite, B-tricalcium phosphate, and glass
ceramics have been reported to bond directly with
bony tissue.2"> Unlike autogenous bone grafts, allo-
plasts reduce the burden on patients, since bone tis-
sue does not require harvesting from extraoral sites.
This animal study investigated the osteoconductive
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property and efficacy of a novel resorbable bioactive
amorphous glass (Biogran, Orthovita, Malvern, PA)
in repairing surgically created bony defects in the rat
mandible.

Materials and Methods

The material used in this study was Biogran, a
resorbable bioactive glass that has a nominal compo-
sition of 45% silica oxide, 24.5% calcium oxide,
24.5% sodium oxide, and 6% phosphorus oxide (per-
centage by weight), and a particulate size range of
300 to 355 um. Bony defects measuring 2.0 mm in
diameter and 1 to 1.5 mm in depth were surgically
created with a bur in the posterior mandibular region
(masseter) of 18 adult Wistar rats (8 weeks old, aver-
age weight of 200 g). The defects were irrigated with
saline solution, and bioactive glass moistened with
saline solution was grafted into the prepared sites.
The sites were covered with a resorbable membrane
(Biomend, Colla Tec, Plainsboro, NJ, or GC mem-
brane, GC Corp, Tokyo, Japan) before closure to pre-
vent epithelial downgrowth and to create space for
guided bone regeneration. The rats were divided into
six groups of three and sacrificed at intervals of 1, 2,
3, 4, 8, and 16 weeks after grafting. Biopsies taken
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Fig 1 Erosion of the granules 1 week after implantation (BG =
Biogran granule; EB = existing bone). (Hematoxylin-eosin stain;
original magnification X 100.)

Fig 3 After 3 weeks, the fissures have penetrated to the core of
the Biogran granules. Osteoprogenitor cell infiltration into these
fissures (arrow) can be observed (hematoxylin-eosin stain, origi-
nal magnification X 200).

from each of the groups were fixed with 10% forma-
lin, decalcified, and stained with hematoxylin-eosin
for histologic analysis. Additional samples taken from
the 16-week group were molded with epoxy resin,
polished, and analyzed for element composition and
distribution using an electron probe microanalyzer
(EPMA) (Shimadzu EPMA-8705L, Shimadzu Cor-
poration, Kyoto, Japan).

Results

Examination of biopsies taken from the grafted site
after 1 week showed erosion of the sharp edges of
the resorbable glass granules. This initial transforma-
tion has been reported to be the result of an ionic
exchange dissolution process that transforms the
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Fig 2 After 2 weeks, fissures (arrow) can be observed in some
particles. Existing bone (EB) tissue can be seen at the bottom of
the micrograph (hematoxylin-eosin stain, original magnification
X 200).

Fig 4 After 4 weeks, the core of the granule has been exca-
vated, and osteoid formation can be seen (arrows) (NB = new
bone). (Hematoxylin-eosin stain; original magnification X 200.)

amorphous crystalline structure of the granules into a
silica-rich gel.%” Osteoprogenitor cells permeating
the intergranular spaces were also observed (Fig 1).
Further erosion of the granules and the appearance
of fissures, believed to be associated with mechanical
shrinkage, were observed after 2 weeks. Infiltration
of osteoprogenitor cells into these fissures was con-
firmed (Fig 2). After 3 weeks, the fissures had com-
pletely penetrated to the cores of many of the gran-
ules. Progressive osteoprogenitor cell invasion into
these intragranular spaces was observed (Fig 3).
Excavation of the granule core by phagocytosis and
early osteoid formation within the excavated cham-
bers, as well as on the perimeter of the granules,
were observed after 4 weeks (Fig 4). At 8 weeks after
grafting, further phagocytic excavation of the gran-
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Fig5 After 8 weeks, further calcification of the excavated core
and new bone tissue deposition on the outer surface can be
observed (hematoxylin-eosin stain, original magnification X
200).

ules with osteoprogenitor cell invasion into these
spaces was observed. Staining revealed the formation
of new bone tissue within the excavated chambers.
New bone tissue encapsulating the resorbable bioac-
tive glass granule was clearly evident. The presence
of osteocytes within the new bone tissue was also
confirmed (Fig 5). By 16 weeks after implantation,
bone tissue encapsulating many of the granules was
evident. The occurrence of further osteoid deposition
and new bone growth was observed inside the exca-
vated chambers (Fig 6). The results of EPMA scans
on biopsies taken after 16 weeks confirmed the pres-
ence of a calcium-phosphate shell formed in situ. Sil-
ica was reduced to near background levels, confirm-
ing the completion of the primary resorptive phase
(Figs 7 to 10).

Discussion

The consistent bioactivity of Biogran is largely the
result of the uniformity of granules within a narrow
size range (300 to 355 um). It has been shown that
when particle size is less than 200 um, resorption
occurs too rapidly and may cause inflammation.5”
Conversely, when particle size is greater than 400
um, particles remain unreacted and are not resorbed,
thus impeding the formation of new bone tissue
throughout the particle-bone matrix.57 The critical
size range of 300 to 355 pum is thus a very important
biologic factor.5-8

When Biogran is implanted into the body, the
granules are transformed by an ion exchange process
that instigates network dissolution.®7 Initially, a silica-
rich gel layer is formed, upon which an in situ cal-
cium phosphate layer is gradually precipitated, until
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Fig 6 After 16 weeks, further bone growth can be observed
inside the granules and also extending well into the surround-
ing intergranular spaces (hematoxylin-eosin stain, original mag-
nification X 200).

the entire granule has reacted.5” After approximately
2 weeks in the body, fissures appear in particles,
which then enable phagocytic action to excavate the
silica-gel core. It has been postulated that osteopro-
genitor cells then enter these cracks and differentiate
into osteoblasts within the protected space of the
excavated particles.b Finally, although the silica gel
in the core is eventually resorbed, the outer biologic
calcium phosphate layer formed in situ remains,
thereby acting as a protective shell to encourage fur-
ther formation of bone tissue. Biogran’s unique
osteoconductive property has been termed
“osteostimulatory” by Schepers et al.57

Histologic examination of resorbable bioactive
glass grafted into surgically created bony defects of
the rat mandible confirmed the appearance of
numerous fissures after 2 weeks. Osteoprogenitor
cells were also observed to be invading the fissures
after 3 weeks. At the early stage, particles closest to
the defect wall showed osteoconductive bone forma-
tion initiating on the surface of the granules and then
spreading to the surrounding matrix. For those gran-
ules located away from the defect wall (ie, sections
taken from the central portion of the biopsy), new
bone tissue formation seemed to initiate from the
core of the granules.

The biologic mechanism by which Biogran initi-
ates new bone formation is not fully understood at
present. However, a previous in vitro study by the
authors suggests that Biogran maintains a weak alka-
line condition (pH 7.8 to 8.0), which promotes the
alkaline phosphatase activity of periodontal ligament
cells and osteoblasts.® In this previous study, the
suppression of peripheral blood-derived osteoclasts
was also observed.1?
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Fig 7 An electron probe microanalyzer (EPMA) base image of
the Biogran sample taken at 16 weeks.
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Fig 8 EPMA image of the sample at 16 weeks showing the
presence of calcium.

Fig 9 EPMA image of the sample at 16 weeks showing the
presence of phosphorous.

Since resorbable bioactive glass is not derived
from human or animal sources, the potential trans-
mission of viral or donor-related diseases is not a fac-
tor to be considered in its use. Other clinical benefits
include elimination of the need for a patient donor
site (ie, autogenous bone grafts), decrease in surgery
time with accompanying reductions in anesthesia and
hemorrhage, and ready availability. Another advan-
tage of resorbable bioactive glass is the formation of a
calcium-phosphate shell formed in situ, which serves
to maintain the overall volume of the particle-bone
matrix. This property is extremely advantageous as a
bone filler and augmentation material where pre-
dictable modification of the defect or deficiency is
required. In addition, histologic observations could
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Fig 10 EPMA image of the sample at 16 weeks showing the
presence of silicon. Most of the silica has been resorbed and
reduced to background signal levels.

not identify the presence of inflammatory cells, sug-
gesting that the material has no cytotoxic effects.

Conclusion

This animal study confirmed the osteoconductive
properties of resorbable bioactive glass and showed
that early bone formation had begun approximately 4
weeks after implantation. Resorption of silica and
formation of a calcium-phosphate shell deposited in
situ were confirmed by EPMA.

This study was conducted in accordance with eth-
ical and humane principles of animal research as
approved by the Animal Experiment Committee of
the Kanagawa Dental College, Yokosuka, Japan.
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