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ABSTRACT
BACKGROUND: Modern biomedicine and biotechnology aim to provide

functional alternatives for the precise, targeted, and accurate management of
medical complications through the advance of integrated solutions utilizing
medical, biotechnological, and technical concepts. An example of this
integration involves introducing silver nanomaterial into beta-tricalcium
phosphate granules, thereby contributing to the advancement of bone substitute
materials.

AIMS and Objectives: The aims of the current study were preparation and
characterization of silver nanoparticle-decorated Beta-tricalcium phosphate
nanocomposite. Furthermore, assessment of biological activity of
nanocomposite on bone healing microstructure alone or mixed with injectable
platelet-rich fibrin in surgically created bone defects in the mandible of dogs as
assessed by biochemical, radiological, histological, and immunohistochemical
examinations. In addition to evaluate the antibacterial effect of locally
synthesized silver nanoparticle-decorated Beta-tricalcium  phosphate
nanocomposite in vitro.

MATERIALS and METHODS: The study included both a pilot and study
proper section. The pilot study was for the chemical preparation and
characterization of silver nanoparticle-decorated Beta-tricalcium phosphate
nanocomposite. The study proper included antibacterial and experimental parts.
For antibacterial assessment of the prepared nanocomposite, broth dilution
method was followed, after culturing of Staphylococcus aureus on Mueller-
Hinton agar. The experimental part included eighteen healthy adult male local
breed dogs aged 12-18 months, weighing 15-20 kg were used in the study. For
the preparation of injectable platelet rich-fibrin, a total of 2 *10 ml of blood was
collected from the jugular vein of each dog and immediately centrifuged at 700

rpm for 3 minutes. Based on healing intervals of 1 and 2 months, the dogs were




Abstract

v
divided into 2 groups. Each interval group had 6 subgroups based on the

grafting material used to fill the created defect with 3 dogs each, these included:
an empty defect, beta- tricalcium phosphate, nanocomposite, injectable platelet
rich-fibrin, beta- tricalcium phosphate with injectable platelet rich-fibrin, and
nanocomposite with injectable platelet rich-fibrin. Surgery started after the dogs
were anaesthetized. The surgical procedure began with a 5 cm parallel incision
on the left, lower posterior border of the mandible for one-month intervals and
right side for two-month intervals. After exposing the periosteum, three Smm-
diameter, 5-mm-deep critical-size holes were made, Smm between each one.
Each group's grafting material had independent 3 holes. All defects for all
groups were covered with resorbable collagen membranes followed by suturing
of the subcutaneous tissue and the skin. After completion of the scheduled
surgery timetable of the study for each dog, animals were euthanized, and then
the mandibular bone was harvested and exposed to x-ray (cone beam computed
tomography) for radiological analysis. Bone samples were fixed in 10%
formaldehyde, the block sections were decalcified in 5% nitric acid for about
24  hours, followed by 5% formic acid for histological and
immunohistochemical analysis.

RESULTS: The results of the pilot study for chemical preparation of
nanocomposite study material showed successful loading of nanosilver on beta-
tricalcium phosphate and formation of silver/beta-tricalcium phosphate
nanocomposite with high crystallinity and thermal stability with antibacterial
properties. Radiological assessment showed that the nanocomposite material
increased bone density after being mixed with injectable platelet-rich fibrin
along the study interval. These results were corroborated by histological
examination, which showed that the nanocomposite material enhanced
osteoblastic activity, promoted osteogenesis, decreased inflammatory response,

and elevated bone marker runt-associated transcription factor 2 expression.
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Furthermore, the substance of the nanocomposite promoted angiogenesis by

upregulating the expression of vascular endothelial growth factor along study
intervals.

CONCLUSIONS: The addition of nanosilver to beta-tricalcium phosphate
provided antimicrobial characteristics, which may be useful in biological
applications. Silver/beta-tricicalcium phosphate nanocomposite had a
significant radiological effect on bone mineral density via cone beam computed
tomography modality after two-month intervals. Histologically, synthetic
silver/beta-tricalcium phosphate nanocomposite and beta-tricalcium phosphate
groups increased bone formation after the addition of injectable platelet-rich
fibrin concentrate along study intervals. Immunohistochemically, synthetic
silver/beta-tricicalcium phosphate nanocomposite accelerated bone healing
when used alone or after the addition of injectable platelet-rich fibrin

concentrates.
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