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ABSTRACT
Graphene is a two dimensional allotrope of carbon with extraordinary high 
mechanical stiffness and thermal and electrical conductivity. This is why 
Graphene can be used as coating of materials that usually lack these 
properties. As heterologous materials used for bone replacement and bone 
regeneration are brittle and characterized by low fracture toughness, the 
Authors thought to improve pre-formed porcine bone (PB) granules features 
by using Graphene with the aim to improve the mechanical stiffness and 
strength of PB and to use Graphene as an osteoinductive factor.
PB granules (OsteoBiol® Apatos Cortical, Tecnoss®, Giaveno, Italy) were 
coated with Graphene Oxide (GO) homogeneously distributed on the 
biomaterial surface in order to confer it an increased resistance to fracture 
load and improve its chemical, physical, biological and mechanical 
features. The GO coating was realized by using aqueous GO solutions of 
different concentrations. After an in vitro evaluation, a preliminary 
experiment on a sheep  model was undertaken to investigate in vivo 
behavior of GO-coated PB granules. The histomorphometry showed in the 
control samples 42.8% of newly formed bone, 19.3% of marrow spaces 
and 37.8% of residual biomaterial; regarding the test samples newly 
formed bone was 32.1%, marrow spaces 20.2%, residual biomaterial 
33.9% and graphene remnants 13.8%.
With reference to mechanical characterization, the GO-coating on PB 
granules led to a composite scaffold with an increased fracture resistance 
under compressive strain of 35%, with respect to the pure PB counterpart. 
Biological analyses evidenced no toxic effects of GO-coated PB samples on 
primary human gingival fibroblasts, and no inflammatory response around 
the grafted particles. The obtained GO-coated biomaterial demonstrated 
to be stable over time.

CONCLUSIONS
The aim of the present study was to set up an easy and inexpensive protocol 
for the preparation of GO-coated PB granules and to characterize the 
obtained material through the investigation of the chemical, physical, 
biological and mechanical features that the GO coating could confer to 
pre-formed PB granules. 
In the Authors’ opinion, the protocol proposed could represent a model to 
be applied in order to improve the performance of other biomaterials. They 
concluded that “the in vivo analysis on a larger number of animals will allow 
investigating the samples in terms of inflammation response and bone 
regeneration potential in order to tune the proper GO concentration able to 
exert osteoinductive properties with no toxic effects”.


