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Histologic and ultrastructural analysis of regenerated 
bone in maxillary sinus augmentation using a porcine 
bone-derived biomaterial

ABSTRACT

In case of an insufficient bone volume in the posterior maxilla, maxillary 
sinus floor augmentation procedures are used. Even if several different 
materials have been proposed for sinus augmentation procedures, it is still 
not clear which graft materials are clinically most suitable for bone 
regeneration. Autogenous bone is considered to be the gold standard, but 
its main disadvantages, especially those related to the patient’s discomfort,  
produced a quest for a bone substitute that could be used in bone 
regeneration techniques and induce a predictable and rapid healing of the 
tissues at the interface with dental implants.
The aim of the present study was to report the results of light microscopy 
(LM) and transmission electron microscopy (TEM) in specimens retrieved 5 
months after sinus floor augmentations using a porcine bone-derived 
biomaterial in the form of granules (OsteoBiol® Apatos, Tecnoss®, Giaveno, 
Italy). 10 patients were included in this study. After maxillary sinus 
augmentation using this biomaterial, 10 specimens were retrieved after 5 
months and processed to be observed under light microscopy (LM) and 
transmission electron microscopy (TEM). At the same time, implants have 
been placed, planning second-stage surgery after 5 months. 
After 5 months, the clinical observation revealed that all implants were 
stable and the x-rays showed the presence of bone around and above the 
implants placed in the augmented maxillary areas. The light microscopy 
observation showed that most of the particles were surrounded by newly 
formed bone and that mainly compact bone was present at the interface. 
Moreover, the bone biomaterial interface showed a close contact between 
the porcine bone particles and the surrounding bone that had mainly 
features of mature bone with numerous osteocytes. Newly formed bone 
area was 36±2,8%, marrow spaces were 38±1,6%, while residual graft 
material was 31±1,6%. Under TEM, all phases of bone formation (osteoid 
matrix, woven, and lamellar bone) were observed in proximity with the 
biomaterial particles.

CONCLUSIONS

The findings of this study show that this cortical porcine bone-derived 
biomaterial is biocompatible and can be used for maxillary sinus 
augmentation procedures, promoting bone formation without interfering 
with the normal reparative bone processes and implant osseointegration.
Based on these results, the Authors concluded that “these findings could 
increase the scientific knowledge of the clinician for understanding the 
biologic interactions occurring in proximity of a porcine bone substitute, 
showing that bone in contact with it presents all the phases of bone 
formation and shows features similar to the pre-existing osseous tissue, thus 
indicating the biocompatible properties of this graft”.


