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Original Article

ABSTRACT

Introduction: Grafting in oral implantology involves bone augmentation procedures with various bone graft materials. Success of such
procedures is evaluated through the amount of bone volume and bone formed at the grafted site. The primary aim of this prospective study was to
histomorphometrically evaluate and compare the new bone formation with Bio Oss or Cerabone in the lateral approach sinus augmentation procedure.
Materials and Methods: The research targeted 22 patients who were either partially or completely edentulous posterior maxilla with
residual alveolar height 3 mm at the site of implantation and underwent a two staged surgical protocol, with a lateral approach sinus grafting
with either Bio Oss or Cerabone. Bone trephine biopsies for histological analysis were harvested 6 months after augmentation while preparing
the osteotomies for implant placement trephine. The histologic evaluation was performed comparing the newly formed bone, marrow spaces,
biomaterial particles remnants, and presence of osteocytes embedded in both trabecular bone and bone tissue near the anorganic bovine bone.
Results: The present study showed that neither of the graft material showed any active osteoclasts and host inflammatory reaction. From
sites grafted with Cerabone, an ample amount of mature lamellated bone formation was seen, also host inflammatory response was indicative
of minimal reactive inflammatory response suggestive of good acceptability of the graft material by the host. No significant differences between
the groups could be detected with regard to new bone formation and residual bone substitute.

Conclusion: The results of the study illustrates that both the bone substitute materials allow predictable new bone formation in sinus

augmentation procedures.
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A common drawback encountered in the rehabilitation of posterior
jaw with implant-supported prosthesis is the lack of adequate
bone volume. The presence of maxillary sinus in conjunction
with loss of alveolar bone height limits the bone available for
implant placement.” Maxillary sinus graft is a common and
predictable procedure used to increase the bone height. Boyne
and James first described maxillary sinus graft using autogenous
bone from the iliac crest.® Due to its osteogenic, osteoinductive,
and osteoconductive properties, autogenous bone is considered
the gold standard for maxillary sinus grafting.*”!

Unfortunately, procuring autogenous bone can increase the
risk of morbidity, cause discomfort, and increase the intraoral
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time of surgery, the tendency for partial resorption, and
excessive graft shrinkage.®”

To overcome these disadvantages, a large number of
biomaterials have been used alone or in combination with
autografts in maxillary sinus augmentation procedures.®
Xenografts, especially anorganic bovine bone matrix (ABBM),
is one of the most suited nonautogenous bone graft
materials for maxillary sinus grafting, both histologically and
histometrically, due to its osteoconductive nature and well
integration into newly formed bone.”!

The two-stage sinus augmentation with delayed implant
insertion was thought of as a decent clinical model to gauge
the performance of graft materials because bone formation
happens within an enclosed cavity and with minimal
interference from external factors. It also allows collecting
bone biopsy specimens during implant insertion, avoiding
any additional discomfort for the patients.!"”

Comparing new bone formation through histomorphometric
analysis using totally different bone graft materials could
assist the practitioner in deciding the graft materials to be
used for sinus graft procedure.

Thus, the primary aim of this study is to evaluate and
compare the bone formation overtime following maxillary
sinus augmentation with either of the two ABBM, BioOss or
Cerabone by retrospective assessment of histomorphometric
data in cases with severe atrophy of the residual maxillary
bone (bone height <3 mm).

Clinical records were selected among those who were
either partially or completely edentulous posterior maxilla
with residual alveolar height <3 mm, who underwent
implant-supported rehabilitation between the period of June
2013 and July 2018. The study involved 26 patients (6 female
and 15 male) with a mean age of 54 + 9.1 years. For the
present retrospective analysis, patients who underwent a
two-staged surgical protocol followed with sinus grafting
procedure through the lateral window at stage one and
trephine biopsy obtained at stage two with implant
placement, i.e., 6 months after sinus augmentation
procedure with either Bio-Oss (Geislich, Switzerland) or
Cerabone (Botiss biomaterials) as bone grafting materials
were selected. Patients with compromised medical condition,
maxillary sinus disease, smoking habits, poor oral hygiene,
and maxillary sinus infection developed after surgery were

excluded from the study. Data regarding a 5-year implant
survival follow-up was also assessed simultaneously. The
study was approved by the Institutional Ethical Review Board
and ethical clearance was obtained for the study (reference
number L/2019/173).

And sinus depth was measured buccopalatally at a distance
from the ridge crest. For all, the surgery was performed after
adequate local anesthesia. The full-thickness mucoperiosteal
flap was raised and the lateral window was prepared using a
round bur on the anterior wall of the maxillary sinus. Then, a
series of sinus elevators were used to lift the sinus lining and
either of the xenografts was used to graft the cavity and the
Ossix membrane ™ was used to cover the defect. Primary closure
was achieved using a 3-0 cytoplast sutures suture. Appropriate
antibiotics and analgesics were prescribed. Patients were asked
to rinse with 0.2% chlorhexidine gluconate for 2 weeks.

Harvesting bone core was done 4 months post sinus grafting
procedure, Stage 2 was performed, i.e., implant placement.
A full-thickness mucoperiosteal flap was reflected, and the
previous surgical site was exposed. The previous surgical
site was marked with India ink. One bone core biopsy per
sinus was obtained using 3.2 mm Trephine (KOINE-ITALY),
the base of the core represented the native bone and the
top represented the grafted part that was clearly visible. The
bone core biopsy was stored in 10% buffered formalin and
sent to a laboratory for histological and histomorphometric
analysis. Titanium implants, 4.0-5.0 wide and length 10 mm
long, were placed at the biopsy site.

The trephine core biopsy specimens were fixed in fixative (4%
paraformaldehyde in 0.1 M phosphate buffer, pH 7.2) for at
least 24 h. The specimens were then decalcified in a mild
decalcifying agent (10% ethylenediaminetetraacetic acid). The
specimens were then processed following standard tissue
processing protocols for hard-tissue processing. Each sample
was dehydrated in ascending grades of ethyl alcohol (50%,
70%, 80%, 95%, and absolute alcohol) followed by a step of
clearing in three changes of clearing agent (xylene). The biopsy
specimens were infiltrated and embedded in paraffin wax and
blocks were obtained. Thin 3 wm sections were obtained using
semi-automatic microtome and stained with hamatoxylin and
eosin stain. The sections were observed under transmitted
light using a research microscope (Olympus BX53) at low and
high magnifications.!""!

Digital photomicrographs were obtained by the
camera (Olympus EPL3) and images were transferred to
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the computer for histomorphometric analysis using image
analysis software. Areas of new bone formation, remnant
graft material, and unmineralized tissue were measured and
compared in the two study groups.

Data were analyzed using computer statistical program
software (Magnus Pro by Olympus). Changes in graft volume
at different time intervals were analyzed using Student’s
paired t-test to compare the mean data between the groups.

The decalcified sections of cores obtained from sites grafted
with Bio-Oss showed mature bone formation along with
focal areas of remnant graft particles. The bony trabeculae
showed lamellations with osteocytes lying within the
osteocytic lacunae and lined by osteoblasts at the periphery.
At some areas, the bone was seen to be opposed to the graft
material. Areas of bone apposition with varying degrees
of mineralization were evident at the graft bone interface
suggestive of osteoconductive properties of the graft material
in bone formation. The surrounding stroma was unremarkable
with minimal inflammatory response suggestive of good
acceptability of the material by the host. Focal areas showed
graft material surrounded by fibrous connective tissue with
minimal host inflammatory reaction [Figure 1].

The decalcified sections obtained from trephine cores
obtained from sites grafted with Cerabone showed multiple
foci of mature bone formation. The bony trabeculae showed
mature osteocytes within the osteocytic lacunae and rimming
by plump cuboidal osteoblats. The mature bony trabeculae
also showed prominent basophilic cement lines suggestive
of active remodeling process. The presence of areas of new

bone formation was also seen in close approximation to the
remnant graft material. Few focal areas also showed the focal
presence of osteocytes within osteocytic lacunae suggestive
of an active role of graft particles in new bone formation
and bone tissue ingrowth. Host inflammatory response
was indicative of minimal reactive inflammatory response
suggestive of good acceptability of the graft material by the
host [Figure 2].

The mean % bone formation in Bio OSS group is 41.4% = 2.6%,
whereas it is 39.23% = 2.8% in Cerabone group [Table 1]. No
statistically significant difference in the result was observed
among the two groups.

The mean bone gain in Bio-OSS group was 5.35 = 1.45 mm,
whereas it is 4.65 = 1.15 in Cerabone group. There was no
statistically significant difference between the groups.

Bone substitutes are used commonly in implant surgical
procedures involving sinus augmentation. Desirable
properties of these bone substitutes should have specific
biological and clinical properties to favor new bone formation
with adequate volume. Biologically, it should mediate the
recruitment of mesenchymal cells derived from host site
and have bioactive effects on ossification (osteoinduction).
Furthermore, it must be osteoconductive, providing
three-dimensional scaffolds for the ingrowth of vessels
and osteoprogenitor cells. Finally, it should be resorbable.
Clinically, it should be easy to use, cost-effective, and with
adequate density to allow easy radiographic recognition
during the entire healing process.!"
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Study groups Mean percentage Mean gain in bone

bone formation height (mm)
Group 1 (Bio-0ss) 41.4+2.6 5.35+1.45
Group 2 (Cerabone) 39.23+2.8 4.65+1.15

Although autogenous bone is considered the gold
standard for comparison of any bone substitute, commonly
available bone graft materials can be broadly categorized
based on their manufacturing properties. One type of
graft materials (BioOss-Geistlich Pharma AG, Wolhusen,
Switzerland) is produced by deproteinization at a low
temperature of around 300°C and treatment with strong
alkalis and organic solvents to render in nonantigenic and
protein free with aparticle size of 0.25-1 mm, whereas the
other (Cerabone) (AAP Biomaterials GmbH, Berlin, Germany)
is a bovine bone material produced by sintered at high
temperature (>1200°C), which retains the inorganic part of
the bone (hydroxyapatite) with a particle size of 0.5-1 mm.!"?

Panagiotou et al. showed that Bio-Oss undergoes a low
heat (300°C) chemical process that extracts the organic
components, while Cerabone deproteinization occurs at
a very high temperature (1200°C) that enhances material
crystallinity. Since Bio-Oss has a less crystalline structure
compared to DBB-2 and might be more prone to degradation,
residual Bio-Oss particles might resorb faster. Cerabone
is exposed to deproteinization in higher temperatures
compared to Bio-Oss. This increases the crystallinity of the
material which results in long-term presence after sinus
augmentation, which is a clinical advantage.!"?!

Riachi et al. performed a study in which direct sinus graft
procedure was performed on 22 patients intended for implant
placement. Two types of graft materials were used (Bio-Oss
and Cerabone) and after 8 months of healing time, the implants
were inserted. Radiographic assessment was performed over
a period of 4 years. Particle size, rate of calcium release, and
size and type of crystal structure of each graft were evaluated.
They observed that the average particle size of Bio-Oss (1 mm)
was much smaller compared to Cerabone (2.7 mm). The
amount of calcium release due to the dissolution of material
in water was much higher for Bio-Oss compared to Cerabone.
X-ray image analysis revealed that Bio-Oss demonstrated
significantly higher volumetric loss (33.4% + 3.1%) of initial
graft size compared to Cerabone (23.4% = 3.6%). The greatest
amount of vertical loss of graft material volume was observed
after 1 year of surgery.

Riachi et al. have shown that Bio-Oss has smaller particle
size (1 mm average particle size compared to 2.7 mm for
Cerabone) resulting in significantly higher surface area,

higher calcium release rate (9.8 mg/g), and smaller crystallite
size (41.7 nm at 25.86 diffraction angle) compared to 53.2 nm
at 25.95 diffraction angle for Cerabone. These differences were
associated with a significantly higher resorption rate of the initial
graft volume observed for Bio-Oss material in their study."!

Moon et al. compared two xenograft materials prepared
by a low-temperature deproteinizing technique (Bio-Oss)
or a high-temperature (Cerabone) one and observed a
significantly greater volumetric loss of the initial graft size
for the nonsintered material. They stated that Bio-Oss has a
significantly larger surface area and a smaller crystallite size
compared with Cerabone.["”

Piattelli et al. have shown that Bio-Oss is a resorbable
osteoconductive material in the sinus augmentation
procedures. The interconnected porous system of Bio-Oss
appears to have a size and structure conducive to vessel
ingrowth. The interparticle space determines the vascularity
and vascular ingrowth into the graft scaffold./"®!

The results of the present study showed that both Bio-oss
and Cerabone were comparable in their results in bone
augmentation procedures despite the fact that both
Cerabone and Bio-oss differ distinctly in their manufacturing
process with regard to heat treatment and have distinct
physicochemical properties. This could be explained by
the fact that both show a similar healing process involving
a long-term nontransient state of minimal inflammation
resulting in long-term success, as shown in previous studies.
Both the materials allow for partial resorption of graft
material and replacement by new bone, allowing for extended
bone remodeling and maturation process.!'”

Berberi et al. have shown that although both had a well
crystalline particle components, Bio-Oss had least particle size
as compared to Cerabone but showed a higher calcium release
property as compared to Cerabone. This could attribute to the
favorable bone formation process despite smaller particle size
and considerable resorption rate and volumetric bone loss.!'?

No significant differences were observed between the
groups with regard to new bone formation and residual
bone substitute. Predictable new bone formation in sinus
augmentation procedure was observed for both bone
substitutes.

Nil.
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