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Histological and immunohistochemical evaluation in patients who underwent
maxillary sinus lifting surgery using autogenous or heterogenous bone. A clinical

randomised trial

Avaliacao histologica e imunohistoquimica em pacientes submetidos a cirurgia de levantamento de
seio maxilar com 0sso autogeno ou heterogéneo. Um ensaio clinico randomizado
Evaluacién histoldgica e inmunohistoquimica en pacientes sometidos a cirugia de elevacion del seno

maxilar con hueso autégeno o heterogéneo. Un ensayo clinico aleatorizado

Received: 03/22/2021 | Reviewed: 03/29/2021 | Accept: 04/08/2021 | Published: 04/18/2021

Geraldo Luiz Griza

ORCID: https://orcid.org/0000-0001-7169-495X
Parana West State University, Brazil

E-mail: ggriza@hotmail.com

Roberta Okamoto

ORCID: https://orcid.org/0000-0002-6773-6966
Universidade Estadual Paulista, Brazil

E-mail: roberta.okamoto@unesp.br

Daniela Colet

ORCID: https://orcid.0og/0000-0001-7317-0762
Private dental Office, Brazil

E-mail: danicolet@hotmail.com

Ricardo Augusto Conci

ORCID: https://orcid.org/0000-0002-6678-8780
Parana West State University, Brazil

E-mail: ricardo_conci@hotmail.com

Osvaldo Magro Filho

ORCID: https://orcid.org/0000-0002-9821-2479
Universidade Estadual Paulista, Brazil

E-mail: osvaldomagrofilho@icloud.com

Abstract

Obijectives: This study evaluated, through histological and immunohistochemical analysis the bone formation and
remodeling after a maxillary sinus lift. Material and methods: 25 patients from 41 to 65 years of age, with inadequate
bone volume in the posterior maxillary region and remaining native bone less than or equal to 5 mm, as measured
radiographically, were selected and underwent maxillary sinus lift surgery, through the open technique. They were
distributed in 3 groups: A - particulate, autogenous bone, AB - autogenous and heterogeneous bone, and B - only
heterogeneous bone. Six months after this intervention, the patients were submitted to a surgery for the installation of
implants and concomitant removal of the grafted bone sample from the surgical site. Results: The histological evaluation
showed bone formation in the three groups, with presence of mature bone. In groups B and AB, the presence of granules
of the biomaterial surrounded by bone tissue was observed. A statistical analysis showed significant difference
(ANOVA p=0,002), suggesting greater bone formation in the autogenous group. In an immunohistochemical evaluation,
no statistically significant differences were observed in the comparison between the experimental groups (A, B and
AB), as well as in the proteins analyzed (OC: p= 0.657; VEGF: p= 0,133; TRAP: p= 0.163). Conclusion: The use of
Bio-Oss ®, whether or not associated to autogenous bone, for a maxillary sinus lift through the side window technique
results in bone repair. A predictable amount of bone formation is attained when this osteoconductive biomaterial is
used.

Keywords: Biomaterials; Maxillary sinus; Graft bone.

Resumo

Objetivos: Este estudo avaliou, por meio de andlises histolégicas e imunohistoquimicas, a formagdo e remodelacdo
Ossea apos a elevagdo do seio maxilar. Material e métodos: foram selecionados 25 pacientes de 41 a 65 anos de idade,
com volume 6sseo inadequado na regido posterior da maxila e 0sso nativo remanescente menor ou igual a 5 mm, medido
radiograficamente, que foram submetidos a cirurgia de levantamento do seio maxilar, por meio da técnica aberta. Eles
foram distribuidos em 3 grupos: A - 0sso particulado, autdgeno, AB - 0sso autdgeno e heterogéneo e B - somente 0ss0
heterogéneo. Seis meses apds essa intervencdo, os pacientes foram submetidos a cirurgia para instalagdo de implantes
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e concomitante retirada da amostra dssea enxertada do sitio cirdrgico. Resultados: A avaliagdo histolégica evidenciou
formacao 6ssea nos trés grupos, com presenca de 0sso maduro. Nos grupos B e AB foi observada a presenca de granulos
do biomaterial circundados por tecido 6sseo. A analise estatistica mostrou diferenca significativa (ANOVA p = 0,002),
sugerindo maior formacgédo dssea no grupo autégeno. Na avaliacdo imunoistoquimica, ndo foram observadas diferengas
estatisticamente significativas na comparagdo entre os grupos experimentais (A, B e AB), bem como nas proteinas
analisadas (OC: p = 0,657; VEGF: p = 0,133; TRAP: p = 0,163). Conclus&o: O uso do Bio-Oss ®, associado ou ndo a
0SS0 autogeno, para a elevacgao do seio maxilar pela técnica de janela lateral resulta em reparo ésseo. Uma quantidade
previsivel de formacéo Ossea é atingida quando este biomaterial osteocondutor € usado.

Palavras-chave: Biomateriais; Seio maxilar; Enxerto 0sseo.

Resumen

Objetivos: Este estudio evalud, mediante analisis histoldgico e inmunohistoquimico, la formacion y remodelacién ésea
después de una elevacién del seno maxilar. Material y métodos: se seleccionaron 25 pacientes de 41 a 65 afios, con
volumen 06seo inadecuado en la region maxilar posterior y resto de hueso nativo menor o igual a 5 mm, medidos
radiogréficamente, y se les realizé cirugia de elevacion del seno maxilar, a través de la técnica abierta. Se distribuyeron
en 3 grupos: A - hueso particulado, autégeno, AB - hueso autdgeno y heterogéneo, y B - solo hueso heterogéneo. Seis
meses después de esta intervencion, los pacientes fueron sometidos a una cirugia para la instalacion de implantes y la
extraccion concomitante de la muestra de hueso injertado del sitio quirdrgico. Resultados: La evaluacién histolégica
mostré formacion 6sea en los tres grupos, con presencia de hueso maduro. En los grupos B y AB se observo la presencia
de granulos del biomaterial rodeados de tejido 6seo. Un analisis estadistico mostro diferencia significativa (ANOVA p
= 0,002), sugiriendo una mayor formacion ésea en el grupo autégeno. En una evaluacion inmunohistoquimica no se
observaron diferencias estadisticamente significativas en la comparacion entre los grupos experimentales (A, By AB),
asi como en las proteinas analizadas (OC: p = 0,657; VEGF: p = 0,133; TRAP: p = 0,163). Conclusién: El uso de Bio-
Oss®, asociado 0 no a hueso autdgeno, para una técnica de elevacién del seno maxilar a través de la ventana lateral da
como resultado la reparacion dsea. Se logra una cantidad predecible de formacién de hueso cuando se usa este
biomaterial osteoconductor.

Palabras clave: Biomateriais, Seno maxilar; Osso de enxerto.

1. Introduction

The treatment of maxillary edentulous jaws with osseointegrated implants is often complex for the pneumatization of
the maxillary sinus and for the remaining low-bone density and volume. The bone resorption, consequent to the loss of the dental
elements, determines atrophy in height and thickness, by reducing the available bone to perform the implant (Stacchi et al., 2017;
Beretta et al., 2012).

The maxillary sinus is a large pyramidal cavity with thin walls corresponding to alveolar, orbital, facial and
infratemporal aspects of the maxilla. The size, shape, and wall thickness of the sinus varies from one to another even on the 2
sides of the pacient. Normally, the normal thickness of the Schneiderian membrane is approximately 1 mm (Rancitelli et al.,
2015).

The maxillary sinus lift is a widely used technique to restore bone volume in the posterior region of the maxilla for
dental implant placement (Jensen et al., 2012; Abrahams & Hayt, 2000). The classic technique consists in a lateral access to the
maxillary sinus, detachment of the Schneider membrane, and maintenance of the distance from the membrane to the sinus floor.
Once this space is preserved, new bone is formed filling it over time (Tatum, 1986; Chiapasco, Casentini & Zaniboni, 2009;
Raja, 2009).

Maxillary sinus floor augmentation can be considered a relative safe procedure, but severe complications may occur as
a result of incorrect surgical plan or related to aggressive surgical manoeuvres (Stacchi et al., 2017; Beretta et al., 2012; Rancitelli
et al., 2015; Maridati et al., 2014).

There are many studies regarding anatomic variation of maxillary sinus, just a few of them are concerned with the
relation between septa and Schneiderian membrane (Rancitelli et al., 2015).

The anatomic knowledge of maxillary sinus is fundamental to plan its surgical lift avoiding possible complications
(Rancitelli etal., 2015). Some complications may arise during this procedure. The perforation of sinus membrane and interruption
of the alveolar-antral vascular bundle are the two most frequent intra-operative complications. The alveolar antral artery is an
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anastomosis between the infraorbital artery and the posterior superior alveolar artery and it is really important due this surgical
technique (Stacchi et al., 2017; Maridati et al., 2014).

The maintenance of the space created is crucial for the bone formation, and thus the insertion of autogenous bone or
bone substitutes are commonly used not only for space preservation but also to afford the migration of osteoblasts and matrix
deposition over the particles’ surface (Schweikert, Lang & Botticelli, 2011).

Autogenous bone represented for years the standard in bone reconstructions. The bone architecture combined with
autologous bone morphogenic proteins (BMPs) and stem cells inside the woven structure provides unique characteristics for this
material as it is osteoconductive, osteogenic and osteoinductor (Abrahams & Hayt, 2000; Chiapasco, Casentini & Zaniboni,
2009). Despite the optimal biological proprieties, the harvesting of autogenous bone implies a second surgical approach with
consequent increase of morbidity and surgical time. Bone substitutes are commonly used in bone reconstruction surgeries in
order to prevent the negative aspects of autogenous bone harvesting. There are a number of bone substitutes of different origins,
heterogeneous bone being one of the most popular among them with proven efficacy in the bone formation of sinus lift surgeries
(Abrahams & Hayt, 2000; Stern & Green, 2012).

The aim of this study was to emphasize the importance of this kind of procedure in oral and maxillofacial surgery due
to the high number of patients who need this rehabilitation. Another goal of this study was to evaluate bone formation by
histological and immunohistochemical analysis and characterize the events that mark the bone remodeling following a maxillary
sinus lift surgery filled with three types of bone graft: particulate autogenous bone; autogenous and heterogeneous bone; only
heterogeneous bone.

2. Materials and Methods

This study was approved by the Human Research Ethics Committee of the University of the State of Sdo Paulo —
UNESP/ Aracatuba (05509112.4.0000.5420) where this protocol can be found. All the patients were well informed about the
research and signed the written informed consent form.

A total of 74 dental implants were installed. Among these, 38 bone tissue samples of the patients were collected during
the alveolar ridge perforation and subjected to histological and immunohistochemical processing for the detection of osteocalcin
protein, vascular endothelial growth factor (VEGF) and tryptophan-activated RNA binding attenuation protein (TRAP) in the
the analyzed bone tissue.

The scientific methodology followed several technical criteria, mainly supported by the author José Carlos Kéche
(2011).

Patient Selection
The number of the samples for each group was determined by a statistical power test (http://www.lee.dante.br) based
on previous results (Bonardi et al., 2017). The selection of patients is shown in the CONSORT flow diagram (Figure 1).
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Figure 1 - The CONSORT flow diagram.

CONSORT 2010 Flow Diagram
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Source: Authors.

The patient inclusion criteria for this study were:

- Systemic analysis: ASA class | and Il surgical risk; absence of respiratory diseases.

- Orclal conditions: Indication for rehabilitation with dental implant; panoramic radiography showing insufficient
alveolar bone to place the dental implants; and the presence of a maxillary sinus occupying the space where the dental implant
should be positioned.

Thirty-eight (38) maxillary sinus lifts were performed in 25 patients of both genders, aged between 41-65 years (Table
1), with inadequate bone volume in the posterior maxillary region and remaining native bone less than or equal to 5 mm,

measured radiographically, and selected to perform a bone reconstructive surgery for subsequent installation of implant-
supported prostheses.
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Table 1 - Distribution of patients according gender and age.

Total of patients Gender Age Avarage Age
Males - 13
25 41-65 517
Females - 12

Source: Authors.

Diagnostic imaging of the maxillary areas and donor sites (chin and mandibular branch) was performed for the selection
of patients, the selected harvesting site being in the highest volume area.

Exclusion criteria were patients with uncontrolled systemic problems, smoking, a history of radiation in the head and
neck areas, periodontal disease, or sinus conditions.

Bone Graft surgeries

The patients underwent a surgery to elevate the maxillary sinus through the side window technique recommended by
Tatum?® and divided into 3 groups according to the type of graft used: Group A - particulate autogenous bone; Group AB -
autogenous and heterogenous bone (Bio-Oss®), and Group B- only heterogenous bone (Bio-Oss®), according to the type of
filling of the maxillary sinus (Table 2).

Table 2 - Groups distibrution.

Groups Bone substitutes Number of sinus
A Autogenous bone 15
AB 1:1Bio-0Oss® (Geistlish AG)+ autogenous bone 11
B BioOss® (Geistlish AG) 12

Source: Authors.

The patients were allocated to the groups by simple randomization. Before each surgery, the technique to be performed
was drawn by lots. This process was generated by the main author, who also enrolled the patients and assigned them their
interventions.

The intrabucal donor areas of the bone graft were chosen by the researcher according to the amount or volume of bone
required for the grafted site (chin or mandibular ramus).

For particulate autogenous bone, a manual bone grinder was used (Neodent - Brazil). For group B, the proportion was
approximately 50% of each bone type (1: 1).

Patients were treated prophylactically with antibiotics and corticosteroids and, in the postoperative period, with
analgesics and nonsteroidal anti-inflammatory drugs. They were anesthetized according to conventional regional block
techniques and underwent surgery.

Before being discharged, the patients were given postoperative care instructions and, after two weeks, returned for
evaluation, removal of the suture, and follow-up of the case.

Sample acquisition
Six (6) months after the graft procedure, the patients returned for a new surgical procedure aiming at the placement of

osseointegrated dental implants. In this step, a sample of the grafted bone was extracted for biopsy with a 2-mm-diameter
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trephine-type drill (Neodent - Brazil) in the vertical direction (Figure 2), according to the planned position for the implantation
of the implant: an external Hexagon (P1 Branemark® -Zimmer / Brazil), of diameter and length compatible with the need of each
location. The patients were conventionally anesthetized and medicated in a similar manner to the grafting stage.

Figure 2 — Technique of the biopsy with trephine-type drill.

Source: Authors.

Histological analysis

The parts were processed in the Laboratory of the Department of Surgery and Integrated Clinics of FOA-UNESP.

The obtained pieces were fixed in a 10% buffered formalin solution, pH = 7 for 48 hours, decalcified in 5% EDTA
(Ethylene Diamino-tetraacetic Acid - Merck-Frankfort / Germany) for 42 days, embedded in paraffin and submitted to microtomy
to obtain 6um-thick longitudinal sections for histomorphometric and immunohistochemical analysis.

A conventional Carl Zeiss-Jenamed 2 light microscope (Jena/ Germany) was used under a fixed focus and field clarity,
with an initial increase of 63X and 400X. At least four histological sections of each specimen were evaluated. A calibrated
observer identified the tissue morphology of each group.

The images of the semi-serial sections of the specimens to evaluate the bone neoformation of the grafted area were
captured by a digital camera (Axiocam ICcl- Zeiss-Jena / Germany) coupled to a Carl Zeiss-Jenamed 2 (Jena / Germany) optical
microscope and connected to a Itautec infowayST43443329 DC computer, monitor LG E2355V, 800x600 dpi. The images were
captured at 63X magnification just above the interface between the remaining bone, thus capturing the grafted area. The ImageJ
digital image processing program was used to evaluate the photos. The same was calibrated in 8000 pixels, which allowed the
count of 192 points in the total area of the image. The points present in the area of neoformed bone were counted, and it was
verified that they were no areas of grafted bone. It was then transformed into area density (%), considering the total area of 192
points as 100% (Figure 3).
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Figure 3 — Counting of the area of neoformed bone.
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Source: Authors.

Immunostaining analysis

The immunohistochemical processing was performed at the Laboratory of Immunohistochemistry of the Basic Sciences
Department of FOA - Aracatuba / UNESP.

Immunohistochemical processing was initiated by the deparaffinization steps (maintenance of the oven cuts for 20
minutes, followed by citrisolve baths and baths in decreasing concentrations of alcohols) and ending with the hydration of
sections immersed in PBS (phosphate buffered saline solution 0.01M). Endogenous peroxidase activity was inhibited with
hydrogen peroxide, and, in the next step, the slides underwent antigenic recovery with a phosphate citrate buffer (pH 6.0) in
moist heat. Endogenous biotin was also blocked with skimmed milk for 20 minutes. As a non-specific blocking method, the
primary antibody was prepared in a 1% phosphate buffer and bovine albumin solution.

For immunohistochemical processing, an antibody for osteocalcin (OC, Goatanti-OC - Santa Cruz Biotechnology,
SC18319), TRAP (Goatanti-trap - Santa Cruz Biotechnology, SC30832) and VEGF (Goatanti-VEGF - Santa Cruz
Biotechnology, SC1881) was used. As secondary antibodies, antibodies for biotinylated goat IgG (anti-GoatlgG-HRP, PIERCE)
were used.

The detection method was performed by immunoperoxidase, and 3.3-diaminobenzidine (DAB, Sigma, St. Louis, MO,
USA) was used as chromogen obtained by nuclear countercolouration with Harries Hematoxylin. Control procedures were
performed by omission of the primary antibodies (Negative control). Next, the slides passed through the dehydration steps,
soaked in xylol, and the coverslips were assembled for later optical microscope analysis with a 20X magnification lens -
LeicaAristoplan Microsystems (Leitz, Benshein, Germany).

For each of the antibodies used, the expression of these proteins was evaluated by qualitative ordinal analysis by
assigning different scores according to the number of cells and extracellular matrix area with positive immunoblotting,
determined by brown staining in the cytoplasm of the cells during the process of bone remodeling. The results are presented in
tables showing the representative score of the groups. The analyzer (RO) was submitted to the Kappa test where an index above
0.8 was obtained, showing that the observed scores were consistent. The distribution pattern of the immunostaining was analyzed

qualitatively, assigning 0 (unmarked), 1 (weak / diffuse), 2 (moderate) and 3 (intense), in order to evaluate the expression of the
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proteins. The analysis was performed under a conventional optical microscope, and the scores were assigned by a single,
previously calibrated observer.

Statistical analysis

After obtaining the histometric results, the data were statistically treated, based on the percentage values of bone
neoformation, by the program Biostat 5.0 (IDSM-Amazonas / Brazil). The Shapiro-Wilk test was used to contrast the normality
of the data. Once the normal distribution of data was confirmed, ANOVA variance analysis was performed, and Tukey’s range
test was used to verify differences between the groups. For analyses, p <0.05 values were considered significant.

The immunohistochemical scores for the OC, VEGF and TRAP proteins were submitted to the Shapiro-Wilk normality
test, which showed heterogeneity (p <0.05) for OC and VEGF, and the non-parametric Kruskal-WIlis test was applied. Results
were homogeneous (p> 0.05) for TRAP, where analysis of variance - ANOVA 1 factor was applied. Sigmaplot version 12.0
(Systat Software Inc, San Jose, California, United States of America) was used for all tests, with a significance level of 5%.

3. Results

The histomorphological pattern of the stained blades was evaluated in HE, where it was possible to observe a bone
neoformation process in the three groups, as shown in Figure 4. In group A, a pattern of thick bone trabeculae in a larger amount
than the other groups was observed (Figure 4). Still in this group, bone fragments were seen as characterized by the absence of
osteocytes in the gaps, being thus compatible with fragments of grafted bone (Figure 4A). In this group, areas of connective
tissue were also observed. In the AB group, the same pattern of bone neoformation was observed as in the previous group;
however, the trabeculae were thicker, characterizing a greater degree of maturity of the bone tissue. In group B, fine trabeculae
of well-organized mature bone were observed among the granules, characterized by the presence of osteocytes, as well as areas

of connective tissue (Figure 4).

Figure 4 — Bone neoformation process in the three groups hematoxylin and eosining staining in 100 um scale in optical

microscope analysis with a 25 X magnification objective. A. Group A. B. Group AB and C. Goup B.

Source: Authors.

The data obtained through the histomorphometric analysis allowed to quantify the percentage of bone neoformation in
each group studied (Figure 5). At least four cuts of each piece were evaluated, taking as reference the area above the interface

line between the residual bone and the grafted area.
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Figure 5 — Immunohistochemical analysis with an antibody to osteocalcin. A. Group A 25 X; B. Group AB 40 X; C. Group B
25 X; MEC: extracellular matrix; OB. Osteoblast; OT. Osteocyte.

Source: Authors.

When performing the statistics of the data collected in the histometry, these pointed to statistical differences in the one-
way ANOVA test (p = 0.002). To determine the difference between groups, the Tukey's range test was applied, indicating a

statistically significant difference in the comparison of group A with group B, and group A with group AB (p = 0.001 each).
Statistical data are shown in Table 3.

Table 3 - Statistical analysis results of histomorfometric data.

Groups N Average * standard deviation P(ANOVA) p(Tukey)
A 15 48.96 + 25.6 A - BAp=0-01ab
AB 11 29.00+4.71 0,002 BA-B=ns
B 12 32.26 £6.02 B-A=001la
p<0.05

ns= no significant difference

a= Statistically difference between groups B e A
b= Statistically difference between groups BAe A
Source: Authors.

The representation of the group A, AB and B scores of the immunoblots of the OC, VEGF and TRAP proteins can be
found in Table 4.
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Table 4 - Representative scores of imunoistochemical analysis of the three assessed groups.

Autogenous bone BioOss + autogenous BioOss
ocC 3 2-3 3
VEGF 2-3 2 3
TRAP 2 2-3 2

Source: Authors.

In general, immunostaining for OC was intense (3) in groups A and B, and ranged from moderate to severe (2-3) in
group AB. For VEGF, immunoblotting was intense in group B, moderate in group AB, and ranged from moderate to severe in
group A. For TRAP, immunolabeling was moderate in groups A and B, and ranged from moderate to severe in group AB.

Statistically speaking, no statistically significant differences were observed in the comparison between the experimental
groups (A, B and AB), as well as the analyzed proteins (OC: p = 0.657; VEGF: p = 0.133; TRAP: p = 0.163).

Figures 5, 6 and 7 demonstrate the photomicrographs of the immunolabels of both groups, suggesting calcification,
revascularization and bone resorption.

Figure 6 — Immunohistochemical analysis with an antibody to VEGF. A. Group A 40 X; B. Group AB 25 X; C. Group B 40 X;
OB. Osteoblast; OT. Osteocyte.

Source: Authors.
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Figure 7 — Immunohistochemical analysis with an antibody to TRAP. A. Group A 25 X; B. Group AB 25 X; C. Group B 25 X;
OB. Osteoblast; OT. Osteocyte.

Source: Authors.

The biological interaction between the bone-biomaterial interface is essential for long-term clinical success. Bone
neoformation in contact with Bio-Oss® particles has been reported in different studies (Ewers, 1999; Orsini et al. 2005;
Pettinicchio et al. 2012), corroborating the findings of this study, wherein there was new bone formation around the particles, in
addition to a higher percentage of bone neoformation in group B (32.26%) when compared to group AB group (29%), although
no statistical difference was found in the comparison between these two groups.

It was observed and it is important to note that the bone neoformation immediately above the receptor / graft bed
interface is higher in the 3 groups, decreasing as it approaches the Schneider membrane. The bone trabeculae in group ABwere
smaller when compared to those in group B, which can be explained by the presence of autogenous bone particles that exert their
osteogenic, osteoinductive and osteoconductive potential, by the transplantation of vital cells. At the same time, we believe that
lower rates of bone neoformation were found in group AB due to the mixture with the biomaterial that does not favor the survival
of the more apical cells, isolating them from the vascular nutritive bed.

In a histological analysis, as well as in immunohistochemistry, after 6 months postoperatively, it was possible to observe
the presence of Bio-Oss® granules in direct contact with neoformed bone. Bio-Oss® granules are gradually reabsorbed by
osteoclastose, and neoformed bone (Zaffe, 2005) is then deposited. Bio-Oss® microstructure is believed to favor the deposition
of proteins that benefit bone neoformation on the surface of the biomaterial, especially some growth factors, and bone matrix

proteins can infiltrate the surface layer of the biomaterial and bind to the hydroxyapatite thereof (Tapety et al., 1983).

11


http://dx.doi.org/10.33448/rsd-v10i4.14143

Research, Society and Development, v. 10, n. 4, e48010414143, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i4.14143

4. Discussion

One of the greatest obstacle to a proper implant and prosthetic rehabilitation is and remains the necessity of adequate
bone support. The increase of the maxillary sinus floor using the lateral window technique was the method selected because it
is the most commonly applied for this purpose and for having high survival rates of implants and prostheses. A recent meta-
analysis of lateral approach and trans-alveolar vessels concluded that maxillary sinus elevation is a predictable treatment method
demonstrating high survival rates, with few complications (Pjetursson, 2008).

Autogenous bone shows osteogenic, osteoinductive and osteoconductive properties and has, therefore, long been
considered the material of choice for sinus augmentations. Because of its main disadvantages such as limited availability and
donor site morbidity besides of variable resorption, various alternatives are used to substitute autogenous bone. Though bone
graft materials give only few osteoinductive potential, they may act as a scaffold for bone growth. The ideal resorbable bone
replacement should have biomechanical properties similar to the autogenous bone at the time of implantation, and should be
remodeled in new bone (Beretta et al., 2012).

This fact corresponds to that observed in this study, since, at the end of 6 months, the presence of neoformed bone was
observed along with the presence of still remaining xenograft granules. In both groups tested was possible to obtain sactisfactory
results during the installation of the implants, considering the technique and the primary stability of the implants.

The osteoconductive potential of bone substitutes is regularly evaluated in humans by measuring the quality and quantity
of newly formed bone in the area under investigation. Such evaluations are performed using radiography and / or a biopsy made
from the grafted sinus at the end of the repair process, which in most cases extends to 6 months (Srouji et al., 2012; Zhang et al.,
2012). For this reason, the sample was collected after 6 months, but this prolonged interval between treatment and evaluation of
its effectiveness makes it difficult to compare the detailed and potential bone formation process of the various substitutes in
question during the waiting period, the result of which was only possible to observe at the end of such period.

The autogenous bone graft, added to the biomaterial, promotes the addition of osteoinductive characteristics capable of
improving the quality of the grafted bone graft (Artzi et al., 2004; Rickert et al., 2012). The use of deproteinized bovine bone in
combination with the autogenous bone offers many advantages. First, it allows the volume of the graft to be increased
considerably, avoiding the need to collect large amounts of autogenous bone. Second, the osteoconductive properties of bovine
bone act as a framework that is essential for bone remodeling. Third, bovine bone is a calcium-deficient apatite carbonate with
a crystal size of about 10 nm, making its reabsorption considerably slower, maintaining the volume of the graft during the waiting
period (Galindo-Moreno, 2007),

Complete replacement of autogenous bone by bone substitutes was evaluated in many studies. Jensen et al., 2012;
Maridati et al., 2014 carried out two systematic reviews whose objective was to test the hypothesis that no difference exists in
the result of treatment with implants when using Bio-Oss® pure or Bio-Oss® associated with the autogenous bone and is thus
used as a graft for the increase of the floor of the maxillary sinus using the side window technique. They found that the volumetric
stability of the graft improved significantly with increasing ratio of Bio-Oss®. Bone Regeneration, bone-implant contact,
biomechanical values under test with the implant, and biodegradation of Bio-Oss® after a maxillary sinus lift with Bio-Oss® or
Bio-Oss® mixed with autogenous bone were never compared within the same study in animals. Thus, the hypothesis that there
was no difference between the use of Bio-Oss® and Bio-Oss® associated with the autogenous bone as a graft for maxillary sinus
elevation could not be confirmed or rejected based on animal studies to date (Raja, 2009; Beretta et al., 2012) . In this study, it
was observed that there were no significant differences in bone formation when comparing groups AB and B, and it was not

possible to affirm the superiority of one type of graft in relation to the other.
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Autogenous bone is confirmed as an ideal graft for bone reconstruction, as it shows the highest percentage of bone
neoformation in relation to the use of Bio-Oss® or its association with it (Schmitt, 2012). This was confirmed by the ANOVA
statistical test, (p = 0.002) and Tukey’s range test in the comparisons between the groups.

Osteocalcin is a non-collagenous bone matrix protein. It is synthesized by fully differentiated osteoblasts and has
specific properties in bone mineralization. It is considered a known marker of viability, differentiation and osteogenic capacity
in these cells. Osteocalcin is associated with bone turnover when reabsorption and formation are occurring simultaneously
(Hawthorne et al., 2012) In this research, immunohistochemical markers for this protein demonstrate that in all groups studied
there was intense osteocalcin activity, evidencing that even after the 6-month period, activity in relation to bone formation and
mineralization persisted.

Migration and cell differentiation in the healing tissue only occur if sufficient vascularization is present. Especially in
bone tissue, an intimate relationship exists between blood vessels and bone cells. VEGF is involved in angiogenesis, that is, it
stimulates the proliferation of new capillaries from existing blood vessels, a common situation under repair conditions (De Souza-
Nunes et al., 2009). The results obtained in this research show that there is activation of the mechanism of angiogenesis and
formation of osteoblasts. VEGF stimulates the formation of capillaries from those already existing in the recipient bed, and is
thus extremely important in the course of bone repair.

The TRAP enzyme is secreted by the osteoclasts during the process of bone resorption. The TRAP activity was weak
to moderate in the markings performed in all groups, confirming that osteoclastic activity is present in the material, but not
intensely due to the maturation period of the graft. These events were probably made possible by the osteoconductive properties

of the biomaterial related to its porous microstructure, as seen with autogenous bone.

5. Conclusions

From the results obtained in this study, it may be concluded that:

- Autogenous bone offers a higher rate of bone formation, as does its association with Bio-Oss®.

- Bio-Oss® affords the expression of the osteocalcin, TRAP and VEGF proteins, resulting in osseous calcification,
remodeling and revascularization.

- The use of Bio-Oss® for maxillary sinus lift through lateral window technique results in bone repair. However,
reabsorption of the material was not evident. Other long-term studies are needed to determine whether Bio-Oss® can be
completely resorbed.

- Predictable bone formation becomes possible when Bio-Oss® is used as the osteoconductor. This finding is supported
by clinical and histological evidence.

- Future studies should associate pre and post-operative control through computed tomography so that the amount and

volume of bone neoformation needed in rehabilitation with implants can be more accurately measured.
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