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A gravidade explica os movimentos dos planetas, mas nao
pode explicar quem colocou os planetas em movimento. Deus
governa todas as coisas e sabe tudo que é ou que pode ser
feito (Isaac Newton).
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RESUMO

A utilizac&do de enxertos para elevacao do seio maxilar (ESM) proporciona um reparo
0sseo com previsibilidade, no entanto, estudos sobre a estabilidade dimensional
destes enxertos sdo escassos na literatura. Este estudo avaliou por meio da
tomografia computadorizada de feixes conicos (CBCT), o comportamento
dimensional dos biomateriais Bio-Oss® Small e OsteoGen® apds elevagdo do
assoalho do seio maxilar. A metodologia proposta avaliou a variacdo volumétrica dos
biomateriais por meio de imagens tomograficas obtidas nos periodos pré-cirirgicos
(TO), 15 dias de pés-operatorio (T1) e 180 dias de pds-operatorio (T2); analisadas
por meio do software Osirix MD Imaging 6.5 (Pixmeo Genebra, Suica). A amostra
consistiu-se de 10 pacientes (20 seios maxilares) com necessidade de enxerto
0sseo bilateral, com distribuicdo aleatéria dos biomateriais em modelo de boca
dividida. Para avaliacédo estatistica foi utilizado o teste de Kolmogorov-Smirnov, que
provou distribuicdo normal da amostra e o teste t de Student para analise das
alteraces volumétricas entre os enxertos e os diferentes periodos de estudo. Como
resultado observou-se que para ambos os biomateriais, o volume do enxerto em T2
foi significativamente (p <0,05) menor do que em T1. A variacdo de volume do
enxerto entre T2 e T1 foi maior para o OsteoGen® que para o Bio-Oss® Small, sem
diferenca estatisticamente significativa (p= 0,138). Pode-se afirmar que os dois
biomateriais utilizados, Bio-Oss® Small e OsteoGen®, exibiram mudancas
significativas na estabilidade dimensional em 180 dias apds a cirurgia. No entanto,
qgquando comparados entre si em relacdo a alteracdo volumétrica, ndo houve

diferencas significativas.

Palavras-chave: Elevacdo de seio maxilar. Substitutos &ésseos. Biomateriais.

Alteracdes volumétricas.






ABSTRACT

The use of grafts in maxillary sinus elevation provides a bone repair with
predictability. However, dimensional graft changes are few data in the literature. This
study evaluated the dimensional behavior of the biomaterials Bio-Oss® Small and
OsteoGen® after maxillary sinus floor elevation, based on the characteristics and
advantages of the bone substitutes, by cone beam computed tomography (CBCT)
analysis. The proposed methodology evaluated the volumetric variation of
biomaterials through tomographic images obtained in the preoperative period (T0),
15 days after surgery (T1) and 180 days postoperatively (T2); and analyzed it using
the OsiriX software 6.5 Imaging (Pixmeo Geneva, Switzerland). The sample
consisted up of 5 patients (10 maxillary sinuses) requiring bilateral bone graft, with
random distribution of biomaterials in split-mouth model. For statistical analysis we
used the Kolmogorov-Smirnov test, which proved normal distribution of the sample
and the Student t test for analysis of volumetric changes between the grafts in
different times. As a result it was observed that for both biomaterials, the graft volume
of T2 was significantly (p <0.05) lower than T1. The volume change of the graft
between T2 and T1 was higher for OsteoGen® that for Bio-Oss® Small but
statistically significant (p= 0,138). It can be said that the two biomaterials used Bio-
Oss® Small and OsteoGen®, exhibited significant changes in dimensional stability at
180 days after surgery. However, when compared with each other in relation to the

volume change, there were no significant differences.

Keywords: Maxillary sinus lifting. Bone substitutes. Biomaterials. Volumetric
changes.
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1 INTRODUCAO

A regido posterior da maxila compreende os dentes pré-molares e molares
que apresentam uma intima relacdo com o seio maxilar (JEMT; LEKHOLM; ADELL,
1989; ADELL et al., 1990). Pacientes edéntulos nessa area possuem volume 0sseo
insuficiente causado pela pneumatizacdo do seio maxilar e reabsorcdo da crista
0ssea, com uma reducédo volumétrica final entre 3-5mm, o0 que incapacita a insercéo
de implantes dentérios convencionais (PIATTELLI et al., 1999; KAHNBERG;
WALLSTROM; RASMUSSON, 2011).

A técnica de elevacdo da membrana do seio maxilar (ESM) proposta por
Tatum em 1977 e publicada por Boyne e James (1980), consiste na preparacdo de
uma janela na parede lateral do seio maxilar, criando uma cavidade a ser preenchida
pelo material de eleicdo para o ganho de volume Gsseo.

Recentes estudos da implantodontia sdo focados em como avaliar o
tratamento desses pacientes (CANNIZZARO et al.,, 2009; COSSO et al., 2014;
FAVATO et al., 2015).

Materiais propostos para o enxerto em ESM sdo autdgenos, aldgenos,
xendgenos e aloplasticos (PIATTELLI et al., 1999; CHIAPASCO; CRICCHIO;
LUNDGREN, 2003; SCHLEGEL et al., 2003; ZANIBONI; BOISCO, 2006; CHAVES et
al., 2012). O enxerto autdbgeno permanece considerado como padrdo ouro, ideal
pelo fato de sua remodelacdo acontecer sem resisténcia imunoldgica, porém
restricbes ao seu uso devem ser enfatizadas como a morbidade de uma segunda
area cirargica, assim como seu grau de contracdo e reabsorcdo (PIATTELLI et al.,
1999; SCHLEGEL et al., 2003, COSSO et al., 2014).

Os substitutos 6sseos organicos e os biomateriais sintéticos sdo 0os mais
investigados, entre eles destacam-se a ceramica de fosfato de calcio e a
hidroxiapatita de origem bovina (HAMMERLE et al.,, 2008; KNABE et al., 2008).
Estes biomateriais devem apresentar as caracteristicas de biocompatibilidade,
serem substituidos pelo tecido 6sseo formado e possuir qualidades osteoindutivas
ou osteocondutivas (JENSEN et al.,1996).

Materiais ceramicos tém sido muito utilizados na reparacdo 6ssea de areas
maxilo-mandibulares com consideravel reabsorcdo Oéssea. Sao constituidos
principalmente de fosfato, carbonato ou sulfato de célcio. Devido a instabilidade de

algumas dessas particulas o espaco entre as mesmas pode ndo ser preenchido por
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0sso viavel. Estudos recentes sobre a estabilidade de diferentes materiais relataram
gue quanto maior for o osso residual maior a taxa de sucesso nos procedimentos de
ESM (JARAMILLO et al., 2010; FAVATO et al., 2015)

Nesse contexto estudos que proporcionem o0 maior conhecimento das
propriedades e caracteristicas clinicas e imaginoldégicas dos substitutos 6sseos nos

procedimentos de enxertos para ESM sé@o necessarios.
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar por meio de tomografias computadorizadas de feixes coOnicos, a
estabilidade dimensional volumétrica dos biomateriais Bio-Oss® Small e OsteoGen®

na elevacdo do assoalho do seio maxilar.

2.2 Objetivo especifico

Avaliar a alteracdo dimensional do volume inicial e final em um periodo de
seis meses pos-operatorio, dos biomateriais Bio-Oss® Small (0.25 — 1mm) e
OsteoGen® utilizados como enxertos na elevagao do assoalho do seio maxilar, por

meio de imagens tomograficas computadorizadas cone beam.
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3 ARTIGOS

3.1 Artigo Cientifico 1

Clinical and CT evaluation of the maxillary sinus elevation using two
hydroxyapatites: xenogenous (Bio-Oss ® Small) and Synthetic (OsteoGen®) —

Literature Review and case report

Artigo formatado de acordo com as normas de publicacdo da Journal of
Case Reports in Dentistry (Qualis B3).

Endereco eletrénico: http://www.hindawi.com/journals/crid/guidelines/
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Abstract

The rehabilitation of the posterior region of the edentulous maxilla is a
challenge in implantology. The aim of this study was to evaluate the volumetric
dimensional stability of the biomaterials Bio-Oss ® Small (Geistlich, Wolhusen,
Switzerland) and Osteogen® (Intra-lock®System) as graft materials after the
maxillary sinus lift surgery (SLS) in a clinical case of split-mouth. The proposed
methodology evaluated the volumetric change of grafts performed by cone beam
tomographic images in the pre-surgical trial periods (T0O), 15 days after surgery (T1)
and 180 postoperative days (T2). As a clinical outcome, a raise of 12.07mm height of
bone on the right side was observed, and 15 mm on the left side, as well as a
volume, of 1.38 cm3 on the right side and 2,25 cm3 on the left side, which enabled
planning for installation implants. Fifteen days after surgery, the initial volume was
2.57 cm3, and within 180 days after, 2.25 cm3 using 1.5 g Bio-Oss ® Small. The
initial volume of Osteogen® obtained was 2.01 cm3, and the final 1.38 cm3 with the
use of 3g. Bio-Oss ® Small graft material showed a volumetric change of 12.45%,
while the Osteogen® biomaterial showed a change of 31.34%. It was concluded that
the two materials can be used similarly in the practice of SLS, and, after six months,
both brought sufficient bone volume and vertical height for the installation of dental
implants, although the contraction of 18.89% Osteogen® was higher than that of the
Bio-Oss ® Small. Longitudinal studies may be conducted to evaluate the impact of
stability in implant placement.

Keywords: Maxillary sinus lift. Bone substitutes. Biomaterials. Volumetric

changes.
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1. Introducéo

The absence of bone architecture that favors the installation of implants in the
posterior maxilla is a challenge in implantology. It is often necessary to use bone
grafts before a rehabilitation with implants in cases of pneumatization of the maxillary

sinus and atrophy of the alveolar ridge [1].

Boyne and James [2] described a technique consisting of carrying out a bone
window at the side wall of the maxillary sinus, with elevation of the Schneider
membrane, then creation of a cavity to be filled with the material of choice for
increasing bone volume [3]. As the most widely used technique for increasing
available bone at the posterior maxillary, SLS can be associated with a wide variety

of graft materials such as autograft, heterogeneous, xenogeneic and alloplastic [4].

The autogenous bone graft, considered the gold standard, is rich in cells and
growth factors and features great osteoinductive and osteoconductive properties [5].
Furthermore, it has no immunogenic reaction or revascularization. New bone
formation occurs within three to four months. [6]. However, it involves a second
surgical site, which increases postoperative morbidity [7,8] and can display a large
shrinkage and resorption over time [6,9].

Inorganic bone substitutes and synthetic biomaterials are the most frequently
investigated, especially hydroxyapatite (HA) of bovine origin and calcium phosphate
ceramics [10,11]. These biomaterials ought to present biocompatibility
characteristics, being replaced by formed bone tissue and presenting osteoinductive

and / or osteoconductive qualities [12].

This study aims to examine the use of xenogeneic bovine graft Bio-Oss ®
Small and alloplastic graft Osteogen® in a split-mouth model after SLS, as well as
their characteristics relating to volume stability over a period of 180 days, with a

literature review and a case report.
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2. Literature Review
2.1 Hydroxyapatite xenogenous Bio-Oss®

Bio-Oss ® (Geistlich, Wolhusen, Switzerland) is characterized by being a no
protein bovine bone, sterilized with 75% to 80% porosity, approximately 10 nm
diameter. Consisting of crystals cortical and cancellous granules form or cortical and
cancellous block shape [12]. This biomaterial has demonstrated high biocompatibility
with oral tissue in animals and humans, and meets the criterion of being

osteoconductive [13].

Hislop [14] evaluated the use of inorganic bone (Bio-Oss ®) in other
applications such as Maxillofacial Surgery, to promote the union of fractures and to
repair defects caused by fracture or removal of cysts and orthognathic surgery. They
concluded that the material may be used as an excellent interpositional graft, and
that the elimination of surgery for removal of autogenous bone block reduces

morbidity of the patients.

Piattelli et al. [7] conducted a study employing histological analysis of
specimens obtained from maxillary sinus patients who underwent SLS technique with
biomaterial Bio-Oss ®. The specimens were obtained in follow-up between 6 months
and 4 years post procedure. They concluded that the material had high
biocompatibility and ostocondutibilidade, as well as low absorption in humans, such

that it can be perfectly used in surgery as a substitute material after SLS.

Mordenfeld et al. [15] performed a histologic and histomorphometric study to
evaluate long-term tissue response after the completion of SLS using Bio-Oss ®
Small mixed with autogenous bone as grafts. Specimens from the same patients
were obtained in follow-up between 6 months and 11 years to evaluate possible
resorption. The researchers observed intact presence of the biomaterial used in the

period up to 11 years, with minimal resorption during the study period.

Schlegel et al. [8] proposed a study to compare the use of Bio-Oss ® and
autogenous bone as grafts after SLS performed in beagle dogs, sacrificed after 90
and 180 days for histological exam. The authors concluded that the biomaterial can
be used for induction of increased bone volume when there is no need for a full

regeneration of the bone area, but the use thereof promotes a slow reabsorption.
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Chackartchi et al. [16] compared bone formation after SLS with grafts of
bovine bone of different granulations--small (0:25 - 1 mm) and large (1 - 2mm)--
clinically, histologically and volumetrically in humans. The authors concluded that in
the clinical and histological follow-up examinations, there was no significant
difference in the results. The two granulations served their purpose. The use of one

or another material is simply a professional choice.

Testori et al. [17] proposed a study to compare histology of bone tissue formed
after SLS. Bilateral surgery was performed on one sinus with Bio-Oss ®Large and
Bio-Oss ® Small. After 6 to 8 months, specimens were obtained for histologic
evaluation. The authors reaffirmed the osteoconductive properties of the material in
guestion, and that the use of Bio-Oss ® Large showed a significant increase in the

formation of bone tissue.

Cosso et al. [9] evaluated the dimensional graft changes measured by
multislice CT after SLS, either with autogenous bone or autogenous bone and
hydroxyapatite (HA) mixed, in 10 patients. We used split-mouth methodology to
select the patients as follows: control group (CG n = 10 sinuses grafted with
autogenous bone) and test group (TG, n = 10 sinuses grafted with HA and
autogenous bone mixed to 80:20 w / w). The volumetric dimensional changes of the
groups were measured by computed tomography (CT) with 15- and 180-days follow-
up by two calibrated examiners.

Both groups showed significant dimensional changes after 180 days (p <0.05).
The reduced volume in the test group was lower (25.87%) than in the control group
(42.30%) (P <0.05). Both graft materials contributed to an increase in bone volume
capacity for installation of dental implants. Furthermore, in 180 days follow -p on the
mixture of HA and autogenous bone grafts demonstrated lower absorption and higher

dimensional stability when compared to the autogenous bone graft features.

Jensen et al. [18] proposed a study to evaluate the stability of the implants
after the SLS using deproteinized bovine bone mineral available in two particle sizes,
large and small. They concluded that predictability of the two materials is equal to the

SLS technique followed by immediate implant placement.
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2.2 Hydroxyapatite Synthetic Osteogen®

Osteogen® is a hydroxyapatite (HA) synthetic, produced in the USA by Intra-
Lock® System, which demonstrates slow resorption and is not a ceramic that has
osteoconductive properties. The crystalline organization is similar to human bone
mineralization in that it does not contain inhibitors such as tricalcium phosphate or
pyrophosphate, which are found in the HA ceramics. It consists of elongated crystals
attached to a central core. This macrostructure gives it great hydrophilicity and
contact surface, facilitating the absorption of extracellular matrix molecules, recruiting

osteoprogenitor cells and demonstrating subsequent bone formation [19].

HA ceramic beads are different from crystals of bone and Osteogen®, as
evidenced by infrared spectroscopy and diffraction X-rays [20]. The Osteogen® HA
crystals are not synthesized at the high temperatures associated with ceramic. Thus,
the material does not lose its natural state [Ca 5 (PO 4) 3 {OH)] and maintains its

physical and chemical properties similar to human cancellous bone [21,22].

Ricci et al. [23] observed, after twelve weeks of Osteogen® implantation in
tibias dogs, intense osteogenic and osteoconductive activity. Whittaker et al. [24]
obtained biopsies in grafts within human jawbone with Osteogen® after 6 months,

and also observed bone formation around the biomaterial particles.

Valenzuela et al. [19] conducted a study in which bone defects in the alveolar
process were treated with bone graft HA not ceramic (Osteogen®) after debridement
and exposure of the bone defect. Biopsies were performed at 6 and 12 months, as
well as histological sections for observation under optical and electronic microscopy.
Trabeculae of cancellous bone surrounding Osteogen® particles was observed, and
among them and on the root surface, a fibrous connective tissue. At twelve month

follow-up, most implanted particles appeared immersed in lamellar bone tissue.

Artzi et al. [25] reported a clinical study in which Osteogen® was structurally
and biologically equivalent to the human bone, and in which the three-dimensional
configuration of it (crystal conglomerates) offered more space between particles
compared to the ceramic. These spaces facilitate cell and tissue proliferation in the

graft material, thus enhancing osseointegration.
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Manso et al. [26] evaluated, by clinical parameters and images, the long-term
predictability of dental implants that were placed in simultaneous approaches after
SLS in posterior regions of atrophic maxillas, using resorbable synthetic graft
bioactive and autogenous bone graft. All patients were surgically treated by the same
surgeon and received the same technical protocol: graft composed of modified
autogenous bone and synthetic bioactive resorbable graft (Osteogen®, Implant,
Holliswood, NY).

A total of 160 implants were placed into 57 maxillary sinus of 45 patients (16
men, 29 women). Six months was the minimum time before examination in order to
ensure the reactivity of bone tissue. All patients were observed during an average
period of 61.7 months (range of 20-132 months) using clinical and radiographic
features. The rates of survival and success were 98.05% and 94.85%, respectively. It
was concluded that the resorption of advanced rear maxilla with expansion of the
maxillary sinus can be safely handled by the SLS approach and simultaneous

insertion of the implant using the protocol technical and biomaterials studied.
2.3 Comparative studies Bio-Oss® Osteogen®

Santos et al. [27] evaluated the tissue reaction of two different HA (synthetic
and natural) and bioactive glass when implanted in dogs after dental extraction. The
first and third upper and lower molars were extracted, on both sides, in six dogs -
females. The dental alveolus were randomly divided into four groups: Group 1 -
control (not filled), Group 2 - filled with synthetic hydroxyapatite, Group 3 - filled with
bovine HA (natural), and Group 4 - filled with bioactive glass. The animals were

sacrificed at 4 weeks (n = 2), 8 weeks (n = 2) and 28 weeks (n = 2) after extraction.

The jaw and maxilla of each animal were removed for histological analysis to
determine soft tissue reactions, bone neoformation, bone characteristics, and the
presence or absence of implanted materials. Most synthetic HA particles
demonstrated bone formation on their surfaces, although some particles showed a
layer of fibrous connective tissue. The group filled with bovine bone mineral showed
portions partially replaced with bone formation. The group filled with bioactive glass

showed particles with a thin layer of calcified tissue, but it was absent in some
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samples, suggesting complete reabsorption. The bovine HA, in relation to synthetic
HA and bioactive glass, demonstrated a greater number of particles covered with
bone tissue. All biomaterials interfered with the tissue repair process. Biomaterials

exhibit similar behavior.

The use of grafts for SLS provides a predictive biological repair process;
however, from the point of view of dimensions, there is still no consistent data in the

literature.

Based on the reported characteristics and advantages of bone substitutes, this
study investigates the dimensional behavior of Bio-Oss® Small and OsteoGen®

biomaterials in maxillary sinus floor elevation.
3. Clinical Case Report

Patient, 52 years old, female, visited the Professional Master in Implant
Dentistry of the Pontifical Catholic University of Minas Gerais for rehabilitation with
the use of dental implants. In the evaluation of Computed Tomography of Cone
Beams, severe posterior bone loss was diagnosed (Figure 1), and pneumatization of
the maxillary sinus bilaterally and ESM surgery were indicated. The patient was
introduced in a prospective study, and split-mouth model was used to compare two
Bio-Oss® Small and OsteoGen® biomaterials, used as ESM grafts. A free and
informed consent form informing her of the risks and benefits, authorization and

release, of the documentation of the surgical procedure was signed.

Figure 1: Right maxillary sinus - Left maxillary sinus - axial section
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3.1 Surgical protocol

a)

b)

d)

Commercial local anesthesia (2% lidocaine with 1:100,000 epinephrine)
was administered at an appropriate dose to produce an adequate
anesthetic depth. As a prophylactic measure, all patients received 875mg
of amoxicillin and potassium clavulanate 1 hour before surgery as well as
7 days postoperatively. In order to manage postoperative edema, patients
received a 4 mg dose of dexamethasone 12 hours prior to the procedure,
another dose of 4 mg 1 hour before and one last dose of 4 mg 12 hours
after the procedure;

After anesthesia of the posterior superior alveolar nerve, middle superior
alveolar nerve and greater palatine nerve, the region of the maxillary sinus
was accessed by making an incision in the top of the crest of the alveolar
ridge. Prior relaxing incisions were made in the lateral incisor and later in
the maxillary tuber. As a result, a mucoperiosteal flap was obtained and
laterally removed. It was fixed by means of sutures at the base of the
buccal flap to expose the lateral wall of the maxillary sinus. According to
the procedure used (BOYNE; James, 1980), this type of surgical incision
meets all the basic principles of oral surgery by appropriately exposing the
area to be grafted; [2];

Osteotomy of the lateral wall of the maxillary sinus to be grafted using the
technique known as Caldwell luc, consists of creating a rectangular
window with rounded corners. Its size differs according to the size of the
maxillary sinus. This technique should be performed utilizing a round
diamond No. 8 bur at low speed with copious saline irrigation. As a result
of this, part of the Schneider membrane is exposed;

Detachment and careful elevation of Schneider membrane was performed
by carefully separating from the inner cortical surface of the maxillary sinus
by using a series of specific instruments for this procedure, starting at the
bottom wall of the cavity and extending to the anterior, medial and
posterior until the planned height is reached. After the osteotomy, the bone
portion of the lateral wall that is adhered in the sinus membrane is

removed and used as autologous filler material;
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e) Protect the side wall of the maxillary sinus by using Bio-Oss® Small to fill
the maxillary sinus and resorbable membrane Surgidry;

f) The surgical flap is repositioned and sutured with nylon 5.0, a suture
without tension;

g) The procedure is repeated on the opposite side of the maxillary sinus, but

the graft material used is OsteoGen®.

2.5g of OsteoGen® was used in the right maxillary sinus; 2g of Bio Oss
Small® was used in the collateral region; there were no intercurrences during the

surgical procedure or post surgically(Figures 2 and 3).

Figure 2: Exposure of the lateral wall of the maxillary sinus and osteotomy of

the lateral wall of the maxillary sinus Schneider membrane elevation.

Figure 3: Filling with biomaterial and positioning of the collagen membrane on

the graft.

Three CT scans were performed, initially (TO), 15 days after the surgical
procedure (T1) and 180 days after (T2) (Figures 4 and 5).
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Figure 4: Right side maxillary sinus with OsteoGen® 15 days postoperatively.

Figure 5: Left-side maxillary sinus with Bio-Oss® Small 15 days

postoperatively.

Clinically, no intercurrence was observed in the biomaterials used. An increase
in bone volume was observed, with a height of 12.07 mm on the right side and 15
mm on the left, as well as volume of 1.38 cm3 on the right side and 2.25 cm3 on the
left side, which made it possible to plan for implant installation.
The evaluation of the volumetric change, as well as the amount of Bio-Oss® Small

and OsteoGen® biomaterials, are described in Table 1.
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Table 1: Evaluation of volumetric change of biomaterials

Amount of Volume Volume Volumetric change
Material (g) cm?® cm?® %
15 180
days days
Left Side 15 2,57 2,25 12,45
(Bio-Oss®
Small)
Right Side 3 2,01 1,38 31,34
(OsteoGen®)

5. Discussion

The present study reported a clinical case of the ESM surgical technique using
Bio-Oss® Small in the right maxillary sinus and OsteoGen® in the left sinus. The
evaluation of the volumetric alteration of biomaterials was obtained 180 days after
surgery. The volume change was 12.45% for Bio Oss® Small and 31.34% for
OsteoGen® in the left and right sinus, respectively. Even with this change and the
quantity of material, the patient could be rehabilitated through implants. In cases
where the pneumatization of the maxillary sinus is greatly exacerbated, a significant
amount of OsteoGen® may be required for there to be a gain in height and volume of
bone structure. Comparative studies of Bio-Oss® Small and OsteoGen® used in
ESM procedures have not yet been published in the literature. However, in a study by
Santos et al. [27], who evaluated the tissue reaction of two different HAs (synthetic -
OsteoGen® and natural - Bio-Oss®) and bioactive glass when implanted in dogs
shortly after the extraction, concluded that all biomaterials interfered with the tissue
repair process and presented similar behavior at the end of their bone repair.
Although many biomaterials are used for ESM procedures, the ideal material has not
yet been identified, but the vast majority of them have provided sufficient bone height
and volume for the installation of osseointegrative implants in the posterior maxilla
region. Another issue that could be addressed would be the cost. Bio-Oss® Small is
twice the cost of OsteoGen®, so opting for non-ceramic HA could represent an
economic advantage, mainly for the patient, but the necessary amount of

OsteoGen® to obtain a Similar volume to Bio-Oss® Small is greater as well.
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6. Conclusion

The two materials can be used as grafts in the practice of maxillary sinus floor

augmentation, and the procedures result in similar material behaviors. Six months

follow-up showed bone volume and sufficient vertical height for the installation of

dental implants, despite a 18.89% higher contraction of OsteoGen® compared to

Bio-Oss® Small. Longitudinal studies should be conducted to assess the impact of

this variability on the stability of the installation of the implants, as well as the

predictability.
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Abstract

Objective: This study evaluated the dimensional behavior of the biomaterials Bio-
Oss Small® and Osteogen® after sinus lift surgery (SLS). This is elevation of the

maxillary sinus floor, using computed tomography tapered beam (CTCB).

Methods: Ten patients (20 maxillary sinuses) with a bilateral bone graft with random
distribution of biomaterials in a split-mouth model were evaluated. The
measurements were performed with: tomographic images obtained in the
preoperative period (T0), and 15 days (T1) and 180 days postoperatively (T2). They
were analyzed using the OsiriX Imaging 6.5 software (Pixmeo Geneva, Switzerland).
The Kolmogorov-Smirnov test was used, which showed a proved normal distribution
in the sample. The Student’s t-test was used for analysis of volumetric changes

between the grafts and at different periods.

Results: With both biomaterials, the volume of the grafts in T2 was significantly lower than
in T1 for both biomaterials (p <0.05). The volume change of the graft between T2 and T1 was

higher for Osteogen® than for Bio-Oss ® Small, but not statistically significant.

Conclusion: Both biomaterials can be used to SLS once it was obtained, after 6
months, bone volume and sufficient vertical height for installing implants. Fewer Bio-
Oss ® Small was required to fill the same area compared to Osteogen®. Longitudinal
studies should be conducted to assess the impact of this change to the placement

and preservation implants.

Keywords: maxillary sinus lift, bone substitutes, biomaterials, volumetric changes
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Introduction

In cases of patients with this edentulous in the posterior regions of the maxilla,
there might be insufficient bone volume caused by pneumatization of the maxillary
sinus and bone resorption of the crest. Remaining bone <5 mm makes insertion
conventional dental implants impossible (Adell et al. 1990; Jemt et al. 1989; Piattelli
1999, Kahnberg et al. 2011, Gorla et al. 2015.).

Studies evaluating the options of grafts for maxillary sinus membrane
elevation (ESM) were proposed in the last decades trying to evaluate the behavior of
the bone grafts and of different biomaterials. (Piattelli 1999; Hallman et al. 2002;
Cricchio & Lundgren 2003; Schlegel et al. 2003; Chiapasco et al. 2006; Chaves et al.
2012; Yang et al. 2013; Cosso et al. 2014; Favato et al. 2015; Gorla et al. 2015; Wu
et al. 2016)

Inorganic bone substitutes and synthetic biomaterials are the most
investigated, foremost among them the hydroxyapatite (HA) of bovine origin and
calcium phosphate ceramics (Jensen et al. 1996; Hammerle et al. 2008; Knabe et al.
2008; Cannizzaro et al. 2009; Jaramillo et al. 2009; Cosso et al. 2014; Favato et al.
2015).

The use of grafts for maxillary sinus elevation provides a predictive biological
repair process, however, from the point of view of dimensional changes there is still

no consistent data in the literature

Material and Methods

The study was approved by the Ethics Committee, number CAAE

49796115.4.0000.5137.
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Panoramic radiographs were made of 50 patients for initial screening of
maxillary remaining bone crest availability. Patients that were smokers, or had
autoimmune diseases, diabetes mellitus, alcoholism, stress, active periodontal
diseases or diseases of the maxillary sinus were excluded. Patients with less than 5
mm of bone remaining between the crest of alveolar ridge and associative maxillary
sinus were included.

The final sample consisted of patients: two men and four women, aged
between 21 and 70 years. Computerized tomography (CBCT) was requested for all
patients for preoperative evaluation.

As a surgical and therapeutic protocol, the methodology described by Cosso
et al. (2014), except for the grafts, that by means of a random lottery and referenced
in a table to choose the biomaterial OsteoGen® or Bio-Oss® Small for ESM
procedure in the split-mouth model. At 15 and 180 days following the ESM surgery,
computerized tomography was performed to evaluate the volumetric changes. The
64-bit software OsirixMD® (Pixmeo, Geneva, Switzerland) was used for image
analysis. A single trained and calibrated radiologist manually delineated the graft
image using the program and automatically set all sagittal, axial, and coronal
sections of the image. The graft area was measured in all slices with a thickness of
0.25 mm and a distance of 1 mm between the slices. The graft area was
automatically calculated with OsiriXMD® software tool. The volume was calculated
automatically by the program, generating a geometric figure showing the total volume
of the graft (Figure 1). A new measurement and geometric image of the graft were
performed on the tomographic image 180 days following surgery, then compared to

the volume that was obtained 15 days postoperatively.
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)

Figure 1. Manual delimitation of the graft and geometric figure of the total

volume of the graft

The data were evaluated using the Kolmogorov-Smirnov normality test, which
showed a normal distribution. The paired t-test, with significance of 5%, was used to
evaluate and compare the changes in the volume of the OsteoGen® and Bio-Oss®
Small, biomaterials used in the grafts between T1 and T2. The analyses were
performed using Minitab Statistical Software 16.0 software (Minitab Inc. State

College, Pennsylvania).

Results

The mean graft volume in T2 was lower than in T1, demonstrating volumetric
reductions over the analyzed period. This difference is statistically significant,

according to table 1 (p <0.05).
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Table 1. Mean, standard deviation and mean deviation of graft volume
compared to T1 and T2

Mean
T1 T2 Deviation  Value (P)
Biomaterial
(T2-T1)
Mean SD* Mean SD*
Bio-Oss®
3,203 1,228 2,753 1,345 0,525 <0,05
Small
OsteoGen® 1,960 0,868 1,557 0,850 0,327 <0,05

* Standart Deviation

No statistically significant volumetric difference was found when the mean
volume changes were compared between grafts with Bio-Oss® Small and
OsteoGen® biomaterials (Table 2).

Table 2. Percentage ratio of the contraction of Bio-Oss® Small and
OsteoGen®

Bio-Oss® Small OsteoGen®
QUANTITY(g) CONTRACTION (%) QUANTITY (g) CONT(FEQ)‘)CT'ON

Patient 1 2 8,1 4 6,64
Patient 2 3 7,54 3 25

Patient 3 2 18,84 3 29,16
Patient 4 2,5 0,85 1,8 16,18
Patient 5 1 53,36 2 26,76
Patient 6 1,5 12,45 3 31,34

The graft volume variation (graft volume difference between T2 and T1) was
higher for OsteoGen® than for Bio-Oss® Small. However, this difference was not

statistically significant (p = 0,795; Table 3).
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Table 3. Paired t-test and comparison between biomaterials

Standard

Biomaterial Mean o Mean deviation Value (P)
deviation
Bio-Oss®
-0,450 0,343 0,140
Small 0,795 (n.s.)
OsteoGen® -0,403 0,216 0,088

P value obtained by paired T-test: Bio-Oss® Small VS OsteoGen®
N.s. = not significant

Discussion

For the prospective split-mouth experimental model, no studies comparing the
use of Bio-Oss® Small and OsteoGen® in maxillary sinus lift procedures were found
in the literature, but individual analyses of animal and human studies have been
considered in the discussion of these results.

In the present study, the choice of hydroxyapatites was based on the biological
behavior described by Santos et al. (2010), which evaluated the tissue reaction of
two different HAs (synthetic - OsteoGen® and natural - Bio-Oss®) through
histological analysis.They concluded that all biomaterials interfered with tissue repair
process and showed similar behavior in relation to bone formation.

Regarding the behavior of these biomaterials in maxillary sinus elevation, Ayna
et al. (2016) recently demonstrated that, after 14 years of preservation, the graft
region with residual Bio-Oss granules, interspersed with neo-formed bone tissue,
was observed by histological and micro-radiographic analysis. Thus, there is strong
evidence that the newly-formed bone was distributed throughout the bone substitute
material around all of its granules.

Numerous studies have evaluated the behavior of bovine HA in the maxillary
sinus using the LS surgical technique, determining that the biomaterial can be

perfectly used for induction of bone volume increase because it presents high
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biocompatibility and ostoconducibility. Piattelli et al. [7], Mordenfeld et al. [15]
Schlegel et al. [8] Chackartchi et al. [16], Testori et al. [17]

For the analysis of graft images after maxillary sinus elevation, we can
compare the results of the present study with those of Sbordone et al. [18] who
evaluated the long-term bone remodeling of autografts, particulate and block, over a
period of six years by means of computed tomography.

The volume and density of the grafts were compared over time by determining
a percentage of residual bone graft. There were no statistically significant differences
between the two groups, but the groups showed different behaviors in relation to
reabsorption, which was 39.2% for the particulate graft, and 21.5% for the graft in the
block. This suggests that the bone graft in block in the maxillary sinus elevation
produces better results in relation to the maintenance of the bone volume.

In the study by Cosso et al., the dimensional changes in grafts after SLS using
autogenous bone or a mixture of autogenous bone and hydroxyapatite (HA) was
compared with multi-slice CT scans over a period of 180 days. Both groups showed
significant dimensional changes after the 180-day period (p <0.05) and all graft
materials contributed with an increase in bone volume capacity for the installation of
osseointegrated implants. This is similar to the results obtained in the present study.

Gorla et al. (2015) compared the use of autogenous bone, beta-phosphate
tricalcium and a mixture of both in SLS procedures by computerized tomography of
conical beams (CTCB) by OsiriX software. The present study observed that b-TCP
can be used safely in the SLS, as shown by tomographic evaluation of the obtained
graft volume after six months of follow-up. It has the advantage of not requiring a

donor site, thus minimizing risks and avoiding greater morbidity. However, they
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suggested that studies using this methodology over a longer evaluation period,
should be made. Hstomorphometric and immunohistochemical studies should also
be conducted.

OsteoGen® granules (Intra-lock®System) are much smaller than Bio-Oss®
Small (Geistlich, Wolhusen, Switzerland). The granulometry of non-ceramic synthetic
HA ranges from 300-400 pym, whereas unprocessed bovine bone varies from 0.25 to
1 mm (Ohno et al. 2013). When setting up a study similar to ours, synthetic HA

OsteoGen® may be considered a disadvantage.

Table 4. Comparison between the quantity of biomaterial used and the initial

volume obtained

BIO-OSS SMALL OSTEOGEN
INITIAL QUANTITY INITIAL VOLUME INITIAL QUANTITY INITIAL VOLUME

C) (cm?®) C) (cm?®)
PATIENT 1 2 3,8 4 3,31
PATIENT 2 3 53 3 1,6
PATIENT 3 2 3,29 3 1,7
PATIENT 4 2,5 2,33 1,8 1,73
PATIENT 5 1 1,93 2 0,71
PATIENT 6 15 2,57 3 2,01

However, in the analysis of the cost of each biomaterial, there was no
difference, since Bio-Oss® Small is marketed at twice the cost of OsteoGen®.

No studies were found in the literature that correlate the amount of material
used with the percentages of graft contraction. Comparison can be very

advantageous when using such differing granulometry materials.
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In conclusion, the two materials can be used for SLS, because six months
post-operatively, a sufficient volume and bone height were obtained for the planning
and the installation of implants. However, the results showed a lower reabsorption
rate for the Bio-Oss ® Small, suggesting that it is more stable in relation to the
increase of bone volume in the SLS procedures, confirming findings in the literature.

Compared to OsteoGen®, a smaller amount of Bio-Oss® Small was required
to fill the same area.

There are no consistent data in the literature on the use of Osteogen® in
maxillary sinus floor elevation procedures. Based on the results and the previously
analyzed literature, there is a consensus that Bio-Oss® provides good safety and its
efficacy is reliable.

Longitudinal studies should be performed to evaluate the impact of the

volumetric reduction observed on each biomaterial in relation to implant placement.
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4 CONSIDERACOES FINAIS

O presente estudo avaliou a alteracdo dimensional do volume inicial e final em
um periodo de 6 meses, dos biomateriais Bio Oss Small® (0.25 - 1mm) e
OsteoGen® na elevacdo do assoalho do seio maxilar, por meio de tomografia
computadorizada cone beam.

Pode-se afirmar que os dois biomateriais utilizados, Bio-Oss® Small e
OsteoGen®, exibiram mudancgas significativas na estabilidade dimensional 180 dias
apos a cirurgia. No entanto, quando comparados entre si em relacdo a alteracédo
volumétrica, ndo houve diferencas estatisticamente significativas. Em conclusédo, os
dois materiais podem ser utilizados para a ESM uma vez que ap0s 6 meses havia
volume e altura Gssea vertical suficiente para a instalacdo de implantes dentarios.
Menor quantidade de Bio-Oss® Small foi necesséaria para preencher a mesma area
comparada ao OsteoGen®. Estudos longitudinais devem ser realizados para avaliar

0 impacto desta reducdo volumétrica na colocacédo dos implantes.
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biomateriais utilizados na técnica de Levantamento de Seio Maxilar. Sera realizado
esse procedimento nos dois seios maxilares onde sera inserido o biomaterial
escolhido através de sorteio aleatorio entre os lados direito e esquerdo. Os
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operatorias que dependem tanto do procedimento em si quanto do paciente. Para

minimizar estes riscos faz-se de suma importancia uma anamnese detalhada e um
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planejamento cirargico bem definido. Seguindo esses critérios 0s riscos s&o
minimizados. H& também o risco relativo ao resultado obtido. Embora os
biomateriais estudados estejam fundamentados no estado da arte atual, ainda ha a
necessidade de mais estudos longitudinais que garanta previsibilidade dos mesmos.
Sendo assim pode haver perda parcial ou total do enxerto em seio maxilar. Todos os
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destruido
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implantes osseointegraveis. Nessa perspectiva considera-se que este estudo tem
grande potencial de gerar bem estar qualidade de vida aos individuos participantes.
Do ponto de vista dos objetivos da pesquisa existe 0 beneficio da contribuicdo
cientifica em relacdo a técnica e biomateriais estudados. A participacdo na pesquisa
nao acarretard gasto para vocé, sendo totalmente gratuita. O conhecimento
adquirido com esta pesquisa podera beneficiar vocé, bem como outros seres

by

humanos, com informacbes e orientacOes futuras em relacdo a estabilidade
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dimensional dos biomateriais estudados na técnica de levantamento de seio maxilar.
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podendo tirar suas duvidas sobre o projeto e sua participagéo, agora ou a qualquer
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Pesquisador responsavel: Roberta Paula Colen Bustamante
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Este estudo foi aprovado pelo Comité de Etica em Pesquisa envolvendo Seres
Humanos da Pontificia Universidade Catdlica de Minas Gerais, coordenado pela
Prof.2 Cristiana Leite Carvalho, que podera ser contatado em caso de questdes
éticas, pelo telefone 3319-4517 ou e-mail cep.proppg@ pucminas.br.
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