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RESUMO

Quando n&o ha volume 6sseo suficiente na regido posterior da maxila, a
elevacdo da membrana do seio maxilar com a utilizagdo de enxertos 0sseos
pode permitir a instalacdo de implantes dentarios e a reabilitagdo do paciente.
Esse projeto de pesquisa buscou avaliar de maneira clinica, radiografica,
histologica e histomorfométrica a utilizagcado de dois materiais substitutos 6sseos,
Boneceramic e Bio-Oss, ou da ndo utilizagado de biomateriais, nas cirurgias de
levantamento da membrana do seio maxilar em humanos, com foco principal na
quantidade e qualidade do tecido neoformado na regido enxertada e nas
repercussdes clinica de possiveis diferengcas encontradas entre os biomateriais.
Para tal, foram avaliados 36 seios maxilares, tratados de forma aleat6ria com
cada um dos biomateriais citados, dando origem a um estudo clinico
randomizado controlado. O primeiro objetivo foi o de avaliar tomograficamente o
osso neoformado a partir de cirurgia de elevagéo do assoalho do seio maxilar
sem a utilizagdo de biomateriais, apenas com o coagulo sanguineo.
Demonstramos um ganho em altura, area e volume satisfatorios para a
reabilitagdo com implantes dentarios osseointegraveis.

O segundo e terceiro objetivo foram avaliar e comparar
histomorfometricamente e histologicamente o osso neoformado com dois
diferentes biomateriais, um xendgeno ( BioOss) e um sintético ( BoneCeramic),
além da néo utilizagdo de biomateriais. Demonstramos uma similaridade do
percentual de osso neoformado.

Palavras-chaves: Elevacdo do assoalho do seio maxilar; transplante ésseo;

teste de materiais, BioOss, Boneceramic.

ABSTRACT

Oral rehabilitation with osseointegrated dental implants can often be
limited in situations of insufficient bone. Several techniques are described in order
to restore an adequate amount of bone for the installation of dental implants. This
research evaluate clinical, radiographic, histological and histomorphometric, the



use of two bone substitute materials, Boneceramic and Bio-Oss, or the clot, in
maxillary sinus lift procedures. 36 maxillary sinuses were operated. For the first
objective Computed tomography scans were performed, in blood clot group,
preoperatively and 6 months postoperatively in order to measure bone height and
volume in both periods. We demonstrated a satisfactory gain in height, area and
volume for rehabilitation with osseointegrated dental implants. The second and
third objectives were to evaluate and compare histomorphometrically and
histologically the newly formed bone with two different biomaterials, one
xenogenous (BioOss) and one synthetic (BoneCeramic), in addition to not using
biomaterials. We demonstrated a similarity in the percentage of newly formed
bone.

Keywords: Maxillary sinus floor elevation; bone transplantation; material testing,
BioOss, Boneceramic



1. INTRODUGAO E REFERENCIAL TEORICO

Quando n&o ha volume 6sseo suficiente na regido posterior da maxila, a
elevacdo da membrana do seio maxilar com a utilizagdo de enxertos 0sseos
pode permitir a instalacdo de implantes dentarios e a reabilitacdo do paciente
(1). A utilizagdo do enxerto 6sseo autdogeno nestes procedimentos tem
demonstrado propriedades osteogénicas, osteocondutivas e osteoindutivas,
sendo considerada como o padrdo-ouro para a corre¢cao destas deficiéncias
osseas.

O enxerto 6sseo autdgeno favorece uma situagéo viavel para a instalagao
de implantes de titénio propiciando um aumento significativo na utilizagdo destes
implantes na ultima década. Entretanto, o osso autégeno necessita ser coletado
de outra area do paciente podendo provocar desconforto e morbidade (2-4).
Outro problema relacionado ao osso autdgeno € a sua disponibilidade limitada
na cavidade bucal e, de acordo com a regidao doadora, pode ser necessaria a
exploragdo de uma area doadora adicional (2-4).

Em uma tentativa de que tais problemas sejam evitados, diferentes
materiais (denominados a partir daqui de biomateriais) tém sido utilizados com
finalidade de recuperar o tecido ésseo perdido, procurando preencher as
caracteristicas do osso autdégeno (2-4). Biomaterial compreende uma substancia
ou combinacg&o de substéancias, farmacologicamente inertes, de origem natural
ou sintética, utilizados com a finalidade de tratar, substituir ou aumentar a matéria
viva (6rgéos ou tecidos) cuja funcéo foi perdida, e que podem ser usados tanto
de maneira transitoria como definitiva (5). Os biomateriais substitutos 6sseos sé&o
rotineiramente classificados de acordo com o seu mecanismo de acao
(osteocondutores - que atuam como substrato para neoformacgdo Ossea;
osteoindutores - com a capacidade de recrutar e induzir a diferenciacdo de
células ainda indiferenciadas em osteoblastos; osteogénicos - possuem
osteoblastos ou demais células osteoprogenitoras viaveis, apresentando a
capacidade de levar a ossificagdo direta), ou de acordo com sua origem
(autdégenos - obtido de areas doadoras do proprio individuo; homogenos - obtido
de individuos da mesma espécie do receptor; xendégenos - obtidos de individuos
de espécies diferentes do receptor, sendo mais comumente obtidos de bovinos;



aloplasticos - podem ser de natureza metalica, ceramica ou polimérica). Como
ja foi abordado, o enxerto 6sseo autdlogo continua sendo considerado como o
padrao ouro atualmente, e é largamente empregado quando da necessidade de
aumento do volume 6sseo, visto que é o biomaterial que mais se aproxima de
apresentar propriedades desejaveis como osteogénese, osteoconducédo e
osteoindugdo, simultaneamente (6).

As vantagens da utilizacdo de um biomaterial ndo autégeno para aumento
0sseo sao: facilidade de obtencdo em quantidade desejada, redugcao do tempo
cirurgico e auséncia da necessidade da manipulacdo de uma segunda area
cirurgica (doadora do enxerto), tornando-o uma alternativa viavel nas cirurgias
de reconstrugdo Ossea prévias e posterior reabilitacdo com implantes
osseointegraveis (2-4). Apesar do avango nas pesquisas com a finalidade de
incorporar todas as qualidades do osso autégeno, um biomaterial definido como
“‘ideal” ainda n&o foi encontrado (2-4).

Dentre os biomateriais que sado atualmente mais utilizados, além do
enxerto O0sseo autdlogo, podemos um biomaterial aloplastico — cerémico
comercialmente chamado de Boneceramic (Straumann, Suiga)). O Boneceramic
€ um biomaterial sintético que consiste de 60% hidroxiapatita e 40% de Beta
Tricalcio Fosfato, sendo que seus granulos possuem 90% de porosidade para a
intercomunicacdo e o tamanho de suas particulas varia entre 500 e 1000um,
com propriedades osteocondutivas (2-4). Estudos prévios demonstraram que o
HA+B-TCP atua como excelente osteocondutor, quando instalado em seios
maxilares (2-4). Podemos ainda citar um biomaterial substituto 6sseo xendgeno,
de origem bovina. O Bio-Oss (Geistlisch, Suica). O Bio-Oss € uma hidroxiapatita
natural constituida de matriz de osso bovino anorganico e cristais de carbonato
de calcio. N&o causa reagdo imunologica e é altamente osteocondutivo, fato que
permite reparacdo O0ssea e pode ser usado em combinagcdo com enxertos
autdégenos ou isoladamente (7). Embora diversos estudos com esses
biomateriais utilizados de forma isolada estejam presentes na literatura, ensaios
clinicos randomizados, abordando a remodelacdo das areas enxertadas de
forma histomorfométrica e radiografica, além de avaliar os indices de sucesso

dos implantes instalados sobre essas areas sao inexistentes até o momento.
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Além disso, em alguns casos especificos, quando o remanescente 0sseo
da maxila posterior é insuficiente para instalagdo de implantes de comprimento
adequando, mas suficiente para estabilizagao cirurgica destes, a instalagéo de
implantes é feita simultaneamente a elevagdo da membrana do seio maxilar. O
espaco dentro do seio é mantido pela presenca do implante e preenchido por
coagulo sanguineo, que seria responsavel pela condugédo da formagao ossea.
Desta forma, esta técnica traz vantagens como a diminuigdo dos custos, pela
nao necessidade de colocacdo de biomateriais e redugdo do numero de
cirurgias, pois o implante e a elevagao do seio maxilar sdo feitas em uma mesma
etapa. Por outro lado, a literatura ainda € pobre em evidenciar os reais beneficios
clinicos e biolégicos dessa técnica (8).

O conhecimento aprofundado do processo de remodelagdo é6ssea e
sobrevivéncia dos implantes, apds a elevagcdo da membrana do seio maxilar e
reposicao do osso perdido com diferentes biomateriais € essencial para uma
indicacdo mais precisa deste protocolo e do biomaterial para substituicio 6ssea,
identificando as possiveis variaveis que possam influenciar na previsibilidade

dos resultados.
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2- PROPOSIGAO - OBJETIVO PRINCIPAL

O objetivo desta tese de doutorado € avaliar de maneira clinica,
radiografica, histolégica e histomorfométrica a utilizagdo de dois biomateriais
subtitutos 6sseos, Boneceramic, e Bio-Oss, ou da nio utilizacdo de biomateriais,
nas cirurgias de levantamento da membrana do seio maxilar em humanos, com
foco principal na quantidade e qualidade do tecido neoformado na regido
enxertada e nas repercussdes clinica de possiveis diferengas encontradas entre

0s biomateriais.

OBJETIVOS ESPECIFICOS

1. Avaliar tomograficamente o osso neoformado a partir de cirurgia de
elevagdo do assoalho do seio maxilar sem a utilizagdo de
biomateriais.

2. Avaliar e comparar histomorfometricamente o osso neoformado
com dois diferentes biomateriais, um xendgeno ( BioOss) e um
sintético ( BoneCeramic)

3. Avaliar e comparar histomorfometricamente e histologicamente o
osso neoformado com dois diferentes biomateriais, um xendégeno
( BioOss) e um sintético ( BoneCeramic), com a ndo utilizagao de

biomateriais.
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Statement of Clinical Relevance

“For a greater scientific basis of less invasive protocols and lower financial costs
to treat the posterior region of the maxilla, it is important to prove the accuracy of
a surgical protocol for sinus mucosal lining elevation and simultaneous

installation of osseointegrated implants without bone graft “
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Abstract

Objective: A prospective clinical study of maxillary sinus floor lifting procedures
without the use of any graft material, using only the blood clot, was conducted.
Study Design: 16 patients were selected, and a total of 21 maxillary sinuses
were operated, installing two implants in each maxillary sinus, totaling 42 dental
implants. The sinus membrane was elevated and supported superiorly by two
implants. Computed tomography scans were performed preoperatively and 6
months postoperatively in order to measure bone height and volume in both
periods.

Results: Of the 42 implants installed, one was considered lost (97% success
rate). Bone height gain was 4.39 mm, and volume gain was 491.04 mm3 after 6
months.

Conclusion: The technique used in the present study was considered effective,
being performed with a high success rate, and lower cost and morbidity in its
performance.

Keywords: Schneiderian membrane; fibrin clot; maxillary sinus; sinus lifting.

Introduction

Oral rehabilitation with osseointegrated dental implants can often be
limited in situations of insufficient bone. Several techniques are described in order
to restore an adequate amount of bone for the installation of dental implants.'-?
The presence of the maxillary sinus in the posterior region of the maxilla makes
the rehabilitation of this area a challenge. The process of pneumatization of the

sinus membrane (Schneiderian's membrane) after the loss of maxillary posterior

15



teeth can significantly limit the bone height availability . 22 Therefore, bone
grafting procedures prior to implant placement surgery may be necessary. 2#

Various maxillary sinus floor augmentation techniques have been
proposed for managing severe bone loss in the posterior maxilla 458, The
standard procedure for maxillary sinus floor elevation includes opening a bone
window in the lateral region of the sinus, through which the Schneiderian
membrane can be lifted, filling the generated space with some graft material.
Dental implants can be installed during the grafting procedure or after 6-12
months after placement of the grafted material '-23. Various substitutes have been
used to fill the resulting space of the sinus, including autogenous bone, allografts,
xenografts, synthetics, blood clot and mixtures of various materials with similar
results. 78

The autogenous bone graft is considered the gold standard as a fill
material in these procedures. This is due to its properties: osteogenesis,
osteoconduction and osteoinduction, simultaneously. 78 However, autogenous
bone requires an additional surgical area to obtain it, increasing the discomfort
and morbidity of rehabilitation. 72 The non-autogenous biomaterials as
xenografts, allografts, synthetics have some advantages : ease of obtaining the
desired amount, reduction of surgical time and absence of the need to manipulate
a second surgical area (graft donor) . 872 However, the absence of osteogenic
and osteoinductive properties, added to the high cost, meant that other
alternatives should be studied. 87:89

There have been reports of successful bone formation with sinus floor

elevation by simply elevating the maxillary sinus membrane and filling the sinus
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cavity with a blood clot. 9111213 Boyne et al. (1993) '* carried out the first
experimental study, through the elevation of the sinus membrane, without the use
of any graft material and immediate installation of implants in monkeys, obtaining
satisfactory bone neoformation and implant stability. This technique was first
described by Lundgreen ;Lundgren et al., (2004) ' with an unexpected bone
repair in the maxillary sinus, after the removal of an intra-sinusal mucous cyst,
when new bone formation was observed. The protocol consists of the lateral
approach to the maxillary sinus, creating a secluded space by lifting the
membrane and maintaining the space through immediate implant placement, clot
formation and subsequent repositioning of the bone window . '° Radiographic
evidence showed bone neo-formation in all 10 patients in the study. "’

Thor et al. (2007) '® evaluated 44 implants in the remaining alveolar bone
ridges without bone graft. After a period of six months, periapical radiographs and
CT scans were performed to measure bone formation. The results showed
consistent bone formation with average bone gain of 6.51mm and survival rate of
97.7% during a period of 27.5 months.

Zenobio et al. ( 2020) '® showed new bone formation on all sites of implant
placement with and without bone graft; Jensen et al. ( 2018) '7 in a systematic
review showed that Sinus membrane elevation without the use of a graft material
seems to enhance new bone formation with high implant survival;
Zahedpasha et al. ( 2021) '® demonstrate a Radiological bone gain similar
between grafted and graftless groups. Pinchasov (2014) '® shown in the review
that the potential of the maxillary sinus to heal and to form new bone without bone

grafts or substitutes is of high nature.
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For a greater scientific basis of less invasive protocols and lower financial
costs to treat the posterior region of the maxilla, this study describes and
evaluates the surgical protocol for sinus mucosal lining elevation and
simultaneous installation of osseointegrated implants without bone graft. For this,

Cone beam tomography were made to analysed tomograpgys the bone formed.

Material and methods

This prospective cohort study was approved by the Research Ethics
Committee of the Federal University of Uberlandia (CAAE: ). Patients were
informed about the objectives of this study, read, and signed the informed
consent form. The study was carried out in accordance with the ethical norms

established by the Declaration of Helsinki.

Patient selection

Patients were selected for this study if they presented clinical indications
to install implants in the posterior region of the maxilla associated with reduced
amount of bone availability, however, the remaining native bone enables the
implants placement . In addition, it was necessary that there were no alveolar
ridges in the healing phase in the area where the implants would to be installed,
and patients should have good systemic health. The smokers, drug users or
pathologies known to alter bone metabolism, pregnant and lactating women, and
patients with chronic pathologies in the upper airways were excluded of this

study.
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Implants placement procedure

After performing local anesthesia, a full-thickness mucoperiosteum flap
was detached to expose the lateral wall of the maxillary sinus. Using a spherical
drill, an osteotomy was performed for access through the lateral wall of the
maxillary sinus. After visualization of the mucosa of the maxillary sinus by
transparency, the membrane was detached and the window formed by the lateral
wall of the sinus was displaced into the maxillary sinus. Then, the surgical site
was prepared for the implant’s placement ( SIN UNITITE — BRASIL) , and the
formation of a blood clot was stimulate into the maxillary sinus. The surgical bed
was covered with a resorbable collagen membrane and sutured using 5.0 nylon
threads. It was prescribed for all patients during the postoperative period:
amoxicillin (500mg) for 7 days, ibuprofen (600mg) for 5 days and sodium dipyrone
(500mg) for 3 days for oral consumption. Additionally, 0.12% chlorhexidine
gluconate-based mouthwash was prescribed for 14 days. The sutures were

removed after 14 days ( Figure 1).
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Figure 1 — Implants placement procedure

Tomographic analysis

All the patients were submitted for tomographic exams in three timepoints:
prior to the grafting surgeries, 180 postoperative days. From these images using
a dedicated software (OnDemand 3D 1.10.5, CyberMed, Seoul, South Korea),
and with the help of an experienced operator, for each grafted maxillary sinus, 1
mm thick parasagittal sections (combination of 4 voxels of the image), were

generated every 1 mm, throughout the grafted extension. Anatomical references
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of the patient's maxilla were used to ensure that the beginning and end of imaging
always occur in the same region, for the three volumes obtained from each
patient, standardizing the same number of parasagittal slices generated for each
moment of the study. This method were refined with the help of the “Fusion”
module, from the same software, which aligns the volumes three-dimensionally,
ensuring accuracy in the making of the cuts in the same places ( Fugures 2 and
3) . The cuts obtained were exported to the TIF extension, without compression,
and the images saved.

The images obtained were opened in another software (Imaged, NIH,
USA), and the highest bone height were accessed, in mm, for each image of the
grafted region. At the end, the average height of each maxillary sinus were used
to represent that sample. Additionally, in the images obtained in all observation
periods, the bone area, in mm2, of the grafted region were measured, allowing
the sum of the areas measured in all the images that represent a maxillary sinus
to demonstrate the volume, in mm3, of each region treated, according to
Cavalieri's principle. Based on these data, it were possible to evaluate the

volumetric variation of the grafted areas over time ( Figure 4).
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Statistical Analysis
The distribution of the data was considered parametric, according to the
Kolgomorov-Smirnov normality test. Statistical comparisons of the tomographic

data between the initial and final periods were made using the paired t-test. The
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histometric data was exposed by a descriptive analysis. The software used was
SPSS 22 (IBM, USA). The graphs were created using the GraphPad Prism 6
software (GraphPad software Inc., USA). All tests were applied at the 95%

confidence level.

Results

The study involved 16 patients which presented 21 maxillary sinuses that
were submitted to the sinus floor elevation procedure associated with immediate
the placement of 42 dental implants. One implant was lost giving a survival rate
of 97.61%.

Regarding tomographic analysis, the new bone formation and the implants
placement was associated with an increase in the total volume of osteodensity
tissues inside the maxillary sinus on average of 491.04 mm3 (standard deviation
of 307.86, range between -36.16 and 1223.58), increase in the average area of
each parasagittal section of 41.29 mm2 (standard deviation) of 19.33, range
between 4.52 and 81.57), and increase in the mean height of the ridge that varied
on average 4.39 mm (standard deviation of 1.83, range between 0.54 and 7.62).

Considering the average difference (in percentage, proportionally to the
initial value) measured for each of the evaluated parameters, an increase was
verified in all evaluated parameters. The total volume of the radiodense area
showed a mean increase of 90.37% (standard deviation of 52.11%, range

between -6.90 and 173.25), the mean area of each parasagittal section increased
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by 94.84% (standard deviation of 48.56%, range between 7.41 and 173.25). ),
and the mean height of the ridge increased by an average of 90.36% (standard

deviation of 55.62%, range between 7.42 and 220.03).

Table 1 Mean, standard deviation, range, and p value (paired t-test) for the
comparison between observation periods, for the total volume of the
grafted area (mm3), mean area of each parasagittal section of the grafted

area (mm2), and average height of the edge in the grafted area (mm)

Parameters | Period | Avarage | Standard Confidence p
deviation interval
Baseline | 580.76 234.04 166.78 -
1009.16 <
Volume
Final 1071.80 | 459.84 262.31 — 1 0.0001
1974.35
Baseline | 48.80 15.78 26.16 — 7855 | <
Area
Final 90.10 22.63 43.72 -131.62 | 0.0001
Baseline | 5.68 1.50 2.93-8.38 <
Height
Final 10.07 1.32 7.61-12.39 0.0001
Discussion

The rehabilitation of the posterior region of the maxilla with
osseointegrated dental implants often requires bone grafting procedures. 20:21.22

The search for techniques that provide a treatment with a lower cost and shorter
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duration is constant. 351216.17.20 The technique performed by the present study
proved to be effective in terms of bone neoformation around the installed implants
and their good survival.

Recently, some studies have evaluated bone height gain and newly
formed bone density 782101112 jncluding the bone volume variation with graftless
maxillary sinus lift with simultaneous implants. '8'® The present study used a
methodology for tomographic analysis (Spin-Neto, 2013) 23, which guaranteed
accuracy in measuring the same tomographic section at two different times. Our
study analyzed and compared the variation in bone height and volume before
and six months after maxillary sinus lift surgery.

The bone ridge height varied by 90.36% between the initial period and
the 6-month postoperative period, which meant an average gain in bone height
of 4.39 mm. Previous studies have demonstrated gains in height between 4-6
mm, corroborating the findings of the present study. 7-'>2* However, in a study
evaluating the maxillary sinus lift without the placement of grafts, de Oliveira et
al., (2013) ?° reported a bone formation considered insufficient for the posterior
installation of dental implants. However the authors performed different
procedures from the technique performed by the present study, such as use a
titanium screw to hold the sinus membrane superiorly and no simultaneous
implant placement. Possible membrane perforations and the absence of implants
may not have guaranteed the maintenance of the space long enough for bone
formation. In addition, recent studies have shown that the treatment surfaces of
implants can provide better adhesion of the blood clot to the implants, which

would stimulate the osteogenic cells migration. 7-11:12.15.18,19.24
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The volume variation of the present study was 90.37%, representing, in
real values, a gain of 491.04 mm3 in 6 months. It is known that adequate bone
volume and quality are essential factors for the dental implants osseointegration.
26.27 Different authors have demonstrated an increase in bone volume in maxillary
sinus lift surgeries with different graft materials. 222° The present study
demonstrated a similar gain in bone volume in 6 months through a technique
without the use of any type of graft, thus substantially reducing the cost of
treatment.

Implant survival in the present study was also evaluated. After
placement of 34 implants and an average follow-up of 25 months, one implant
was considered lost at the time of reopening surgery. In this way, a survival rate
of 97% can be demonstrated, corroborating survival results demonstrated by
other authors 715181824

The absence of bone formation around the apices of some implants,
qualitatively observed in the parasagittal sections of the present study, is in
agreement with previous studies in animals and humans. 7-3°

Nevertheless, the absence of bone at the apices of the implants did not
demonstrate any negative clinical imperative for implant success, as previously
reported.!-15:24

More clinical studies with longer follow-up of implants under masticatory
loads should be carried out, aiming at the sum of evidence that supports the

technique evaluated in the present study.
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Conclusion

Graftless maxillary sinus lift with immediate implants, demonstrated
considerable increase in bone height and volume in a period of 6 months. A high
survival rate of implants was observed. The time, cost and morbidity of the
treatment decreased considerably due to the absence of graft material and the
installation of implants simultaneously with the maxillary sinus lift surgery. More
studies with longer follow-up are necessary, but the technique described in the

present study showed good and promising results

Conflict of Interest: The authors declare that they have no conflict of interest
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Abstract

Background: This investigation was designed to compare the
histomorphometric results from sinus floor augmentation with anorganic bovine
bone (ABB) and a new biphasic calcium phosphate, Straumann Bone Ceramic
(BCP).

Methods: 20 maxillary sinuses were treated in 20 patients. Residual bone height
was < 5 mm. .Lateral sinus augmentation was used, with grafting using either
DBB (10 sinuses) or HA/TCP), (10 sinuses). After 180 days of healing, implant
sites were created and biopsies taken for histological and histomorphometric
analyses. The parameters assessed were area fraction of new bone, soft tissue,
and graft substitute material in the grafted region;
Results: Histology showed close contact between new bone and graft particles
for both groups, with no significant differences in the amount of mineralized bone
31.84 £ 6.36 % in the DBB group and 27.11 £ 10.16 % in the HA/TCP group. Soft
tissue amounts were observed in the DBB ( 52.26 + 6.76%) and HA/TCP ( 56.05
1 9.86 %) groups ( p <0.001). The percentage of residual graft material was not
different between the DBB (16.05 + 6.71 %) and HA/TCP (16.84 + 4.99 %)
groups.

Conclusion: Both DBB anda HA/TCP produced similar amounts of newly formed
bone, with similar histologic appearance, indicating that both materials are
suitable for sinus augmentation for the placement of dental implants.

Key words: biphasic calcium phosphate, bone grafting, bone substitute, bovine
bone, histology, histomorphometry, maxillary sinus augmentation, sinus floor

elevation
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Introduction

A maxillary sinus lift procedure is an established method used to provide
a sufficient bone volume for implant placement in patients with a severely
atrophied posterior maxilla '3 A wide variety of graft materials have been used
to augment the maxillary sinus floor . The use of autogenous bone in sinus
augmentation is considered the gold standard because of the reproducible
healing mechanism of osteogenesis, osteoinduction, and osteoconduction. 456
However, there are several disadvantages including donor site morbidity, limping
when the graft is taken from the iliac crest, prolonged healing time, second

surgical intervention, requirement of general anesthesia and hospitalization,

increased cost of treatment, and unpredictable resorption of the graft.7'8 These
disadvantages have led to a search for suitable graft materials that are a
biocompatible and osteoinductive or at least osteoconductive alternative to
autogenous bone substitute in sinus floor augmentation procedure. *357
Various bone-grafting materials such as alloplasts (hydroxyapatite, b-

tricalcium phosphate, bio- active glass),®1%:11.12.13 xenografts (bovine or coralline

14,15,16,1 . . : 18
hydroxyapatite), S or allografts (freeze-dried de- mineralized bone) are

currently being used as alternatives or supplements to autogenous bone. These

biomaterials act as a scaffold for further bone formation.19
Deproteinized bovine bone (DDB), one type of xenograft, has been shown

to be a safe and biocompatible bone graft material with osteo- conductive

. 20,21,22 . .. .
properties. Also, several experimental and clinical studies have shown
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successful results of BHA graft materials when used for maxillary sinus floor

. 13,14,15,21,22
augmentation.

Biphasic ceramic based on hydroxyapatite and B-tricalcium phosphate

(HA/TCP), a ceramic alloplast, is another popular graft material that has shown

.. . . . 23,24,25
promising results with osteoconductive properties. Several authors have

reported HA/TCP as a satisfactory graft material for augmentaion of the maxillary
Sinus_11,12,13,19
The choice of augmentation material is a crucial factor in sinus

augmentation surgery. DDB and HA/TCP have been used successfully in sinus

. 11,20,24,25 . . .
augmentation procedures. Choosing one of these materials for sinus

augmentation is still controversial, and no consensus has yet been reached.
The aim of this clinical study was to compare the biological performances
of two different graft material, a xenograft ( BioOss) and an alloplast (

BoneCeramic), in the sinus augmentation procedure by using histomorphometry.

Material and methods

This case-control clinical study was approved by the Research Ethics
Committee of the Federal University of Uberlandia (CAAE: ). Patients were
informed about the objectives of this study, read, and signed the informed
consent form. The study was carried out in accordance with the ethical norms

established by the Declaration of Helsinki.

Patient selection
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Patients were selected for this study if they presented clinical indications
to install implants in the posterior region of the maxilla, however they also
presented no enough bone to undergo this type of procedure. In addition, it was
necessary that there were no alveolar ridges in the healing phase in the area
where the implants were to be installed, and patients should have good systemic
health.

Smokers, drug users or users of pathologies known to alter bone
metabolism, pregnant and lactating women, and patients with chronic pathologies

in the upper airways were excluded of this study.

Sinus augmentation procedure

After performing local anesthesia, a full-thickness mucoperiosteum flap
was detachated to expose the lateral wall of the maxillary sinus. Using a spherical
drill, an osteotomy was performed for access through the lateral wall of the
maxillary sinus. After visualization of the mucosa of the maxillary sinus by
transparency, the membrane was detached and the window formed by the lateral
wall of the sinus was displaced into the maxillary sinus. The grafts were inserted
with a varied volume depending on the volume and anatomy of the maxillary
sinus. The maxillary sinuses were exerted with deproteinized bovine bone (10
patients) and with biphasic ceramic based on hydroxyapatite and [-tricalcium
phosphate (10 patients). After insertion of the biomaterials, the surgical bed was
covered with a resorbable collagen membrane and sutured using 5.0 nylon
threads. It was prescribed for all patients during the postoperative period:

amoxicillin (500mg) for 7 days, ibuprofen (600mg) for 5 days and sodium dipyrone
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(500mg) for 3 days for oral consumption. Additionally, 0.12% chlorhexidine
gluconate-based mouthwash was prescribed for 14 days. The sutures were

removed after 14 days (Figure 01 ).

Biopsy retrieval

Patients from both groups (DBB and HA/TCP) were called for implantation
6 months after sinus augmentation and the bone biopsies were removed at the
place where the implants were installed. Bone was measured and biopsies were
harvested using a 2 mm inner diameter trephine drill. prior to implant placement
with abundant sterile saline irrigation. One to two vertical biopsies were taken
from each sinus at the site where dental implants would be placed. After biopsy
removal the dental implants (Unitite®, SIN, Sdo Paulo, Brazil) were placed and
the insertion torque was measured. The flap was sutured and the post-operation
care was the same executed in the first surgery. The biopsies were designated

for histological description and histomorphometric analysis ( Figure 2) .

Histologic and histomorphometric analysis

For the histomorphometric evaluation, the bone biopsies were immediately
fixed paraformaldehyde 4% for 48 days and decalcified in EDTA 7% for 60 days.
Then, the samples were dehydrated in alcohol and xylol, embedded in paraffin,
sectioned in the vertical axis (5-um thickness), and stained with the Hematoxylin
and Eosin technique. Histologic images were obtained using a digital microscopic
camera (Leica ICC50, Leica Microsystems. Heerbrugg, Switzerland) coupled to

a microscope (Leica DM500, Leica Microsystems®, Heerbrugg, Switzerland).
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Histomorphometric measurements were performed using QuPath. The region of
interest was defined excluding the residual native bone. The percentage of new
bone formation (area of new bone/total area), the percentage of soft tissue (area
of soft tissue/total area) and the graft particle area (area of bone graft
residual/total area) in the region of interest were measured at x100 magnification.
The sinus were considered the sample unit so the data provided by different
biopsies in the same sinus were establish as an average of each sinus. Analyses
were carried out by the same investigator who was blinded to which group a

specimen was assigned.

Statistical analysis

All statistical analyses were carried out using the GraphPad Prism 6 (San
Diego, CA, USA)) considering the significance level of a=0.05. The results were
expressed as the mean * standard deviation. The Shapiro-Wilk test was
performed to test normality (p < .05). The data were analyzed by ANOVA and

Tukey HSD tests.

Results

The study involved 20 patients (13 women and 7 men), which presented
20 maxillary sinuses that were submitted to the sinus floor elevation procedure
associated with the placement of 40 dental implants. One implant was lost in a
maxillary sinus filled with HA/TCP. Regarding the treatment in each maxillary

sinus, 10 patients and 10 maxillary sinuses were treated with DBB or with
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HA/TCP, with 20 implants installed in each group with 100% survival in areas

grafted with DBB and 95% in HA/TCP grafted areas ( Table 1)

Primary stability
Implants installed in maxillary sinuses grafted with the bone substitutes
DBB and HA/TCP presented, respectively, an insertion torque of 16.51 £ 24.24

Ncm and 19.82 + 27.76

Histomorphometric analysis

The percentage of new bone was 31.84 + 6.36 % in the DBB group and
27.11£10.16 % in the HA/TCP group, and no differences were detected between
the groups. Soft tissue amounts were observed in the DBB ( 52.26 £ 6.76%) and
HA/TCP ( 56.05 £ 9.86 %) groups ( p <0.001). The percentage of residual graft
material was not different between the DBB (16.05 + 6.71 %) and HA/TCP (16.84

1+ 4.99 %) groups ( Table 1)

Discussion

Technological evolution and better understanding of bone-healing biology
have helped to clarify the optimum makeup of bone substitutes, including the
source, preparation methods, and particle size, in order to improve their
osteoconductive potential. When associated with the refinement of the sinus lift

surgical technique occurred in recent years, this allows for predictable placement
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of implants in atrophic maxillae bone regenerated with various graft materials. 2%
21,28 In the present study, the survival rate of implants placed after a sinus
augmentation procedure was 100% in areas grafted with DBB and 95% in
HA/TCP grafted areas which is comparable with the pre-existing literature data.
26, 29 30

Deproteinized bovine bone and Biphasic ceramic based on hydroxyapatite
and B-tricalcium phosphate has been found suitable to repair bone defects 3132,
Deproteinized bovine bone ( DBB) is similar to human cancellous bone both in
terms of its crystalline and morphological structure. It is also biocompatible and

16,19
osteoconductive but has no osteoinductive property. However, the rate and

. . . . 20,33,34,35 . 33 ., i
mechanism of its resorption are still unclear. Sartori et al, in their 10-

year follow-up study, reported that resorption of DBB was a slow but continuous
process. Also, they found that the resorption rate was 3.6% per year for the initial

2 years and then decreased consistently in the following 8 years, with a mean

value of 0.58% per month. Schlegel and Donath36 identified the presence of DDB
6 years after the grafting procedure. They reported DDB as a permanent implant.

Biphasic ceramic based on hydroxyapatite and B-tricalcium phosphate (
HA/TCP ) is a derivative of hydroxyapatite, which is the inorganic component of
bone. This alloplast is osteoconductive and biocompatible, but it is not an
osteoinductive material. Osteoconductive properties are responsible for
appositional bone growth on the surface or into pores, channels, or pipes without
evidence of toxic reaction.’®2237 Since it is ceramic in nature, there is no risk of
transmission of certain infectious diseases, which is theoretically possible with

xenograft materials. °
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The impact of the resorption rate on the amount of newly formed bone in
augmented sites is still unclear. It has been demonstrated that, unlike DBB ,

HA/TCP is extensively resorbed in 12 to 18 months and is replaced by bone that
. . . . .. 35,38,39
is similar both functionally and anatomically to the original bone. In an

animal study, Artzi et aI38 reported that HA/TCP was completely resorbed in 24
months, whereas DBB particles still occupied a remarkable area fraction without
significant resorption even after 6 months. In the present study, the mean
percentage of residual graft particle after an average of 6 months of healing in
the DBB group was 16.05 £ 6.71 % and in the HA/TCP group was 16.84 + 4.99
%, showing no different between the groups.

In the present study, The percentage of new bone was 31.84 + 6.36 % in
the DBB group. Sartori et aI33 reported 29.8% new bone formation in sinus
19

augmentation by using DBB after 8 months of healing. Similarly, Simunek et al

reported 34.2% and Piattelli et aI40 reported 30% new bone formation by using

DBB in sinus augmentation procedures. On the other hand, this result was
16
superior to the 14.7% rate reported by Yildirrm et al and the 21% rate reported

26
by Valentini et al.

The mean new bone formation was 27.11 £ 10.16 % in the HA/TCP group.

19
This result was comparable to the 21.4% rate reported by Simunek et al.  On
the other hand, this result was superior to the 17% rate reported by Zerbo et
al37and Zijderveld et aI13 and inferior to the 36% rate and the 29% rate reported

11,12
by Szabo et al.
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There are some studies that compare the effect of DBB and HA/TCP as

38
sinus graft materials. In an experimental study, Artzi et al used DBB and
HA/TCP to restore the mandibular bony defects in dogs and compared bone

healing. They reported that the HA/TCP bone area fraction was significantly

greater than DBB sites at 6 months. Simunek et aI19 compared the efficacy of
DBB and HA/TCP in sinus augmentation surgery in a prospective human study.
They found that new bone formation in the DBB group was significantly greater
than in the HA/TCP group. In this clinical study both graft materials demonstrated
successful biocompatibility in the sinus augmentation procedure with a similar
amount of newly formed bone 180 days post-grafting, corroboting other studies
41424344 Additionally both group did not show higher amounts of soft tissue
components than the native bone of the residual maxillary bone, and no diference
was found between the two groups.

When designing the protocol of this clinical multicenter study, it was
considered important to include patients with residual alveolar ridge dimensions
within a clearly defined range, in this case a bone height of < 5 mm. This was
considered important in evaluating the clinical differences between the two
grafting materials. In the present study, two groups with similar residual ridge
dimensions treated with an identical surgical protocol with the exception of the
grafting material used were compared. This is particularly important since the
amount of new bone and residual graft may be dependent on the distance of the
grafted area from the residual bone 3* and possible explain the reason we found

different results in others studies, that do not design this protocol.
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In this study, comparison of DBB and HA/TCP was not performed in the
same patients because the patients underwent unilateral sinus augmentation
procedure. This is the limitation of this study. Another study can be conducted
with patients who need a bilateral sinus augmentation procedure in order to
compare these 2 graft materials in the same patients. Also, further studies should
be done to evaluate the longterm success of the implants placed into these graft

materials.

Conclusions

The results of this randomized prospective clinical trial demonstrate that
there was no difference in the amount of newly formed bone between
Deproteinized bovine bone ( Biooss) and Biphasic ceramic based on
hydroxyapatite and B-tricalcium phosphate ( Boneceramic) when used as a
grafting material for sinus floor elevation. Both materials are, therefore, suitable
for bone augmentation in this situation.. It may be concluded that, with respect
to the histomorphometric aspect after 180 days of healing both bone graft
substitute materials appear to be equally suitable for the use of sinus floor

elevation.
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Table 1. Mean and standard deviation values (%) of the histomorphometric analysis

Newly formed bone (%) Residual grafted material (%) Soft tissue (%)
Bio-Oss 31.8+6.5 16.0 £ 6.9 522+69%
BoneCeramic 27.2+10.1 16.8 + 5.1 55.8+9.84

Different letters indicate statistically significant differences verified by Tukey HSD test (p<<0.05) for soft
tissue component comparison between the groups
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Figure 1 — Clinical images of the surgical procedure
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Figure 2 — Clinical images of the Biopsy retrieval
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RESUMO

INTRODUCAO: Quando a altura do osso alveolar residual é insuficiente na
regido posterior da maxila, a elevagdo do assoalho do seio maxilar visando
viabilizar a instalagdo de implantes dentarios € um procedimento indicado. O
enxerto autdégeno (ABG) de regibes intra ou extra-oral é considerado o padr&o
ouro para esse procedimento. Novas opcdes de substitutos O6sseos vém
surgindo, como o Straumann® BoneCeramic(BCP) 100% sintética, enxertos
xendgenos como o BioOss, além de técnicas sem nenhuma material de enxerto
0Sseo. OBJETIVO: Avaliar e comparar histologicamente e
histomorfometriamente, o comportamento de dois substitutos 6sseos e apenas
o coagulo sanguineo em cirurgias de elevagcdo do assoalho do seio maxilar.
MATERIAL E METODO: Trinta pacientes saudaveis e parcialmente desdentados
na regido posterior da maxila foram submetidos a elevagao do assoalho do seio
maxilar previamente a instalacdo de implantes dentarios osseointegraveis,
sendo destes, 10 com BCP, 10 com BO e 10 com coagulo. Apds 6 meses, as
amostras foram coletadas por uma trefina e avaliadas histologicamente e
histomorfometricamente. RESULTADOS: Todos os implantes osseointegraveis
apresentaram boa estabilidade primaria. A analise histolégica demonstrou tecido
0sseo neoformado em todos os grupos, além de um intimo contato do tecido
0sseo mineralizado recém formado com as particulas do BCP e BO. A analise
histomorfométrica demonstrou tecido 6ésseo neoformado com 31.8 + 6.5% no
grupo Bio-Oss; 27.2 £ 10.1 no grupo BoneCeramic; e 28.3 £ 9.5 no grupo

coagulo.. CONCLUSAO: os trés grupos avaliados demonstraram tecido 6sseo
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neoformado estatisticamente similares, As técnicas utilizadas demonstraram
serem indicados para procedimentos de elevagao de seio maxilar.
Descritores: Elevagcao do assoalho do seio maxilar; transplante ésseo;

teste de materiais.

ABSTRACT

INTRODUCTION: Sinus lift to permit insertion of implants when alveolar residual bone
height is insufficient may be considered an effective procedure. The use of autogenous
bone from intraoral or extraoral sources is considered as the gold standard for this
procedure. New techniques have been sought and investigated. OBJECTIVE: This
investigation was designed to compare the histomorphometric and histologic results from
sinus floor augmentation with anorganic bovine bone (ABB) , a biphasic calcium
phosphate, Straumann Bone Ceramic (BCP), and graftless technique METODS AND
MATERIALS: 30 maxillary sinuses were treated in 30 patients. Lateral sinus augmentation
was used, with grafting using either DBB (10 sinuses) or HA/TCP), (10 sinuses) and
immediate implant with graftless technique ( 10 sinuses) . After 180 days of healing
biopsies taken for histological and histomorphometric analyses.

Results: Histology showed close contact between new bone and graft particles for both
grafted groups. No significant differences in the amount of mineralized bone 31.84 + 6.36
% in the DBB group , 27.11 + 10.16 % in the HA/TCP group, and 26.92 + 10.05 % in the
graftless group . The percentage of residual graft material was not different between the

DBB (16.05 + 6.71 %) and HA/TCP (16.84 + 4.99 %) groups.
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CONCLUSION: All the groups produced similar amounts of newly formed bone, with similar
histologic appearance, indicating that the three techniques are suitable for sinus
augmentation for the placement of dental implants.

Descriptors: Maxillary sinus floor augmentation; bone transplantation; materials

testing.

INTRODUGCAO

A elevacédo do assoalho do seio maxilar € um procedimento cirurgico
previsivel e que permite a instalacao de implantes dentarios quando se utiliza
enxertos ou materiais, no preenchimento do espaco entre o rebordo alveolar e a
nova posi¢do da membrana sinusal.

O enxerto 6sseo pode ser classificado em autégeno( quando o doador e
o receptor sdo o mesmo individuo, ou seja, € removido do préprio paciente);
homaogenos (enxerto proveniente de um doador que pertenga a mesma espécie
do receptor); heterégeno (obtidos de um doador de espécie diferente do
receptor); e sintéticos (produzido em laboratério). 12

O enxerto 6sseo autdogeno tem se mostrado a melhor alternativa para as
cirurgias de levantamento do assolho do seio maxilar, sendo considerado o
padrao ouro. %3 Os 6timos resultados com esse tipo de enxerto s&o explicados
pela auséncia de antigenicidade, pequena reagao inflamatoria, facil
revascularizagéo, e potencial de osseoindugao, osteogénese e osseocondugao.
123 Apesar dessas vantagens, apresenta algumas desvantagens como: maior
morbidade, mair tempo cirdrgico, maiores riscos de complicagbes pos-

operatérias; quantidade limitada; reabsor¢cao imprevisivel; formato ou contorno
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diferentes do sitio receptor. Estes fatores contribuem com a necessidade de se
desenvolver algum tipo de material, que quando empregado, evite a necessidade
de enxerto autégeno. 1234

Dentre os biomateriais que sado atualmente mais utilizados, além do
enxerto 0sseo autdlogo, podemos citar dois biomateriais aloplasticos —
ceramicos comercialmente chamados de Boneceramic (Straumann, Suiga) . O
Boneceramic € um biomaterial sintético que consiste de 60% hidroxiapatita e
40% de Beta Tricalcio Fosfato, sendo que seus gréanulos possuem 90% de
porosidade para a intercomunicacao e o tamanho de suas particulas varia entre
500 e 1000um, com propriedades osteocondutivas 23* Estudos prévios
demonstraram que o HA+B-TCP atua como excelente osteocondutor, quando
instalado em seios maxilares 23456 Podemos ainda citar um biomaterial
substituto 6sseo xendgeno, de origem bovina. O Bio-Oss (Geistlisch, Suiga). O
Bio-Oss ( BO) € uma hidroxiapatita natural constituida de matriz de osso bovino
anorganico e cristais de carbonato de calcio. N&o causa reag&o imunologica e €
altamente osteocondutivo, fato que permite reparacdo éssea e pode ser usado
em combinagio com enxertos autdogenos ou isoladamente %8 Embora diversos
estudos com esses biomateriais utilizados de forma isolada estejam presentes
na literatura, ensaios clinicos randomizados, abordando a remodelacdo das
areas enxertadas de forma histomorfométrica e radiografica, além de avaliar os
indices de sucesso dos implantes instalados sobre essas areas sao inexistentes
até o momento. 4587

Além disso, em alguns casos especificos, quando o remanescente 0sseo

da maxila posterior é insuficiente para instalagdo de implantes de comprimento
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adequando, mas suficiente para estabilizagao cirurgica destes, a instalacéo de
implantes é feita simultaneamente a elevagdo da membrana do seio maxilar.
891011 O espago dentro do seio ¢ mantido pela presenga do implante e
preenchido por coagulo sanguineo, que seria responsavel pela condugdo da
formagédo oOssea. 891011  Desta forma, esta técnica traz vantagens como a
diminuigdo dos custos, pela ndo necessidade de colocacdo de biomateriais e
reducdo do numero de cirurgias, pois o implante e a elevagao do seio maxilar
s3o feitas em uma mesma etapa. 891911 Por outro lado, a literatura ainda é pobre
em evidenciar os reais beneficios clinicos e bioldgicos dessa técnica.
Considerando os dados da literatura cientifica, e, sobretudo diante da
necessidade de se obter um material substituto 6sseo que proporcione um
resultado tdo bom quanto o proporcionado pelo enxerto autdégeno, o presente
estudo teve como objetivo avaliar e comparar, histologicamente e
histomorfométricamente o comportamento de dois substitutos ésseos , BCP e
BO, e do coagulo sanguineo, quando utilizados em cirurgias de levantamento do
assoalho do seio maxilar previamente a instalacdo de implantes dentarios

osseointegraveis.

MATERIAIS E METODOS

O estudo foi desenvolvido de acordo com as normas do Comité de Etica
em pesquisa da Universidade Federal de Uberlandia (UFU), parecer de
aprovagao protocolo 1.042.781. Todos os pacientes participantes do projeto
aceitaram e assinaram um termo de consentimento livre e esclarecido,

previamente a realizagdo das cirurgias de levantamento do assoalho do seio
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maxilar, todas elas com indicacado clinica baseada nos protocolos atuais da
implantodontia.

Foram selecionados 10 pacientes para cada grupo, que foram submetidos
a cirurgias de levantamento do assoalho do seio maxilar, com enxertos 6sseos
do tipo 100% material sintético - Straumann® BoneCeramic (BCP), Suiga, (10
pacientes) , 100% osso xenogeno BioOss (10 pacientes), e com implante
imediato e coagulo sanguineo ( 10 pacientes). Apds 6 meses do tempo de
integragcdo do enxerto/material, durante a fase cirurgica de instalagdo de
implantes osseointegraveis, foram coletadas amostras com uma broca trefina (2
mm de didametro interno e 10 mm de comprimento) em diregéo vertical no local
da instalacdo de implantes. ). Nos seios maxilares com altura Ossea
remanescente entre 5 e 7 mm, em que foram feitos a elevacdo da membrana
do seio maxilar e instalagao imediata de implantes, sem utilizagdo de biomaterial,
foi realizado a coleta com trefina 6 meses pos cirurgia no momento da reabertura,
em diregao horizontal entre os dois implantes instalados.

As amostras coletadas no interior da trefina foram coradas pelo método
pela Hematoxilina de Harris e Eosina aquosa a 1% (HE) para avaliagao
microscopica, que se deu com auxilio de microscopio optico (CARL ZEISS,
Germany). A analise microscopica qualitativa e comparativa entre os grupos,
obedeceu os parametros microscopicos: presenca de areas de necrose ou
reacao inflamatéria; presenca de area de deposi¢cao 6ssea e incorporacédo das
particulas do biomaterial ao osso. A analise histomorfométrica foi realizada
utilizando o software QuPath . A regi&do de interesse foi definida excluindo o osso

residual. A porcentagem de osso neoformado ( area de osso neoformado / area
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total) e a area de particulas residuais de material de enxerto ( enxerto residual /
area total) nas regides de interesse foram medidas em magnificagdo x 100.
Todas as analises foram realizadas pelo mesmo avaliador , sem saber qual
espécime de grupo era avaliada.

A analise estatistica foi realizada utilizando o GraphPad Prism 6 (San
Diego, CA, USA) considerando o nivel de significancia de a=0.05. Os resultados
foram expressos pela media com desvio padrdao. O teste de normalidade
Shapiro-Wilk foi realizado (p < .05). Os dados foram analizados pelos testes

ANOVA e Tukey HSD .

RESULTADOS

Todos os pacientes que foram incluidos no trabalho apresentaram um
processo de cicatrizagado normal e satisfatorio apds as cirurgias de levantamento
do assoalho do seio maxilar e as de colocagdo dos implantes dentarios
osseointegraveis. Nenhum processo inflamatorio ou infeccioso foi observado. No
momento da reabertura para coleta das amostras, a area enxertada apresentou-
se bem vascularizada, com uma dureza e resisténcia semelhante ao tecido
o0sseo maxilar. Todos os implantes osseointegraveis inseridos apresentaram
uma boa estabilidade primaria.

Histologicamente, osso neoformado e particulas do biomaterial ( exceto
para o grupo coagulo) foram encontrados em todos os grupos. Nenhum reagao
inflamatoria e necrose foram encontrados. Particulas de biomaterial foram
facilmente identifcadas pelo seu formato geométrico. Mais osteoclastos foram

encontrados nos grupos enxertados, tendo sido notado um intimo contato do
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tecido 6sseo mineralizado recém formado com as particulas dos biomateriais (

Figura 01).
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Figura 1 - (A) Grupo Bio-Oss e (B) BoneCeramic (aumento orirginal x40 ): 0sso
neoformado (*) ao redor das particulas de biomatexial ( ).

O percentual de osso neoformado foi de 31.8 £ 6.5% no grupo Bio-Oss;
27.2 £10.1 no grupo BoneCeramic; e 28.3 £ 9.5 no grupo coagulo. Nao havendo
diferenca estatisticamente significativa entre os grupos (P=0.09). O percentual
de material residual de enxerto foi de 16.0 + 6.9 no grupo Bio-Oss e 16.8 + 5.1

no grupo BoneCeramic , ndo havendo diferenca estatistica (P=0.1) (Tabela 01).

Osso neoformado (%) Particulas de biomaterial (%)

Bio-Oss 31.8+6.5 16.0+ 6.9
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BoneCeramic27.2 + 10.1 16.8+5.1

Coagulo 28.3+95 NA

Tabela 01 — Valores e desvio padréo ( %) da analise histomorfométrica.

DISCUSSAO

Algumas condigdes anatdmicas podem limitar a reabilitagdo oral com
implantes na regido posterior da maxila. Dentre essas condi¢des, pode-se
destacar a pneumatizagdo do seio maxilar. 3¢ Nesta circunstancia, alguns
procedimentos de elevacao do seio maxilar, visando correcédo desta deficiéncia
e a possibilidade de colocagado de implantes osseointegraveis na regido, séo
necessarios, sendo inclusive muito bem descritos ha muito tempo na literatura.
1,2

Devido as suas propriedades osteogénicas, osteoindutoras e
osteocondutoras o uso do enxerto 6sseo autdgeno no seio maxilar, é tido como
uma técnica cirurgica segura, confiavel e com excelentes indices de sucesso,
comprovados por estudos com controles superiores ha 10 anos. %78 Porém,
devido a necessidade de um sitio doador, e as suas desvantagens, como
morbidade, gradualmente outros biomateriais vém sendo usados, apresentando
indices de sucesso convincentes. Muitos sdo os substitutos dsseos utilizados
atualmente e apresentam resultados muito semelhantes ao enxerto autégeno,
inclusive em periodos superiores ha 10 anos. 4591011 Os materiais de enxertia,

utilizados neste trabalho foram o BCP, um substituto 6sseo 100% sintético, cuja
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composi¢ao é basicamente uma mistura de hidroxiapatita e fosfato de calcio, e
o BO, um substituto 6sseo de origem bovina. Segundo os fabricantes, ambos
biomateriais possuem uma reabsor¢ao gradativa, elevado grau de porosidade,
sdo biocompativeis, osteocondutor e permitem uma estrutura de suporte para
ades3o do tecido 6sseo durante o processo de osteogénese. 459

Nesse contexto o presente estudo avaliou histologicamente e
clinicamente o comportamento do BCP , BO, e coagulo quando utilizados em
cirurgias de levantamento do assoalho do seio maxilar. Na avaliagdo clinica,
nossos resultados mostraram-se semelhantes ao achados de outros trabalho
11,12,13,141516  que observaram integracdo dos biomateriais no osso maxilar
original, e altura 6ssea adequada, na area enxertada para sustentar implantes
dentarios, com auséncia de processo inflamatério ou infeccioso, e com a area
receptora bem vascularizada, com uma dureza e resisténcia semelhante ao
tecido 6sseo maxilar. Além disso, todos os implantes osseointegraveis inseridos
apresentaram também uma boa estabilidade primaria.

Quando comparado o comportamento entre BCP, BO e coagulo nossos
resultados demonstram uma grande similaridade histolégica do tecido 6sseo
formado. Caracterizando pela presenga de trabéculas 6sseas bem estruturadas
e viaveis, com uma matriz 6ssea homogénea e grande quantidade de ostedcitos
viaveis no seu interior, além dos espacos medulares estarem preenchidos com
tecido conjuntivo frouxo. Resultados similares ao demonstrado em cirurgias com
enxerto O0sseo autogeno, tido como o padrdo ouro para esse tipo de

procedimento 18.19:20

66



Analisando a proximidade das particulas dos dois biomateriais , BCP e
BO, com o tecido 6sseo mineralizado recém formado, foi observado um intimo
contato entre os mesmos, de modo que as particulas estavam rodeadas por
tecido 6sseo viavel. Esses resultados vao de acordo com os encontrados por
Froum et al.?' (2008), Cordaro et al.# (2008), Frenken et al.> (2010), e Daculsi
et al. 2° (2003) o que, segundo os mesmos, demonstra histologicamente as
propriedades osteocondutoras dos biomateriais.

No presente estudo, ambos os biomateriais demonstraram
estatisticamente o mesmo percentual de particulas do material de enxerto, grupo
BO 16.05 £ 6.71 % e grupo BCP 16.84 + 4.99 %. Demonstrando assim uma

grande similiaridade nesse quesito, sendo o0 seu impacto clinico ainda

. 17,22,23
desconhecido .

Histomorfometricamente foi demonstrado um percentual de o0sso
neoformado similar entre os trés grupos. 31.84 + 6.36 % no grupo BO, 27.11 £
10.16 % no grupo BCP e 26.92 £ 10.05 % no grupo coagulo. Tal resultado vai
contra o demonstrado por Sohn ?* et al (2010) , que demonstraram , em um
estudo animal, uma maior area de osso neoformado no grupo com coagulo
quando comparado ao grupo BO. Por outro lado, nossos achados quantitativos

de osso neoformado, similar em todos os grupos avaliados no presente trabalho,

= . 13,15,25,26 .
vdo de encontro com diversos autores Tais achados sugerem uma

neoformacéo 0ssea adequada para reabilitagdo de regides edéntulas maxilares,
com a possibilidade da ndo utilizagdo de material de enxerto ésseo em casos

com altura 6ssea residual entre 4 e 7 mm.

67



5. CONCLUSAO

Todos os grupos avaliados no presente trabalho demonstraram uma
neformacao O6ssea adequada para a reabilitacao de areas edéntulas posterior
maxilar. Ambos os biomateriais foram similares em todos os paréametros
avaliados, demonstrando seu potencial osteocondutor. O coagulo sanguineo,
apresentou a mesma taxa de osso neoformado comparado com os biomateriais,
demonstrando ser uma técnica promissora, e quando indicada, com a vantagem
de um menor custo e menor tempo de tratamento. Novos trabalhos, com maior
numero de pacientes e mais tempo de acompanhamento sao necessarias, para

que se possa indicar com seguranga tal técnica.

Conflito de interesses: Os autores declaram nao haver confilto de interesses.
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4. CONCLUSOES

Com base nas metodologias utilizada e nos resultados obtidos destes
estudos, pode-se concluir que:
- Atualmente o procedimento de elevagao do assoalho do seio maxilar pode ser
considerado reprodutivel. Porém, a técnica utilizada bem como o material
substituto 6sseo escolhido, devem ser corretamente indicados.
- A técnica de levantamento do seio maxilar sem material de enxerto e com
instalagao imediata de implantes, demonstrou, tomograficamente, consideravel
aumento em altura e volume 6sseos em um periodo de 6 meses. Foi observada
alto indice de sobrevivéncia dos implantes. O tempo, custo e morbidade do
tratamento diminuiram consideravelmente em virtude da ndo necessidade de
material de enxerto e da instalacdo dos implantes simultdnea a cirurgia de
levantamento do seio maxilar.
- A analise histomorfométrica de dois dos principais biomateriais substitutos
O0sseos utilizados atualmente, BioOss e BoneCeramic, demonstrou uma
quantidade de osso neoformado adequada para reabilitagdo com implantes
dentarios osseointegraveis.
- Em nossos estudos ndo encontramos fatores que pudessem indicar uma
vantagem de um biomaterial em relagdo ao outro. Ambos os biomateriais,
demonstraram o mesmo percentual de osso neoformado , bem como
caracteristicas histolégicas similares ao osso autdgeno, tido como o padrao ouro
na literatura.
- A analise histomorfométrica do osso neoformado a partir do coagulo sanguineo,
ndo demonstrou diferencga significativa em relagcao aos biomateriais. Somado ao
resultado tomografico, esses resultados validam a utilizagdo dessa técnica, em

situacdes de rebordo 6sseo remanescente maior ou igual a 5 mm.
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