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Resumo

Este estudo avaliou a estabilidade primaria (EP) de implantes dentarios
em o0sso de baixa densidade, utilizando trés técnicas de preparo de leito
implantar (Controle: fresagem conforme com as recomendagdes do fabricante,
Sub-preparo e Expansores rotatérios), aferida por meio de torque final de
insercao (TFI) e analise de frequéncia de ressonancia (AFR). A amostra foi
composta de 30 blocos de tibia suina divididos em trés grupos de acordo com
a técnica de fresagem. Para padronizar o substrato, os blocos foram
analisados utilizando parametros de microarquitetura éssea obtidos pela
analise da Micro-tomografia Computadorizada e o Teste de Shapiro-Wilk
avaliou a normalidade dos dados. Foram instalados 10 implantes para cada
técnica de preparo e a EP avaliada por meio de TFI e AFR. Os dados foram
submetidos a provas estatisticas (ANOVA one-way, Tuckey post-hoc e
Correlacao de Pearson). A técnica de sub-preparo obteve valores maiores de
torque final de insercéao (p<0,05) e melhor resultado quanto aos valores de
analise de frequéncia de ressonancia (p<0,05). O teste de correlacdo de
Pearson mostrou forte correlagao entre as variaveis (p<0,05). De acordo com
a metodologia empregada, a técnica de sub-preparo apresentou valores mais
altos de TFI e AFR, demonstrando ser mais vantajosa do que as outras

técnicas testadas em osso de baixa densidade.

Palavras chave: Implante dentario. Microtomografia por Raio-X.
Osseointegracao.



Abstract

This study evaluated the primary stability (PS) of dental implants in poor
density bone using three surgical drilling techniques (Control: conventional,
Undersized and Expander-osteotome) through final insertion torque (FIT)
and resonance frequency analysis (RFA). The sample consisted of 30
specimens (porcine tibia) divided into three groups according to the drilling
technique. To standardize the substrate, the specimens were analyzed
using bone microarchitecture parameters obtained by the Computed Micro-
Tomography Analysis and the Shapiro-Wilk Test assessed the normality of
the data. Ten implants were installed by each technique and the PS
evaluated through FIT and RFA. The data were submitted to statistical tests
(one-way ANOVA, Tuckey post-hoc test and Pearson correlation). The
undersized surgical technique obtained higher values of final insertion
torque (p <0.05) and better results regarding the resonance frequency
analysis values (p <0.05). Pearson's correlation test showed a strong
correlation between the variables (p <0.05). According to the methodology
employed, the Undersized surgical technique obtained higher values of final
insertion torque and Resonance Frequency Analysis, demonstrating to be
more advantageous than the other tested techniques when a poor bone

quality region is approached.

Key words: Dental implants. X-ray microtomography. Osseointegration.
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1 INTRODUCAO

A Estabilidade Primaria (EP) € crucial para o sucesso a longo prazo de
implantes dentarios, principalmente se tratando de protocolos de carga
imediata (O’Sullivan et al., 2004). Porém, quando regides de baixa densidade
O0ssea nos maxilares sdo abordadas, a obtencao de uma EP substancial pode
ser considerada pouco previsivel considerando a morfologia porosa que esta
regidao possui. Uma EP baixa induz a micromovimentacéo durante os estagios
iniciais de osseointegracao, originando a formacdo de tecido fibroso na
interface osso-implante, aumentando a mobilidade e a possivel perda dos
mesmos (Branemark et al., 1984; Albrektsson et al., 1986; O’Sullivan et al.,
2004; Bilhan et al., 2010; Javed et al., 2013).

Do ponto de vista biolégico, dois tipos de estabilidade ocorrem no processo
de osseointegracdo: a EP ocorre no momento da instalagdo e deve ser
suficiente para evitar micromovimentagbes na interface osso-implante; e a
estabilidade secundaria esta relacionada com a resposta biolégica que
ocorrera apés a instalacéo, ou seja, a sequéncia de fendmenos celulares que
acontece depois, sendo este ultimo tipo de estabilidade dependente da
primeira (Vayron et al., 2018).

A instalagdo de implantes, com sucesso, em leito implantar de regides com
baixa densidade 6ssea permitira um adequado contato e proximidade entre
osso-implante, garantido o inicio do processo de osseointegracao (Branemark
et al., 1984; Albrektsson et al., 1986; O’Sullivan et al., 2004). Os fatores que
podem influenciar a EP sdo qualidade e quantidade désseas, geometria do
implante e relagdo do didmetro do leito implantar com a ultima fresa utilizada
(O’Sullivan et al., 2004). A escolha do tipo de implante a ser instalado e a
técnica cirdrgica sdo fatores relacionados estritamente com o operador. O
contrario ocorre com a qualidade éssea, pois independe do operador.

A presenca de camada de 0sso cortical, seja na crista alveolar e/ou no
assoalho do seio maxilar favorece a obtencdo de um travamento suficiente do
implante. Segundo Ivanoff et al. (1996), ao atingir a cortical 6ssea do assoalho
do seio maxilar a estabilidade primaria sera melhorada, gerando mais areas

de contato osso-implante.
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O osso cortical fornece melhor suporte para os implantes, sendo rara a nao
obtencao de uma boa EP. Situacao oposta ocorre no osso medular, em que a
natureza porosa deste tipo de 0sso pode gerar alguns problemas durante a
fresagem, ja que a resisténcia 6ssea nao é igual a uma regidao de melhor
qualidade (O’Sullivan et al., 2004). Esse fato pode levar o operador a realizar
angulacao inadequada durante a fresagem e instalacdo do implante, podendo
desviar o posicionamento ideal do leito, prejudicando dessa maneira, a futura
reabilitagdo protética.

Regides de baixa densidade éssea sdo encontradas na regidao posterior de
maxila, a isso associa-se a presenca do seio maxilar, cujo grau de
pneumatizagéo restringe a disposicédo éssea e comprimento doo do implante
a ser inserido.

De acordo com Gherke et al. (2018), os principais fatores que influenciam
a EP sdo a quantidade de osso circundante ao implante e o papel que
desempenham as forcas compressivas que agem nas paredes do leito
implantar e que sé&o geradas durante a instalacéo.

Assim, tém sido propostas algumas modificacées quanto a sequéncia de
fresagem visando incrementar a EP em regides de baixa densidade 6ssea,
especialmente em protocolos de carregamento imediato (Toia et al., 2017).

A técnica de sub-preparo € a técnica mais comumente utilizada para
aumentar a EP. Nesta técnica, o leito implantar apresenta um diametro
reduzido quando comparado com o diametro externo do implante a ser
instalado. Dessa forma, durante a inser¢cao do implante sdo geradas forgas
compressivas laterais que melhoram o contato osso-implante e por
conseguinte aumentam o torque final de insergcéo (TFl) e a EP (Toia et al,,
2017; Stocchero et al., 2018a; Gehrke et al., 2018). Entretanto, alguns autores
sugerem que for¢cas compressivas laterais geram areas de isquemia e necrose
de ostedcitos que podem comprometer a estabilidade secundaria (Toia et al.,
2017).

Alghamdi et al. (2011) compararam duas técnicas de preparo de leito
implantar em implantes instalados tanto na mandibula quanto na maxila. Em
26 casos realizou-se a fresagem convencional de acordo com orientagcdes do
fabricante e nos 26 restantes foi realizada a técnica de sub-preparo. Todos os
implantes instalados apresentaram as mesmas dimensoes e foram registrados
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os valores de TFI utilizando o motor cirurgico; a AFR foi utilizada para obter o
valor do coeficiente de estabilidade priméaria (ISQ) em dois tempos: No
momento da insercao e na reabertura. Os implantes foram acompanhados por
um ano sendo avaliados de acordo com critérios de sobrevivéncia: 1) auséncia
de mobilidade; 2) auséncia de dor e sinais de infeccao; e 3) auséncia de
imagem radiolucida na regido apical do implante. Nao houve diferencas
estatisticamente significantes entre os dois grupos quanto ao valor de TFl e
ISQ.

Outra técnica descrita na literatura para melhorar a EP é a utilizacdo de
expansores rosqueaveis. Este tipo de instrumental possui um formato similar
a um parafuso e tém varios didmetros. Os expansores compactam as
trabéculas désseas evitando o corte do osso e, dessa forma, favorece a
obtencao de uma melhor EP (DE Vico et al., 2009). Entre as aplicacdes dessa
técnica pode-se citar a expansao de rebordos alveolares e a compactacao
0ssea. Esse tipo de instrumento foi desenvolvido para melhorar a densidade
do leito implantar e garantir melhor EP. O fundamento da técnica se baseia na
preservacao de tecido 6sseo mediante o uso sequencial de expansores de
diametros diferentes (DE Vico et al., 2009), evitando algum tipo de fenestracao
Ossea ou perda de EP.

Métodos invasivos e nao invasivos tém se desenvolvido para mensurar a
EP, cada qual apresentando limitacées, vantagens e desvantagens. Estudos
clinico-mecanicos, histolégicos e imaginol6gicos tém sido propostos por varios
autores para avaliar a EP (Javed e Romanos, 2010; Kokovic et al., 2014;
Mathieu et al., 2014).

Entre os métodos clinicos de afericao da EP o valor do TFI é uma das
ferramentas frequentemente utilizadas pelos profissionais para determinar um
valor quantitativo de referéncia do grau de retengdo que o implante obtém
durante sua insercdo. Um valor de TFI alto indica que o implante tem boa
ancoragem mecanica no tecido ésseo. Apesar de o TFI ser importante na
mensuracgao da EP, o surgimento da Analise de Frequéncia de Ressonancia
(AFR) apareceu na literatura como alternativa para mensurar e monitorar a
estabilidade tanto no momento da insercdo quanto em qualquer estagio do
periodo de osseointegracdo, podendo ser utilizado para aferir a estabilidade
primaria e secundaria dos implantes (Mathieu et al., 2014).



14

A classificagdo de densidade Ossea dos maxilares mais utilizada na
literatura cientifica € a de Lekholm e Zarb (1985), que divide em 4 tipos de
densidades 6sseas: |, I, lll e IV, as quais foram estabelecidas de acordo com
andlises de densidade 6ssea de radiografias panoramicas. O 0sso tipo | ou D1
apresenta menos vascularizacdo, porém é mais homogéneo em sua
composigao, o tipo Il ou D2 é uma combinagéo de osso cortical com cavidades
medulares. O tipo lll ou D3 é predominantemente composto de 0sso trabecular
com cortical fina e o tipo IV ou D4 & descrito como um tipo de 0sso que
apresenta uma cortical muito fina e abundante osso medular (Li et al., 2017).

Para avaliara a densidade 6ssea, a Micro-Tomografia computadorizada
(MTC) € uma ferramenta de exame imaginoldgico que utiliza detectores de alta
resolucdo realizando projegcdes em varias diregcdes de visualizacdo de um
objeto para produzir imagens reconstruidas em trés dimensoes, € muito util na
analise quantitativa de osso esponjoso (Muller et al., 1998). Tem sido utilizada
para avaliar caracteristicas anatébmicas e morfoldgicas do esmalte dentario,
concentracdo mineral de estrutura dentaria, anatomia dos canais radiculares,
avaliacao de técnicas endodonticas de preparo radicular, crescimento e reparo
0sseo de estruturas craniofaciais e processo de osseointegracao de implantes
dentarios (Swain e Xue, 2009).

A qualidade Ossea esta associada com as caracteristicas proprias da
macro e microarquitetura de cada regiao (Kim et al., 2015), estes parametros
sdo avaliados através da MTC e fornecem informag6es especificas da regiao.
Os parametros mais utilizados ao volume ésseo (VO) de uma determinada
regido de interesse (RI) e o volume total tecidual (TT), a proporgéo volumétrica
VO/TT indica o grau de mineralizacado 6ssea, ou seja, a sua resisténcia diante
algum estimulo (de Faria Vasconcelos et al.,, 2017). Outros parametros que
sdo mais utilizados para analise da regido medular sdo: a densidade de
conectividade (Conn.Den) que indica o grau de interconectividade trabecular,
espessura de trabéculas (Tb.Th), separacao de trabéculas (Th.Sp) e niumero
de trabéculas (Tb.N). Estes parametros estdo mais voltados para analise da
regidao de osso medular (Parfitt et al., 1987). Desta forma, a MTC surge como
uma ferramenta de andlise de substratos para realizacdo de estudos
biomecanicos em Implantodontia, auxiliando na escolha de corpos de provas
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com parametros de micro-arquitetura éssea semelhantes, simulando alguma
regido de baixa ou alta densidade.

Devido as diversas possibilidades de técnicas para instalacdo de implantes
dentarios que existe na literatura e a busca de um melhor método de aferigéo
de EP, surge a necessidade de estudos para a compreensao dos fatores que
possam interferir em tal situacdo clinica. Sendo assim, a avaliacdo da
interferéncia de diferentes técnicas de preparo do leito implantar pode fornecer
informacgdes importantes para a escolha mais apropriada em cada situacao.

Estudos sobre qualidade éssea, técnicas de perfuracao e avaliacdo da
estabilidade primaria variam na literatura. Entretanto, apesar dos diferentes
métodos utilizados, existe ainda necessidade de analisar alguns parametros
para elucidar e até mesmo extrapolar para a clinica a melhor aplicabilidade de
determinada técnica.

Desta forma, o objetivo deste trabalho foi comparar a estabilidade primaria
de implantes dentarios, utilizando trés técnicas de preparacao de leito
implantar em 0sso de baixa densidade.
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Abstract

Purpose: To compare the effect of three types of surgical site preparation
protocols on primary stability of dental implants installed in poor quality

bone.

Material and methods: After X-ray microtomography analysis, thirty bone
blocks with poor bone quality were chosen and divided into three groups (N
= 10). Control: Conventional; Undersized surgical technique and Expander-
osteotome. The final insertion torque and implant stability quotient were
registered. Statistical analysis included Shapiro-Wilk, One-way ANOVA,
with Tukey post-hoc and Pearson coefficient of correlation tests with a 5%

level of significance.

Results: The undersized surgical technique obtained higher values of final
insertion torque (p <0.05) and better results regarding the resonance
frequency analysis values (p <0.05). Pearson's correlation test showed a
strong correlation between the variables (p <0.05).

Conclusions: According to the employed methodology undersized surgical

technique proved to be more advantageous in poor bone quality regions.

Key words: Dental implants, X-ray microtomography, osseointegration
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Introduction

Primary stability (PS) is the first step for the long-term success in
Implantology. However, when it comes poor bone quality regions, the
achievement of a substantial PS is less predictable and it turns into a
challenging situation’.

PS should be sufficiently high in order to avoid micro movement. An
unsatisfactory mechanical behavior in poor bone quality is expected in
regards to its porous morphology, and micromovements during the early
stages of osseointegration contribute to fibrous tissue formation, possibly
leading to implant failure'-5.

Implant stability is affected by bone quality/quantity, as well as by implant
design and operative technique®. Furthermore, the knowledge of the
relationship between the bone density and PS is determined for Immediate
loading protocols. Dental implant (DI) design and surgical drilling technique
are factors also involved in PS'-3. An ideal dental implant bed allows perfect
engagement between bone and implant. The most common used drilling
technique to optimize PS is the undersized surgical technique. This
technique is based on compressive stress phenomenon, in which the dental
implant bed diameter is smaller than the dental implant dimension, (i.e., the
final drill size is smaller than the recommended). The compressive stress
concentrate on the surrounding bone during DI insertion and it seems to be
beneficial for final insertion torque values (FITV)"-°. However, some authors
have suggested that excessive compressive stress can induce bone

ischemia and bone necrose in the surrounding areas, harming PS”.
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Another surgical technique described to improve PS is the use of
osteotomes. This screw-shaped instrument compact bone along the implant
bed according to a progressive sequence. The biological principle which
inspired the idea of the osteotomes is the trabecular viscoelastic, which is a
trait that makes the bone able to be compressed and manipulated'?; in this
way, bone fenestrations are avoided.

Invasive and non-invasive methods have been proposed for evaluation
of PS, such FITV and resonance frequency analysis (RFA), each one has
its inherent limitations, advantages and disadvantages'!-'3.

With the purpose of standardizing the substrates for biomechanical tests,
the Micro-Computed Tomography (Micro-CT) emerges as useful imaging
tool, evaluates bone microarchitecture parameters, which have been used
in histomorphometric analysis previously and presents reliable results.
Although the Lekholm—Zarb classification have been often used in
Implantology to determine bone quality, it does not offer quantitative values.

Thus, the present study investigated the PS of implants placed in bone
sites with similar bone microarchitecture parameters comparing three
different surgical drilling protocols: Conventional drilling, Undersized

surgical technique and Expander-osteotomes.

Materials and methods
Bone model
Fresh porcine bone tibiae were dissected and the head of tibias were
used. It were cuted transversally in fragments of 3 cm. All these bone blocks

were thawed and put in cold saline solution under special temperature to
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minimize thermos-physical and mechanical properties changes in bone. To
analyze bone microarchitecture by Micro-CT, three circular plastic shaped
devices, separated 2 mm between them, were glued on the cortical region
of each specimen (Figure 1). These circular shaped devices assisted in
determining the specific region of interest (ROI) to be further analyzed by
Micro-CT. Micro-CT examination of each specimen was performed by using
SkyScan 1174 Micro-CT unit (Bruker, Kontich, Belgium). During image
acquisition, the bone specimen was kept inside a plastic tube filled with
water. The specimen was placed on the holder between the X-ray source
and the camera, as the whole specimen was kept in the field of view. The
scanning parameters were set at 50 kV, electric current of 800 pA, pixel size
of 31.03 um, rotation step of 0.5°, 2 frames rate, 180°-degree scanning, and
scanning time 60 min. The images were the reconstructed by using NRecon
software (version 1.6.6.0; Bruker, Kontich, Belgium) after application of
smoothing filter, ring artifact correction and beam hardening correction tools
(set at 2, 5 and 45%, respectively). Only bone blocks with comparable
homogeneity in bone microarchitecture parameters were chosen.
Calculation of bone microarchitecture parameters was performed with the
CT Analyzer software (Bruker, Kontich, Belgium) (Figure 2).

The Micro-CT parameters assessed included: bone volume/ total volume
proportion (BV/TV - %), trabecular thickness (Tb.Th - mm), trabecular
number (Tb.N - n), trabecular separation (Tb.Sp - mm), fractal dimension

analysis (FD) and connectivity density (Conn.Dn - 1/mm3) of the same ROI.
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Implant drilling protocol

Thirty DI (g 3,75 x 9 mm TitaossMax Cone Morse Extract, IntraOss®)
were divided in three groups (N=10), Control: Conventional (manufacturer
drilling protocol); Undersized surgical technique and Expander-osteotome.
Before drilling, bone blocks were firmly attached to a bench vise under the
hand-piece. The surgical twist drills of control included: lance, 2.0; 2/3; 2.8
and 3.0 (IntraOss®, ltaquaquecetuba, Sao Paulo, Brazil); in the undersized
group, lance, 2.0, 2/3 and 2.8 were used; and finally, in the expander-
osteotome group DI beds: lance, expander-osteotome 2.2, 2.6, 2.9 and 3.2.

Drilling was performed using a surgical hand-piece speed reducer 20:1
(L micro Series Bien Air®) connected to a surgical motor (IChiroPro®). To
keep the perpendicular direction during drilling, the surgical hand-piece was
connected to an Instron 4411 mechanical testing machine (Instron Corp.,

Norwood, MA), which was calibrated to descend 30mm/min (Figure 3a).

Dl installation and Primary Stability assessments

All the implants were installed by the same operator, and were
submerged 2 mm under bone surface (Figure 3b). The value of final
insertion torque was registered by the software of the surgical motor
(iChiropro 10S App — Bien Air®). After that, a transducer (Smart Peg® type
16, code 100388) was screwed inside the implant in order to assess primary
stability using the RFA, which was performed using the Osstell® device.
Measurements were performed in two directions: faciolingual and

mesiodistal, three times each direction, according to the manufacturer
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recommendations, and the mean values of Implant Stability Quotient (1SQ)

values were calculated (Figure 3c).

Statistical Analysis

All data were analyzed using SPSS version 22.0 software (IBM Corp,
Armonk, NY) with 5% significance level. The Micro-CT data were submitted
to the Shapiro—Wilk tests asses the normality of the data. One-way ANOVA,
with Tukey post-hoc test, was used to compare the values of FITV and 1SQ
between the groups and the difference between ISQ faciolingual and ISQ
mesiodistal. Pearson coefficient of correlation was used to assess the
relationship between FITV, Faciolingual-RFA (FL-RFA), Mesiodistal-RFA

(MD-RFA) and Mean-RFA.

Results

Table 1 summarizes the mean, standard deviation, and range of the
bone microarchitecture parameters, corresponding to poor bone quality. The
Shapiro-Wilk test showed normal distribution of the sample (p>0.05).

Regarding FITV, FL-RFA and Mean-RFA, the Undersized surgical
technique obtained the highest values when compared to control group
(Conventional), with a statistically significant difference (p<0.05). No
difference was found between both groups (Control and Undersized) versus
Expander-osteotome (p>0.05). Considering MD-RFA, Undersized group
showed higher values when compared to Control and Expander-Osteotome

(p<0.05) (Table 2).
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Pearson coefficient of correlation presented association between the
variables FITV, FL-RFA, MD-RFA and Mean-RFA, in Undersized and
Expander-Osteotome there was a statistically significant relationship
between all the variables, indicating a strong correlation between them

(Table 3).

Discussion

Pre-surgical radiographs have frequently been used as a tool to identify
bone quality prior to implant procedures’. Although Lekholm and Zarb
(1985) classification have been widely used as a bone density parameter for
oral surgeons, it does not show accurate values in order to predict better or
worse result for DI installation. Bone quality assessment plays an important
role in terms of both planning and outcome of PS assessment and Micro-CT
is considered as the Gold-Standard method for trabecular microstructure
assessment'6-21,

Considering that the focus of this study was to compare three different
dental implant site preparation protocol in poor bone quality regions, the
assessment of trabecular microstructure of the substrate is mandatory
because it influence on PS.

This study simulated a specifically clinical situation using animal bone as
a substrate to develop a surgical laboratorial model for biomechanical
evaluation avoiding cadaveric bone. Furthermore, according to Pearce et al.
(2007), bone remodeling processes and bone mineral density of pigs are

similar to humans?2. Probably, if a bone microarchitecture parameters
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classification of jaw bones had existed, it would be easier to choose a
comparable substrate.

Several studies have been analyzed bone microarchitecture parameters
in order to compare the accuracy of others imaging modalities with Micro-
Ct18-21.23-25_ This study used fresh porcine tibias as a substrate, being the
bone microarchitecture parameters values (BV/TV= 17%) closer to other
studies that collected human bone portions from the posterior region of
maxilla, the BV/TV values are comparable (18%)'%'¢ but diverge from others
studies?0-2526 (33%).

According to this study results, undersized surgical technique is the best
technique in terms of PS. However, a recent systematic review showed
weak evidence suggesting that undersized, osteotome, piezosurgery or
osseodensification  techniques could enhance successfully the
osseointegration when a poor bone quality region is approached?”. Probably
in an initial stage of the osseointegration the undersized surgical technique
provides better stability, what is very useful when it comes to immediate
loading.

Improving local bone properties by surgical means is relevant in sites of
reduced bone quality. The use expander-osteotome technique avoids to cut
bone. The increase on PS could be due to changes in the micromorphology
of peri-implant trabecular bone caused by apicolateral condensation by
osteotome?®. This apicolateral condensation is quite similar to the
compression principle used in the undersized technique, probably few
resistance of reduced bone quality to the application of the osteotomes and

the compression generated during DI insertion leads to unfavorable effect
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on PS. High stress concentration leads to unsatisfactory outcomes, it might
induce the interruption of blood supply as well as generate bone
microcracks.® This idea seems to be more affordable when a cortical region
is approached, therefore undersized surgical technique and expander-
oesteotome must not be applied in cortical regions. On the other hand, in
reduced bone quality regions, rich vascularity network exists due to the local
medullar characteristic that may prevent complications.

Comparing the techniques tested in this study, Undersized surgical
technique indicates better primary stability. Other studies can be performed
to verify the influence of others dental implant site preparation protocols in

primary stability, such as oseodensification and piezosurgery.

Conclusions
Considering the results obtained in this study, undersized surgical
technique proved to better than the others tested techniques to provide

primary stability to dental implants inserted in poor bone quality regions.
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Figure 1: preparation of bone blocks: (a) axial view of head of porcine bone

tibia (b) bone block, (c) circular shaped dispositive glued in different directions.
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Figure 2: Micro-CT acquisitions. 3D reconstruction of bone micro-architeture.
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Figure 3: laboratory process: (a) drilling process, (b) FITV assessment, (C)

RFA assessment.

Table 1: Mean and standard-deviation of bone micro-architecture parameters.

Bone micro-architecture

Mean (SD)
Parameters
BV/TV 18.0 (4.8) %
Tb.Th 0.14 (0.01) mm
Tb.N 1.16 (0.23) /mm
Tb.Sp 0.49 (0.07) mm

Conn.Den 16.5 (6.8) /mm?
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Table 2: Mean and standard-deviation of FITV, FL-RFA, MD-RFA and Mean-

RFA values according to each group.

Groups FITV FL-RFA MD-RFA Mean-RFA
(Surgical
Mean (SD) Mean (SD) Mean (SD) Mean(SD)
technique)
Conventional 19.19 (5.8) B 66.0 (5.1)B 68.6 (4.9)B 67.3(4.2)B
Undersized
31.26 (6.5) A 77.5(53) A 79.1 (6.4) A 78.3(5.5) A
surgical technique
Expander-
26.05 (8.8) AB 70.7 (8.6) AB 70.2(8.4)B 70.4 (7.9) AB
osteotome

Means having different letter in the column have statistically significance

differences for p<0,05, according to ANOVA one-way with Tukey's post-hoc.



Table 3: Pearson Coefficient of correlation values and standard-deviation.

34

Groups

Conventional

Undersized

surgical

technique

Expander-

osteotome

FL-RFA MD-RFA Mean-RFA
FITV 0,577 (0,081) 0,686 (0.029) 0,741 (0.014)
FL-RFA 0,446 (0.196) 0,857 (0.002)
MD-RFA 0,843 (0.002)
FITV 0,706 (0.02) 0,905 (<0,001) 0,872 (0,001)
FL-RFA 0,749 (0,013) 0,921 (<0,001)
MD-RFA 0,948 (<0,001)
FITV 0,860 (0,001) 0,734 (0,016) 0,849 (0,002)
FL-RFA 0,766 (0,010) 0,941 (<0,001)
MD-RFA 0,938 (<0,001)
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3 Conclusao

De acordo com a metodologia empregada neste estudo, a técnica de
sub-preparo resultou em maior estabilidade primaria, demonstrando ser
mais vantajosa do que as outras técnicas testadas em osso de baixa

densidade.
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