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RESUMO

A Analise de Frequéncia de Ressonancia (ARF) tem se mostrado uma técnica viavel
para o0 monitoramento da estabilidade do implante ao longo do tempo. O torque de
insercdo também é um método vidvel na avaliacdo da estabilidade primaria de
implantes. Entretanto, ainda sdo escassos 0s estudos que utilizam tais técnicas na
avaliagdo da estabilidade de implantes instalados em areas de enxerto 6sseo de
seio maxilar. Nesse contexto, este estudo objetiva comparar a estabilidade primaria
e a estabilidade secundéria, mensuradas pela ARF, de implantes Neodent Titamax
Ti® de diferentes comprimentos instalados na regido posterior da maxila de areas
previamente submetidas a elevacdo do seio maxilar utilizando o biomaterial Bio-
Oss®. Adicionalmente, também sera avaliada a existéncia de correlacdo entre ARF
e torque de insercdo na avaliacdo da estabilidade primaria. Apds a instalacdo dos
implantes (doze implantes de 9 mm e oito de 11 mm) em 9 pacientes, o torque de
insercdo foi mensurado pelo motor Bien Air® (iICHIROPRO) e, em seguida, foi
realizada a avaliacdo da estabilidade com o aparelho Osstell® o qual, através da
ARF, determinou o ISQ (Coeficiente de estabilidade do implante). O 1SQ foi
mensurado pelo mesmo operador em dois momentos: T1) no dia da instalagdo dos
implantes; T2) 90 dias ap0s a instalacdo dos implantes. Ndo foram observadas
diferencas estatisticamente significantes no ISQ entre T1 e T2 quando os implantes
foram agrupados (9 mm e 11 mm) ou quando os implantes de 9 mm foram avaliados
separadamente (p>0,05). Quando os implantes de 11 mm foram avaliados
separadamente, o I1SQ foi estatisticamente maior em T2 que em T1 (p<0,05). Em T1
os implantes de 9 mm apresentaram I1SQ estatisticamente maior que os implantes de
11 mm (p<0,05); em T2 os implantes de 11 mm apresentaram I1SQ estatisticamente
maior que os implantes de 9 mm (p<0,05). Nao foi observada diferenca no torque de
insercao entre os implantes de 9 mm e os implantes de 11 mm (p>0,05). N&o foi
observada correlacdo entre ISQ e torqgue de insercdo para o0s implantes,
independentemente de seu comprimento (p>0.05). Estes resultados sugerem que
implantes mais longos podem estar associados a um continuo aumento dos valores
de 1SQ durante o periodo de cicatrizacéo, além de indicarem auséncia de correlacdo
entre 0 1ISQ e o torque de insercdo na avaliacdo da estabilidade dos implantes.

Palavras-chave: Estabilidade de implantes. Anéalise de frequéncia de ressonancia.

Torque de insercdo. Substitutos 6sseos. Elevagdo de seio maxilar.



ABSTRACT

The Resonance Frequency Analysis (RFA) is a viable method used to determine
alterations in the implant stability over time. The insertion torque is also a practical
method for the evaluation of the primary stability of dental implants. Nevertheless,
there are few studies that use such techniques in assessing the stability of implants
placed in bone grafting of the maxillary sinus. In this context, this study aims to
compare the primary stability and secondary stability, measured by RFA, of Neodent
Titamax Ti® implants of different lengths installed in areas of sinus floor elevation
using Bio-Oss®, one of the more applied biomaterials in this procedure. The
correlation between insertion torque and RFA in assessing the primary stability was
also evaluated. Twenty implants were used (12 implants with 9 mm length and 8
implants with 11 mm length), installed in 9 patients in areas previously submitted to
sinus floor elevation using Bio-Oss®. After installation of the implants the insertion
torque was measured by the Bien Air ® motor (iICHIROPRO). Afterward, the stability
was evaluated with Osstell®, that determined the ISQ (Implant stability coefficient)
employing the RFA. ISQ was measured by the same operator in two times: T1) on
the day of the implant placement; T2) 90 days after implant placement. No
statistically significant differences were observed in the ISQ between T1 and T2
when the implants were grouped (9 mm and 11 mm) or when the 9 mm implants
were evaluated separately (p>.05). Once the 11 mm implants were evaluated
independently, 1SQ was statistically higher in T2 than T1 (p<.05). At T1, the 9 mm
implants showed a statistically higher ISQ than the 11 mm implants (p<.05). At T2 the
11 mm implants showed a statistically higher ISQ than the 9 mm implants (p<.05). No
difference was observed in the insertion torque between 9 mm implants and 11 mm
implants (p>.05). There was no correlation between ISQ and insertion torque of the
implants, regardless of its length (p>.05). In conclusion, our results suggest that
longer implants should be associated with a continuous increase in ISQ values
during the osseointegration period and indicate no correlation between 1SQ and
insertion torque in the evaluation of the stability of implants.

Keywords: Implant stability. Analysis resonance frequency. Insertion torque. Bone

substitutes. Elevation of maxillary sinus.
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1 INTRODUCAO

A estabilidade do implante é necessaria para o sucesso da osseointegracao e
do tratamento protético em longo prazo (BALSHI et al., 2005; SIM; LANG, 2010). A
avaliagdo clinica da estabilidade é baseada em critérios mecénicos, sendo esta
representada pela auséncia de mobilidade do implante (QUESADA-GARCIA et al.,
2009).

No momento da instalacdo do implante, a estabilidade gerada pela
macroestrutura da superficie do corpo do implante que obtém um embricamento
mecanico com o tecido 6sseo, € denominada estabilidade primaria (SIM; LANG,
2010). Esta é fundamental para osseointegracdo, ja que micromovimentos do
implante ap0s sua instalacdo podem viabilizar a proliferacdo de tecido conjuntivo
fibroso na interface osso-implante, resultando em uma pobre osseointegragcao
(GUPTA; PADMANABHAN, 2013). A estabilidade primaria € influenciada por fatores
como qualidade e quantidade Ossea, design do implante, e técnica cirdrgica
(BALSHI et al., 2005; QUESADA-GARCIA et al., 2009; HERRERO-CLIMENT et al.,
2013).

Paralelamente a estabilidade primaria, ocorre a formacdo e remodelacéo
O0ssea na interface osso-implante durante o periodo de osseointegracdo. Este
processo € responsavel pela estabilidade secundaria dos implantes que corresponde
a unido bioldgica entre a superficie do implante e o tecido 6sseo. Fatores como tipo
de superficie do implante e tempo de cicatrizagcdo podem influenciar a estabilidade
secundaria (QUESADA-GARCIA et al., 2009). Adicionalmente, alteracdes sistémicas
associadas devem ser consideradas no plano de tratamento de modo a evitar a
associacao de fatores de risco para a perda de implantes (WAKIMOTO et al., 2012).

Desde a utilizacdo de implantes com carga imediata, a determinag&o do nivel
de estabilidade do implante mostrou-se necessaria, ja que implantes submetidos a
este protocolo dependem de um grau de estabilidade primaria previamente
determinada. Tornou-se entdo necessario que o profissional medisse a estabilidade
do implante no contexto clinico, de modo a quantificar micromovimentos do implante
e determinar o risco fracasso do tratamento, especialmente em casos nos guais o
paciente apresenta o0sso de ma qualidade (BALSHI et al., 2005; BRIZUELA-
VELASCO et al., 2015).

A necessidade de uma técnica néo invasiva, confiavel e clinicamente aplicavel
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para medir a estabilidade do implante levou ao desenvolvimento da analise de
frequéncia de ressonancia (ARF). A técnica foi introduzida por Meredith e
colaboradores em 1996 (MEREDITH; ALLEYNE; CAWLEY, 1996), sendo utilizada
como um instrumento de diagndstico que permitiria 0 monitoramento de alteracdes
na estabilidade do implante ao longo do tempo (SIM; LANG, 2010).

A ARF utiliza um dispositivo eletrénico disponivel com o nhome comercial de
Osstell®. A técnica emprega um transdutor piezoelétrico que ao ser energizado por
um pulso magnético emite um sinal destinado a vibrar o implante. A resisténcia do
implante a vibracdo € medida pelo dispositivo em Hertz e convertida em ISQ
(Coeficiente de estabilidade do implante) que varia numa escala de 1 a 100
(QUESADA-GARCIA et al., 2009; HERRERO-CLIMENT et al., 2013), sendo que
valores elevados (> 60) indicam estabilidade adequada do implante (HSU et al.,
2011).

Um estudo in vitro, ao avaliar a correlagao entre 1ISQ e micromovimentos do
implante, demonstrou que quanto maior o ISQ menor a micromovimentacdo do
implante sob uma determinada carga e que um ISQ de 57 corresponde a
micromovimentos de 150 um, valor este que néo deve ser excedido para obtencéo e
manutenc¢ao da osseointegracao (BRIZUELA-VELASCO et al., 2015).

Outra técnica proposta para avaliacao da estabilidade de implantes é o torque
de insercdo. Descrito inicialmente por Johansson e Strid (1994) consistem em um
método que registra a forca necesséaria para instalacdo do implante, avaliando a
estabilidade primaria do mesmo, além de fornecer informacdes sobre a qualidade
ossea local (TURKYILMAZ et al., 2007). O torque de insercédo pode ser aferido por
meio de um medidor de torque contido no interior da unidade de perfuracdo ou
através de instrumento mecanico ou digital de mensuragcéo de torque (OTTONI et
al., 2005).

Como a estabilidade do implante é influenciada pelo embricamento entre o
implante e o sitio 0sseo receptor, acredita-se que um alto torque de insergcédo seja
desejavel para que a integracdo do implante ocorra de forma efetiva (OTTONI et al
2005). Entretanto, estudos tém levantado a hipotese de que torques de insercéo
elevados estdo associados a atraso no processo de osseointegragdo, atribuido a
uma tensao excessiva gerada na interface osso/implante (NORTON, 2011).

A ARF e o torque de insercdo séo atualmente as técnicas propostas para o

diagnostico de problemas de estabilidade de um implante, sendo levantada a
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hipotese de correlagdo positiva entre as duas técnicas (BAYARCHIMEG et al., 2013;
BRIZUELA-VELASCO et al., 2015). Entretanto, publicacfes recentes indicam que
estas técnicas representam elementos distintos associados a estabilidade primaria,
podendo induzir o profissional a uma avaliagdo equivocada das medidas de
estabilidade de implantes instalados (SENNERBY; MEREDITH, 2008; DEGIDI et al.,
2013; SENNERBY et al., 2015).

O torque de insercdo mensura a resisténcia mecanica friccional do leito
receptor ao avanco apical do implante e a rotacdo no eixo longitudinal. J& o 1SQ
considera a rigidez de contato do implante ao sitio receptor e sua resisténcia ao
deslocamento lateral (SENNERBY et al., 2015). Achados que indicam proporcéo
direta entre torque de insercdo e ISQ (em que a aplicacdo de um maior torque €&
capaz de aumentar o ISQ e fornecer uma maior estabilidade priméria) séo
controversos, tendo em vista que alguns estudos demonstraram relacao direta entre
estas variaveis (TURKYILMAZ et al., 2009; BRIZUELA-VELASCO et al., 2015),
engquanto outros ndo encontraram esta correlacdo (AKCA et al.,, 2010; FUSTER-
TORRES et al., 2011).

Em implantodontia, tem se mostrado cada vez mais frequente a utilizagéo dos
enxertos 0sseos de forma a viabilizar a instalacdo de implantes em sitios com perda
O0ssea acentuada. Regifes maxilares posteriores superiores edéntulas geralmente
apresentam reducdo do volume 6sseo, tanto em largura quanto em altura por atrofia
e pneumatizacdo do seio maxilar. Perda 0ssea acentuada pode representar uma
barreira anatdbmica a reabilitacdo protética da maxila, pela auséncia de suporte
0sseo para a estabilidade adequada do implante (BALLERI et al., 2002; CALVO-
GUIRADO et al., 2010).

Diversos materiais tém sido utilizados como substitutos 6sseos atuando como
uma estrutura de suporte que sustenta o volume inicial sendo estes
progressivamente substituidos por novo osso (MARTINEZ et al., 2010). Diferentes
substitutos 0sseos incluindo aloenxertos, xenoenxertos e materiais aloplasticos tém
sido utilizados na elevagdo do seio maxilar de forma isolada ou em diferentes
combinagdes (SILVESTRI et al., 2013).

Sendo a ARF e o torque de insercao as técnicas mais utilizados na avaliacao
da estabilidade de implantes, torna-se importante avaliar a correlacdo entre os

resultados obtidos por esses dois métodos.
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar, pela analise de frequéncia de ressonancia (ARF) e pelo torque de
insercao, a estabilidade de implantes instalados na regido posterior da maxila em

areas previamente submetidas a elevacao do seio maxilar.

2.2 Objetivos especificos

a) comparar a estabilidade primaria e a secundaria, mensuradas pela analise de
frequéncia de ressonancia (ARF), de implantes Neodent Titamax Ti® de
diferentes comprimentos instalados na regido posterior da maxila em areas
previamente submetidas a elevacéo do seio maxilar;

b) avaliar a existéncia de correlacdo entre os resultados obtidos pela analise de
frequéncia de ressonancia (ARF) e pelo torque de insercdo na avaliacdo da
estabilidade priméaria, de implantes Neodent Titamax Ti® de diferentes
comprimentos instalados na regido posterior da maxila em areas previamente

submetidas a elevacéo do seio maxilar.
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3 ARTIGO

Assessment of dental implants stability by the resonance frequency
analysis and the insertion torque in areas previously submitted to maxillary

sinus elevation

Os resultados desse trabalho foram compilados na forma de artigo a ser
submetido ao periédico Clinical Oral Implants Research (Qualis Al), de acordo
com as normas do periédico, que podem ser acessadas em:
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1600-0501/homepage/ForAuthors.html
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Summary

Objective: To compare the primary and secondary stability, measured by
Resonance Frequency Analysis (RFA), in implants of different lengths installed in
areas submitted to maxillary sinus elevation and, additionally, to evaluate the

existence of a correlation between RFA and implant insertion torque.

Material and methods: Twenty implants (twelve implants of 9 mm and eight
implants of 11 mm) were implanted in areas submitted to maxillary sinus elevation.
The insertion torque was measured by the Bien Air® engine. Osstell®, through RFA,
determined the ISQ (Implant Stability Quotient) at two times: the day of implant
installation (T1) and 90 days after implant installation (T2).

Results: No significant differences were observed in the I1ISQ between T1 and T2
when the 20 implants were grouped, nor when the 9 mm implants were evaluated
separately. In contrast, when the 11 mm values were evaluated separately, the 1SQ
was significantly higher in T2 than in T1 (p <0.05). In T1, 9 mm implants had a higher
ISQ than 11 mm ones (p <0.05), whereas in T2 the implants of 11 mm showed a
statistically higher 1SQ than the 9 mm implants did (p <0.05). There was no
significant statistical difference in insertion torque between 9 mm and 11 mm
implants (p> 0.05), nor was there a correlation between ISQ and insertion torque (p>
0.05).

Conclusions: The findings suggest that, when installed in areas previously
submitted to maxillary sinus elevation, longer implants (11 mm) presented a
significant increase in 1SQ values during the healing period. This phenomenon was
not observed for shorter implants (9 mm). Finally, we did not observe any correlation

between the stability measurements obtained by RFA and implant insertion torque.

Keywords: Biomaterials, Bone implant interactions, Clinical research, Sinus floor

elevation
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Introduction

Dental implants have become a predictable treatment modality that has been
widely used in the rehabilitation of edentulous areas. The primary stability achieved
shortly after implant installation is a prerequisite for the success of osseointegration,
as well as one of the main factors that influence the survival rates of the implants
(Frieder et al., 1991; Meredith 1998; Lioubavina-Hack et al. 2006). The primary
stability consists of the frictional contact between the implant and the bone of the
receptor site (Fini et al., 2004). Factors such as implant geometry, surgical technique,
bone quantity, and bone quality influence primary stability (Meredith 1998; Quesada-
Garcia et al., 2009). After implantation, a sequence of events in the osseointegration
process occurs at the bone / implant interface, leading to a reduction in primary
stability (Fini et al., 2004), which is gradually replaced by the secondary biological
stability provided by deposition of newly formed bone around the implant body
(Atsumi et al., 2007).

The stability of the implant can be assessed clinically by non-invasive
guantitative methods such as insertion torque (Johansson & Strid 1994) and
Resonance Frequency Analysis (RFA) (Meredith et al., 1997). Described by
Johansson & Strid (1994), the insertion torque registers the torque required for
implant installation. A high insertion torque indicates that the implant is well fixed and
mechanically stable (Johansson & Strid 1994; Nedir et al., 2004).

RFA was introduced by Meredith et al. (1997) as a technique in which the rigidity at
the bone/implant interface is calculated from the resonance frequency as a reaction
to the oscillations that impinge on the bone / implant system. RFA measurements are
performed by the Osstell® apparatus and are expressed in ISQ (Stability Coefficient

of Implant), indicating a stability degree on a scale of 1 (less stability) to 100 (greater
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stability) (Sennerby & Meredith 2008). The technique allows the monitoring of
changes in stability and stiffness at the implant / bone tissue interface, from the time
of implantation to the final stages of osseointegration (Zix et al., 2008; Kahraman et
al., 2009).

Although RFA and insertion torque are associated with the assessment of
implant stability, these techniques measure distinct mechanical characteristics. The
insertion torque measures the frictional mechanical resistance generated at the bone
/ implant interface during the rotational movement of the implant on the longitudinal
axis, in the apical direction. The RFA, whose result is expressed in I1SQ, represents
the contact rigidity of the implant with the receptor bone bed and its resistance to
lateral displacement (Brizuela-Velasco et al., 2015).

In this context, studies evaluating the possible correlation between insertion
torque and RFA have been conducted, and these describe contradictory results as
positive correlation (Turkyilmaz 2006; Turkyilmaz et al., 2009; Brizuela-Velasco et al.,
2015) or absence of correlation (Friberg et al., 1999; Da Cunha et al., 2004; Akca et
al., 2010; Fuster-Torres et al. 2011).

Thus, the present study aims to compare the primary stability and secondary
stability, measured by RFA, of Neodent Titamax Ti® implants of different lengths
installed in the posterior maxilla in areas previously submitted to maxillary sinus
elevation, as well as to evaluate the existence of a correlation between the results of
the RFA and the insertion torque in the evaluation of the primary stability of the

implants.
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Material and methods

Study Design

This Clinical Observational Study evaluated 20 implants (twelve 9 mm
implants and eight 11 mm implants), installed in 9 patients previously submitted to
maxillary sinus elevation using Bio-Oss® biomaterial (Figure 1). The patients were
selected at the Implant Dentistry Clinic of the Graduate Program in Dentistry of the
Pontifical Catholic University of Minas Gerais. This study was approved by the
Research Ethics Committee of the Pontifical Catholic University of Minas Gerais

(CAAE 53955215.0.0000.5137).

Inclusion and exclusion criteria

Patients previously submitted to maxillary sinus elevation using Bio-Oss®
biomaterial after a 6-month follow-up period were included in the study. The following
exclusion criteria were adopted: |) patients presenting any type of systemic disease
that contraindicated surgical procedures at the time of installation of the dental
implants; II) smokers; 1ll) patients with active periodontal disease; IV) patients
showing a graft remnant that made impossible to install implants at least 9 mm long
and 3.75 mm in diameter (graft remnant after the repair period and evaluated by

computed tomography).

Surgical procedure

Patients were submitted to face antisepsis with chlorhexidine gluconate (2%)
and oral solution with chlorhexidine mouthwash (0.12%) and local anesthesia with
2% lidocaine and epinephrine (1/100,000). The surgical procedure was performed

according to the protocol of the Neodent company (Curitiba, Brazil). With the use of
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the Bien Air® engine (iChiropro, Bienne, Switzerland), 20 Titamax Ti implants with an
external hexagonal interface, a diameter of 3.75 mm, and a length of 9 mm or 11 mm
were installed in the posterior region of the maxilla previously submitted to elevation

of the maxillary sinus using Bio-Oss® biomaterial.

Measurement of insertion torque
The Bien Air® electronic motor (iChiropro, Bienne, Switzerland) was used to
measure the insertion torque of the implants at the time of installation. This motor

was designed to register the insertion torque (expressed in N - cm) at the same time

as the implant installation. The recording of the insertion torque was completed as
soon as the implant reaches its final position and its rotation was interrupted by

friction with the peri-implant bone tissue.

ISQ measurement

After the implants were installed, the evaluation of their primary stability was
performed using the Osstell® device. This apparatus, through the RFA, then
determined the 1SQ. For this measurement, a specific Smartpeg for the implant
model used was adapted to the implant, and the device was brought close to it
without touching it, following the manufacturer's recommendations. Three
measurements were performed, separated by intervals of 5 seconds, from which the
median value was used to analyze the data. The RFA measurements were made by
the same operator at two points in time: T1) immediately after implant installation,

and T2) 90 days after implant installation.
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Statistical analysis

A D'Agostino-Pearson normality test showed that the data of the variables
Implant Stability Quotient (ISQ) and insertion torque have a normal distribution.

The paired t-test was performed to assess the existence of differences in 1ISQ
between T1 and T2. This analysis was performed separately: a) for implants grouped
independently of their length (9 mm or 11 mm), b) for the 9 mm implants, and c) for
the 11 mm implants.

A Student's t-test was performed to assess any differences in ISQ between the
9 mm implants and the 11mm implants. This analysis was performed separately on
T1l and T2. A Student's t-test was also performed to assess the existence of
differences in T1 insertion torque between the 9 mm implants and the 11mm
implants.

The Pearson correlation test was used to evaluate the existence of a
correlation between ISQ and "insertion torque" in T1. This analysis was performed
separately: a) for implants grouped independently of their length (9 mm or 11 mm), b)
for the 9 mm implants, and c) for the 11 mm implants.

The level of significance was set at 5%. Analyses were performed using

GraphPad Prism 6.05 software (GraphPad Software, San Diego, California, USA).

Results

In T1, when the implants were grouped (9 mm and 11 mm), the ISQ presented
a mean of 62.55 and a standard deviation of 8.88. In T2, this variable had a mean of
62.60 and a standard deviation of 10.81. No statistically significant difference was

observed in the ISQ between T1 and T2 (p> 0.05; Table 1; Figure 2A).
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When the 9 mm implants were evaluated separately, the ISQ presented a
mean of 65.83 in T1 and a standard deviation of 6.74. In T2, this variable had a mean
of 58.67 and a standard deviation of 11.80. No statistically significant difference was
observed in the ISQ between T1 and T2 (p> 0.05; Table 1, Figure 2B).

When the 11 mm implants were evaluated separately, the ISQ presented a
mean of 57.63 in T1 and a standard deviation of 9.84. In T2, this variable had a mean
of 68.50 and a standard deviation of 5.65. The ISQ was statistically higher in T2 than
in T1 (p <0.05, Table 1, Figure 2C).

When evaluating the existence of differences in ISQ between 9 mm and 11
mm implants in T1, the 9 mm implants had a statistically higher 1SQ (65.83 + 6.74)
than the 11 mm implants did (57.63 + 9.84) (p <0.05, Table 1, Figure 2D). In T2, the
11 mm implants had a statistically higher ISQ (68.50 + 5.65) than the 9 mm implants
did (58.67 + 11.80) (p <0.05, Table 1, Figure 2E).

In the insertion torque evaluation, no statistically significant difference was
observed between the 9 mm (28.93 + 5.24) and the 11 mm (27.39 + 4.40) implants
(p> 0.05, Figure 2F).

No correlation between ISQ and insertion torque was observed in T1 for
implants grouped independently of their length (p> 0.05, r = 0.17, Figure 2G), for
those of 9 mm (p> 0.05, r = 0.10, Figure 2H) or for those of 11 mm (p> 0.05, r = 0.13,

Figure 21).

Discussion
The purpose of the present study was to evaluate, through RFA and insertion
torque, the stability of implants installed in the posterior region of the maxilla in areas

previously submitted to maxillary sinus elevation using Bio-Oss®.
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Mechanical tests and radiographic examinations, as well as histological and
histomorphometric analyses, are used to evaluate osseointegration at the bone-
implant interface. In particular, insertion torque and RFA are methods used for
clinical evaluation of primary implant stability (Degidi et al., 2013).

In general, 1SQ values are predictive of implant stability when evaluated
repeatedly over a period of time (Zix et al., 2005). The measurement of 1SQ at two
points in time (T1 and T2) represents a way of comparing the primary stability and
secondary stability of implants (Katsoulis et al., 2012). In the present study, primary
stability was measured at time of implantation (T1) and after 3 months (T2) to assess
the possible impact of changes that occur around implants during osseointegration.
When the implants were grouped (9 mm and 11 mm), no statistically significant
difference was observed in the ISQ between T1 (62.55 + 8.88) and T2 (62.60 +
10.81) (p> 0.05, Table 1, Figure 2A). Similar results were found by Rabel et al.
(2007), whose study evaluated the stability of two implant systems and found no
significant difference between the mean values of ISQ obtained in the immediate
postoperative period and after 3 months of osseointegration when considering the
total number of implants.

Rasmusson et al. (2012), in a prospective study, compared the stability of
implants installed in grafted and ungrafted areas. Patients submitted to bilateral
maxillary sinus elevation with particulate bone showed an initial ISQ of 61.1 £ 5.5, a
result similar to that found in our study, where we obtained a mean ISQ value at T1
of 62.55 + 8.88. In addition, as observed in our study, no statistically significant
difference was found between the values of ISQ obtained in the first and second

measurements (T1 and T2), when considering the total number of implants.
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Antunes et al. (2013), when conducting a study in dogs to evaluate the stability
of implants installed in bone defects treated with Bio-Oss®, obtained a mean initial
ISQ value of 66.22 and a final value (after two months) of 63.00, similar values to
those found in our study.

In the present study, when the 9 mm implants were evaluated separately, no
statistically significant difference was observed in the ISQ between T1 and T2 (p>
0.05, Table 1, Figure 2B). However, when the 11 mm implants were evaluated
separately, a statistically higher ISQ in T2 than in T1 was found (p <0.05, Table 1,
Figure 2C). According to Olsson et al. (2003) and Balshi et al. (2005), implants
installed with high levels of primary stability do not reach the initial level of stability at
a later second measurement (secondary stability). These authors also observed that
implants with lower levels of primary stability tend to maintain or exceed the initial
stability level at a later time. The findings of these authors are in line with our results,
which showed that, even if the 9 mm implants had a statistically higher I1SQ in T1
than the 11 mm implants did (p <0.05; Table 1, Figure 2D), after a 3-month period
(T2), they did not reach the initial level of stability, instead presenting a statistically
lower ISQ than the 11 mm implants had (p <0.05; Table 1, Figure 2E). In fact, only
the 11 mm implants showed a statistically significant increase in the 1SQ from T1 to
T2 (p <0.05; Table 1, Figure 2C).

Since there was a statistically significant difference in 1ISQ between the 9mm
(58.67 + 11.80) and 11mm (68.50 + 5.65) implants (p> 0.05, Table 1, Figure 2E) in
T2 (3 months after implantation), our results suggest that implant length was a factor
that influenced ISQ values during osseointegration, considering that: 11mm implants

exhibited a statistically significant increase in the ISQ from T1 (57.63 + 9.84) to T2

(68.50 + 5.65) (p <0.05, Table 1, Figure 2C); the 9 mm implants did not show a
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statistically significant difference in ISQ when comparing T1 and T2 (p <0.05, Table
1, Figure 2B). Sim & Lang’s (2010) longitudinal evaluation of the factors that
influence RFA in Straumann implants of 8 and 10mm in length showed, during
osseointegration, a continuous increase in 1SQ values in 8mm implants and no
significant alteration of 1SQ in implants of 10 mm, the opposite results of those
observed in our study.

In the present study, insertion torque values were recorded during implant
installation, with no difference in insertion torque between 9mm implants and 11mm
implants (p> 0.05; Figure 2F). These values were also used to evaluate the existence
of a correlation between ISQ and insertion torque. No correlation was observed
between 1SQ and insertion torque at T1 for the implants evaluated, independently if
they were grouped (9 mm and 11 mm implants, p> 0.05, r = 0.17, Figure 2G) or
separated into 9 mm implants (P> 0.05, r = 0.10, Figure 2H) and 11 mm (p> 0.05, r =
0.13, Figure 2I). An absence of association between ISQ and insertion torque was
also found in previous studies. Stubinger et al. (2015), in a study carried out on an
animal model, found no correlation between the measures of torque (insertion and
removal) and ISQ values. Friberg et al. (1999), when comparing insertion torque and
ISQ measured in implants installed in the maxilla, found a significant correlation only
in the cervical third of the implants. However, its final results also showed no general
correlation between insertion torque and 1SQ. Da Cunha et al. (2004), using two
implant systems that were implanted in the maxilla and submitted to immediate
loading, did not observe a correlation between the values of insertion torque
(obtained by OsseCare® motor) and 1ISQ (measured by Osstell®) either. Dagher et
al. (2014) evaluated the existence of a correlation between RFA, insertion torque,

and BIC (bone-implant contact) in implants with four different surfaces (SLA®,
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SLActive®, TiUnite®, and Euroteknika®). A significant positive correlation between
RFA and insertion torque was found only in the SLA group. Regardless of the type of
implant surface, there was no correlation between RFA and BIC or between insertion
torque and BIC. The absence of a correlation between RFA and insertion torque
observed in our study and in the previously reported studies can be explained by the
fact that, although RFA and insertion torque assess the primary stability of implants,
these methods represent distinct characteristics: RFA is associated with resistance to
bending stress, which resembles the direction of the clinical load, and the insertion
torque represents resistance to shear forces (Sennerby & Meredith 2000). However,
studies that show a positive correlation between ISQ and insertion torque are also
described in the literature (Kahraman et al., 2009, Turrizilmaz et al., 2009, Brizuela-
Velasco et al). In this context, in a clinical study, Turkyilmaz et al. (2006) also found a
positive correlation between ISQ and insertion torque.

The main limitation of our study is its limited sample size. Regardless, our
results are similar to those of previous studies where a correlation between the
stability measurements obtained by RFA techniques and insertion torque was not
observed.

In conclusion, the results showed that, when installed in areas previously
submitted to maxillary sinus elevation, longer implants (11 mm) presented a
significant increase in 1SQ values during the healing period. This phenomenon was
not observed for shorter implants (9 mm). Finally, we did not observe any correlation

between the stability measurements obtained by RFA and implant insertion torque.
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Table 1. Mean and standard deviation of the ISQ of implants grouped (9 mm and 11

mm), implants of 9 mm, and implants of 11 mm.

Implants T1 T2 Mean of differences p value
Mean SD Mean SD (T2-T1)
9 and 11 mm 62.55 8.88 62.60 10.81 0.05 n.s.
9 mm 65.83 6.74 58.67 11.80 -7.16 n.s.
11 mm 57.63 9.84 68.50 5.65 10.87 <0.05
<0.05 <0.05

' p value obtained by the paired t-test: T2 versus T1
2 p value obtained by the Student’s t-test: 9 mm versus 11 mm

n.s. = not significant (p >0.05)
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Figure 1. Study design.
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4 CONSIDERACOES FINAIS

Avaliamos a estabilidade primaria e secundaria de implantes Neodent Titamax

Ti®, de diferentes comprimentos, instalados em sitios submetidos a elevacao de

seio maxilar. A estabilidade primaria foi mensurada por meio do torque de insercéo e

também pela andlise de frequéncia de ressonancia (ARF), os métodos mais

empregados na literatura. A estabilidade secundaria foi mensurada pela ARF.

Consideramos também relevante avaliar a existéncia de correlagdo entre os valores

obtidos por esses dois métodos, durante a avaliagdo da estabilidade priméaria.

Nossos resultados nos permitem concluir que, na regido posterior da maxila, em

areas previamente submetidas a elevacao de seio maxilar:

a)

b)

d)

implantes mais longos, com comprimento de 11 mm, apresentaram
aumento estatisticamente significante do 1SQ durante o periodo de
osseointegracao;

implantes mais curtos, com comprimento de 9 mm ndo apresentaram
diferencas estatisticamente significantes no ISQ durante o periodo de
osseointegracao;

implantes de 9 mm e 11 mm, quando avaliados conjuntamente, nao
apresentaram diferencas estatisticamente significantes no 1SQ durante o
periodo de cicatrizacéo;

nao foi observada correlacédo entre ARF e torque de insercao na avaliacédo
da estabilidade priméaria, independentemente do comprimento do

implante.
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BICMATERIALIS

Peaquisader: Karne Camara
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DADOS DO PARECER
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Apresantagao oo Projeto:

Trata-s2 de um Estudo Clinkzo Observaclonal no gual serfo seleclonados paclentes da Clinica de
Implantodontia do Programa de Pos-graduagdo em Odontologla da Pontificla Universidade Catoica de
Minas Gerals, submetidos 3 clrurgla de elevagdo do selo maxllar com diferentes blomaterials. Serdo
Insialados Implanies de conexdp extema na regido posteror da maxla, submetida previamenie 3 elevagdo
do selo maxllar. Apds a Instalagdo dos Implantes sera reallzada a avallagdo da estabiidade.
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Implante ao longa do
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