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Resumo

O protocolo Branemark® trouxe a possibilidade de uma nova modalidade de
tratamento para individuos totalmente edéntulos: as proteses fixas sobre
implantes. Como essa novidade n&o € acessivel a uma grande parcela da
populagao, em razao de fatores fisicos ou econdmicos, protocolos alternativos
tém sido realizados. Estudos indicam que reabilitagdes mandibulares totais
fixas sobre trés implantes parecem ser uma opg¢ao promissora, porém, além de
escassos, esses estudos apresentam diferencas na configuragado dos implantes
distais. Desta maneira, € apropriado acompanhar os resultados de reabilitagcdes
mandibulares totais fixas sobre trés implantes e investigar as consequéncias de
suas diferentes configuragcbes. Este estudo envolveu avaliagdo clinica e
mensuragdo do grau de satisfagdo dos pacientes com reabilitagdes
mandibulares totais fixas sobre trés implantes apés um ano e apds cinco anos
de uso. Além disso, avaliou o grau de deformacéao de diferentes configuragdes

de tal modelo de reabilitagéo.

As metodologias empregadas foram: analise clinica das proteses, analise
radiografica dos implantes, aplicacdo de questionario sobre satisfagdo dos
pacientes e ensaio de extensometria. Os resultados clinicos demonstraram
altos indices de sucesso dos implantes e das préteses; altos indices de
satisfacdo dos pacientes; os niveis 6sseos dos implantes retos foram piores
que o0s niveis Osseos dos implantes angulados. As complicagdes mais
frequentes foram o desaperto de parafuso e fratura da porg¢ao de resina das
proteses. Os resultados laboratoriais indicaram que as diferentes inclinagdes
dos implantes distais (reto, 17° e 30°) - em reabilitagdes mandibulares totais
fixas sobre trés implantes - ndo geram alteragdes significativas na deformagao,
na infraestrutura e/ou no modelo e que o local de aplicagdo de carga sobre o

cantilever influencia, de forma significativa, a deformagéao na infraestrutura.

Palavras chave: Protese dentaria, implante dentario, edentulismo, satisfacao
do paciente, estudo retrospectivo, extensometria.
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Abstract

The Branemark® protocol made possible a new modality of treatment for
edentulous individuals: Fixed implant prostheses. But for physical or economic
reasons this treatment is not accessible to many people. As an alternative,
complete fixed mandibular prosthesis supported by three implants have been
performed. Studies indicate that this alternative is promising, but are still few the
knowledge of the clinical results and the consequences of the different
configurations of this type of rehabilitation. In this way, it seems appropriate to
follow the results of fixed total mandibular rehabilitations on three implants and
investigate the consequences of their different configurations. This study
involved follow-ups to investigate the clinical results and satisfaction of patients
after one year and after 5 years of prosthesis and evaluation of deformation of
different configurations of this type of rehabilitation. The methodologies used
were: clinical analysis of prostheses, radiographic analysis of implants,
application of a questionnaire to know patient evaluation and extensometry
tests. Clinical results showed high patient satisfaction rates; high success rates
of implants and prostheses; bone levels of the straight implants were worse
than those of the angled implants and the most frequent complications were the
screw loosening and fracture of the resin portion of prostheses. The laboratory
results indicated that the different inclinations of the distal implants (straight, 17°
and 30°) in fixed mandibular rehabilitations on three implants do not generate
significant changes in the deformation in the infrastructure and / or the model,
and that the place of application of load on the implant cantilever influences

significantly the deformation in the infrastructure.

Key-words: dental implant, dental prosthesis, edentulous; patient satisfaction,
follow-up studies, strain gauge.
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1. Introducgao e Referencial Tedrico:

A expectativa de vida da populacdo mundial tem crescido e a populagcao
com 65 anos ou mais devera atingir 1,2 bilhdo de individuos em 2025 segundo
estimativas da Organizacdo Mundial de Saude (WHO, 1995). No Brasil,
resultados do Censo 2010 realizado pelo Instituto Brasileiro de Geografia e
Estatistica (IBGE) revelam que a populagao brasileira tende a um processo de
envelhecimento e projeta para a década de 2040 uma inversdo da piramide
etaria.

O edentulismo € um problema de saude publica, principalmente entre os
idosos, pois o comprometimento da saude bucal pode afetar o nivel nutricional,
0 bem-estar fisico e mental e diminuir o prazer de uma vida social ativa
(Werner et al., 1998, Cooper, 2009; Felton, 2009). Segundo a Organizagao
Mundial de Saude, o edentulismo é resultado de um sistema de saude
deficiente que afeta consideravelmente o padrdo de saude oral e geral e esta
fortemente associada a renda dos individuos (WHO, 1995, Petersen et al.,
2005). Embora a literatura relate o declinio na prevaléncia dessa condicdo em
paises que possuem dados epidemiolégicos confiaveis, o numero de individuos
desdentados necessitando de tratamento reabilitador € grande e essa
necessidade permanecera consideravel por muitas décadas (Muller et al.,
2007; Carlsson & Omar, 2010). No Brasil, considerando a populagao entre 65 e
74 anos de idade, 63,1% e 37,5% utilizam proteses totais nos arcos maxilar e
mandibular respectivamente e a porcentagem dessa populagdo que necessita
de préteses totais em um ou dois arcos é estimada em 38,3% (Ministério da
Saude, SB Brasil, 2011).

Anteriormente ao advento da implantodontia, a unica alternativa para
reabilitar pacientes desdentados totais era por meio da confeccédo de proteses
totais muco-suportadas. Essas proteses apresentam problemas de retencéo e
estabilidade causados principalmente pela reabsor¢édo da crista do rebordo,
especialmente na mandibula, prejudicando a mastigacao e fala. Além disso,
traz inseguranca e tensdo ao paciente pelo temor da protese se soltar
(Blomberg & Lindquist,1983). A descoberta da osseointegragao trouxe consigo
a possibilidade de reabilitar pacientes edéntulos seguindo o protocolo

preconizado por Branemark et al., (1983), sendo este protocolo uma alternativa



confiavel para reabilitacdo de tais pacientes e que alcangou altas taxas de
sucesso (Ogawa et al, 2010). Reabilitagdes orais com implantes minimizam o
problema da estabilidade e retencédo das préteses totais, contribuindo para que
0s pacientes tenham uma maior confianga durante o uso e equilibrando, assim,
suas condi¢gdes bioldgicas, psiquicas e sociais (Oliveira, 2001); permitem,
também, o aumento da forga mastigatéria, melhor preservacdo dos tecidos e
uma recuperacao relativa da propriocepgao intraoral, beneficios estes que
geram incremento da satisfagcdo do paciente, proporcionando consideravel
impacto no resgate das interagdes sociais e, consequentemente, melhoria
significativa da qualidade de vida. (Awad et al., 2003; Batista, Bonachela &
Soares, 2008, Van Kampen et al., 2004; Van der Bilt et al., 2006; Boerrigter et
al., 1995).

Contudo, o valor elevado de tal tipo de reabilitagcéo, aliado a impossibilidade
de fixacdo déssea em regides posteriores, impulsionou pesquisas sobre a
biomecanica de préteses implanto-suportadas e sobre diferentes desenhos de
modelos de reabilitagcdo oral, os quais possam simplificar o protocolo original
(Naconecy, 2006). Uma forma para a popularizagao deste tipo de reabilitagcao &
docorrente da reducdo do numero de implantes para trés - alternativa inspirada
no sistema Branemark Novum® - e que passou a ser uma realidade de
tratamento na pratica clinica (Branemark et al.;1995; Branemark et al.,1999;
Malo et al., 2003, 2005; Naconecy, 2006). Além da reducdo do custo, a
reducdo da necessidade de enxertos 6sseos e, consequentemente, diminuicao
do grau de morbidade nos pacientes submetidos as cirurgias de enxerto 6ésseo
autoégeno para futura ancoragem dos implantes (Naconecy, 2006).

A reducdo do numero de implantes exige que eles sejam colocados em
posicoes estratégicas para alcangar uma distribuicdo de forga favoravel. A
adequada estabilidade anterior tem que ser alcancada para suportar extensdes
cantilever que se projetam distalmente. Como alternativa para a diminui¢cao da
extens&o cantilever, tem sido indicada a inclinagao distal dos dois implantes
mais posteriores para aumentar o poligono de sustentagao da protese (Skalak,
1980). A técnica de implantes inclinados foi introduzida para casos seletos de
multiplas fixagdes em maxila e mandibula. Para proteses mandibulares tipo

Protocolo Branemark, quando os forames mentonianos se encontram baixos



em relacdo a crista alveolar, pode-se inclinar as fixagdes posteriores
distalmente para aumentar a superficie de ancoragem (Naconecy, 2006).

Atualmente, a Literatura apresenta estudos voltados para avaliagédo da
biomecanica o0ssea peri-implantar, segundo o0s quais reabilitagbes
mandibulares totais fixas sobre trés implantes podem ser realizadas (Hatano et
al., 2011; Rivaldo, 2012; Oliva et al., 2012). No entanto, a biomecéanica de um
protocolo esta também relacionada a outros fatores, os quais podem ser
influenciados por redugdées no numero de implantes e cujas consequéncias de
tais reducdes ainda nao foram esclarecidas. Rangert et. al.(1989), estudou a
biomecanica do protocolo preconizado por Branemark e descreveu que a
unidade de ancoragem dos implantes osseointegraveis consiste de um
implante, um abutment e um cilindro protético, unidos entre si pelo parafuso do
abutment (une o abutment ao implante) e pelo parafuso protético (une o cilindro
ao abutment). Portanto, as forcas adversas sobre as préteses implanto-
suportadas podem nao s6 comprometer a osseointegragao (Duyck et al. 2001,
Hoshaw et al. 1994, Isidor 1996, 1997), mas também podem causar o
afrouxamento do parafuso de pilar e falhas mecanicas (Bozini et al. 2011, Noda
et al. 2013).

Desta maneira, é apropriado acompanhar os resultados de reabilitagdes
mandibulares totais fixas sobre trés implantes a fim de gerar conhecimento
acerca de protocolos com reduzido numero de implantes e verificar seus
beneficios e consequéncias. Como a reducdo do numero de implantes em
reabilitacbes mandibulares totais fixas pode reduzir os custos do tratamento,
esse tipo de reabilitagdo pode ser acessivel a uma maior parcela da populacéo,
gerando impactos sociais positivos.
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2. Capitulos

Serdo apresentados trés artigos separadamente, sendo que cada um

corresponde a um capitulo.
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21. Capitulo 1:
Artigo publicado em WULFENIA Journal em 2017

Cavalcante LAL, Prado CJ, Zanetta- Barbosa D, Simamoto-Junior PC Clinical
outcomes and patients’ assessment of complete fixed mandibular prosthesis

supported by three implants: A Follow-Up Study. WULFENIA Journal 2017,
Nov; 24(11): 38-48.



VAL

\USTRIA I 1551561882

Clinical outcomes and patients’ assessment of complete
fixed mandibular prosthesis supported by three implants:
A Follow-Up Study

Luisa de Andrade Lima Cavalcante, DDS, MS, Célio Jesus do Prado, DDS, MS, PhD,
Darceny Zanetta-Barbosa, DDS, MS, PhD, Paulo Cézar Simamoto-Junior, DDS, MS, PhDr

Luisa de Andrade Lima Cavalcante (Corresponding author)
Dental School, Federal University of Uberlandia.
Department of Occlusion, Fixed Prosthodontics and Dental Materials.
Av. Para, n° 1720, CEP 38400-902, Bloco 4L, anexo A, sala 42, Uberlandia, Minas Gerais, Brasil.
Phone: 55-34-3218 22 22. E-mail: luisa.cavalcante(@gmail.com

Abstract

The purpose of this study was: (1) to retrospectively analyze the clinical outcome of a
complete fixed mandibular prosthesis supported by three tilted distal implants and (2) to assess patient
satisfaction with this type of rehabilitation. There were 15 participants included (mean age, 56.3 yrs,
age-range 38-69 yrs) with a mean time of 11.2 months after inserting the prosthesis. The bone level
was measured by periapical radiographs. To assess patient satisfaction with the prosthesis, patients
assigned visual analog scale (VAS) scores to their satisfaction. The implant survival rate was 97.77%,
and the prosthesis survival rate, 93.33%. The most frequent complication was the torque loosening of
screws. The mean bone level was 1.64 = 0.77 mm for the straight implants and 0.37 + 0.56 mm for the
tilted implants. The straight implants had a higher bone level when compared with tilted implants (p
<0.001). All of the patients reported satisfaction with the aesthetics of the prosthesis. The masticatory
ability was considered satisfactory by 86.67%, and 93.34% of the patients interviewed reported
satisfaction with prosthesis. Therefore, a complete fixed mandibular prosthesis supported by three

tilted distal implants may be an alternative implant treatment for rehabilitation of edentulous patients.

Keywords: Mandible, Jaw edentulous, dental implants, dental prosthesis, patient satisfaction, follow
up studies.

1. Introduction

Edentulism is a public health concern [1], considering the large number of edentulous
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individuals requiring rehabilitative treatment, and that this need will remain at a high level for many
decades [2]. There are authors who believe the elderly people rate in the next years will reach
significant levels [3] and that the increasing elderly population will result in increasing numbers of
edentulous patients [4].

The rehabilitation of edentulous patients can be achieved with conventional complete dentures
or with implant-supported dental prostheses [5]. The conventional denture has been shown to present
inadequate retention resulting in discomfort [6]. This discomfort does occur in dental implant
restorations. Implant dentistry is a reliable procedure to rehabilitate completely edentulous mandibular
arches [7].

At present there are different intraforaminal implant configurations for implant-supported
prostheses in an edentulous mandible, obtained by varying the number and distribution of implants, as
well as the inclination of the distal implants. The combination of implant tilting and reducing the
number of implants to three to support a mandibular complete fixed prosthesis appears to be a feasible
concept. By tilting the distal implants, the implant anchorage would be improved due to benefiting
from the cortical bone and increasing the polygonal area of prosthesis support [8-10].

Successful rehabilitation depends on goals shared by both patients and dentists [11]. Patient
satisfaction is an important goal to achieve in oral rehabilitation and it can be used to evaluate the
success of these rehabilitations [4]. The dentist should explain the possibility of either achieving or not
achieving this expectation, to prevent the results from causing frustration [5]. Patient satisfaction is
multifactorial phenomenon and may be associated with the patient’s expectations, age, sex, past
prosthetic history, and psychological factors seem to influence the rates of satisfaction after treatment.
However, the extent of influence of each of these variables is still unknown [4-5].

Thus, the aim of the present study was to retrospectively analyze the clinical outcome when
using a complete fixed mandibular prosthesis supported by three implants; and to check the patient
satisfaction with this type of rehabilitation, by testing the hypothesis that this would be a feasible

alternative for rehabilitation of edentulous patients.

1. Materials and methods:

Search strategy

The medical records were reviewed of all patients treated at the Implant Department of the
Dental School of the Federal University of Uberlandia, Brazil. The study was approved by the Human
Experimentation Ethics Committees (UFU No. 277/11). The exclusion criteria were: patients who
presenting contraindications to radiographic examinations. The inclusion criteria assigned were:
presence of a complete mandibular prosthesis supported by three implants, in function for at least 6
months, and supported by implants with a regular platform (4.1 mm). A total of 18 patients met the
inclusion criteria and were contacted by phone, and only 15 agreed to participate in the study. All
participants gave their free and informed consent. Fifteen patients, with a total of 45 implants were

included in the investigation. In most cases, the antagonist was a mucosa-supported complete denture;



VAL

\USTRIA ... ISSN:1361-882X

only one patient had the antagonist protocol supported by six implants.

Rehabilitation Protocol

To facilitate understanding, the description of rehabilitation protocol follows:

Under local anesthesia, the muco-periosteal flap was retracted, the mental foramina were
identified, and three implants with regular platforms (4.1 mm) and of varying lengths were placed in
the anterior mandible. The central implant was placed on the midline, and distal implants were placed
anterior to the mental foramina. The distal implants were tilted to decrease the length of the cantilever
(FigurelA). In the event that good initial stability was achieved (35N), abutments were inserted
(FigurelB), and impression copings were immediately made after suturing. In other cases, the tissue
was sutured, and only after 3 months was the second surgery performed, abutments were inserted and
impression copings were made. After this, the metal infrastructure was cast and tested for precise
adaptation and a passive fit (FigurelC). The artificial teeth mounted on wax were also tested. Then the
completed dental prosthesis was put into position; adjustments were made, and the screws were
tightened to the recommended torque (FigurelD). The base was adjusted to facilitate cleaning.

Evaluation

During follow-up, the patients were submitted to clinical examination by only one
professional. The evaluations of the survival analysis included the dates of implants and prosthetic
insertions, abutment characteristics, and complications. The prosthesis was removed to perform
clinical evaluations. During the clinical analysis, the torque of the screws, implant mobility, and
condition of the prosthesis were verified; and the intraoral periapical radiographs were obtained.

Assessment of Bone Levels

Periapical radiographs were taken using a radiographic positioner, which provided subsequent
radiographs that were taken at the same angle, for measuring marginal bone level. The developed films
were scanned on an HP Scanjet G4050 Photo Scanner (HP Brazil). The images were standardized at
300 dpi and 256 gray scales. The resulting digital images were analyzed and measured by a single
calibrated investigator using the program Radiocef Studio 2 (Belo Horizonte, Brazil). The distal
implants were measured only on the distal surfaces because of angulation, while the central implants
were measured on the mesial and distal surfaces.

Assessment of Patient Satisfaction

The patient satisfaction and opinions about their prostheses were evaluated by a visual analog
scale (VAS) in answer to the questionnaire composed of three questions, including questions about
mastication, satisfaction, and the aesthetics of the prostheses: (1) Are you satisfied with your prosthesis?
(2) Are you satisfied with the appearance of your prosthesis? (3) How do you evaluate your
masticatory ability? These questions were answered using a VAS consisting of a scale from 0 to 10,
with the extremes corresponding to “completely dissatisfied” and “totally satisfied,” respectively [12].
Patients who answered with score > 8 were considered satisfied.

Statistical Analysis

SPSS version 18.0 (SPSS, Inc., Chicago, IL) was used for data analysis. The characteristics of
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cases, complications and the results of satisfaction questionnaire were described. Pearson was used to
Test correlation between age and bone level or satisfaction. Kolmogorov-Smirnov tests were used to
test the normality of data distribution. The Mann-Whitney U-test was used to assess the degree of
association between the variables related to the bone level. P <0.05 was considered statistically

significant.

1. Results

Fifteen patients participated (mean age, 56.3 yrs, age-range 38-69 yrs) with a mean time of
11.2 months after inserting the prosthesis. In 73.33% of cases, the prosthesis was immediately loaded,
and 36.66% of distal implants received angled abutments. During the first 2 months, one distal implant
was lost, and another one was placed at the time of implant removal. During the follow-up, one
prosthesis was found to be unsatisfactory, and the fracture of screw retained prostheses had occurred
(Table 1). The survival rate of the implants was 97.77%, and that of the prosthesis, 93.33%. There
were no significant associations between age and bone level (axial implants or tilted implants) or
satisfaction (all P values >0.05).

The bone level observed varied between 0 and 2.89 mm. Bone level in a total of 15 axial
implants and 30 tilted implants was observed. Mean bone level was 1.64 £ 0.77 mm for the axial
implants and 0.37 + 0.56 mm for tilted implants. When the inclination of the implant was evaluated,
the researchers observed that axial implants had a higher bone level when compared with tilted
implants (p <0.001). The type of load, early or late, did not influence bone loss (p = 0.830). In tilted
implants, there was no difference in the type of abutment (p = 0.185).

All patients reported satisfaction with the aesthetic appearance of the prosthesis. The
masticatory ability was considered satisfactory by 86.67%, and 93.34% of patients interviewed

reported satisfaction with prosthesis (Table 2).

2. Discussion

The results of this study indicated that the hypothesis was accepted, so a complete fixed
mandibular prosthesis supported by three tilted distal implants may be a feasible alternative for
rehabilitation of edentulous patients. The protocols of four or more implants are considered safe
alternatives for treatment, and the success rate of implants and prosthesis found in this and other
studies of protocols concerning three implants were similar to rates found in restorations on implants.

The implant survival rate was 97.77% for 45 implants in 15 patients after a mean time of 11.2
months after inserting the prosthesis. These results together with those of other follow-up protocols
concerning three implants were encouraging [8-9]. This was similar to the results of the conventional
protocol supported by four to six implants whose survival rates varied from 98% to 100% [13]; and
better than success rates of 91.1% and 93% reported by Brdnemark with the Novum protocol [14].

In the prosthesis survival rate of 93.33%, one prosthesis was considered unsatisfactory

because it was not properly adapted to the abutments. To consider this misfit as a failure is
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questionable, because, in fact, it was a mistake of production. However, even with promising results, it
is possible that the system evaluated was more sensitive to failure because it worked with the
minimum configuration for support of a mandibular protocol. The result found was better than those of
others studied regarding complete fixed mandibular prosthesis supported by three implants, either with
or without the Novum protocol of 86.7% [15] or 92.4% [10] but lower than the all-on-four at 100% [16]
and the protocol with four or six implants at 97.7% [17].

The bone level is an important indicator of failures, with bone loss of 1.5 mm or less during
the first year being defined implant success [18]. In this study bone level varied from 0 to 2.89 mm.
Thus, some implants presented values that were higher than those defined as success. However, as
there was no other faulty indicator, such as mobility, the results observed for bone level were
considered successful. The mean bone level value was 1.64 + 0.77 mm for the axial implants — higher
values than those found in the other account of central implant bone levels in protocols with three
implants [13]. This variation may have been influenced by the type of radiography used in the
evaluation; the present study used periapical radiographs.

Some authors have affirmed that no significant difference could be found in the bone around
axial implants with respect to the tilted types at 12 months in function [19]. Our results were different;
the bone level observed in the axial implants was higher than that of the inclined implants, in
agreement with other authors [20]. Thus our results and the literature indicated good results with the
use of tilted implants in this type of rehabilitation.

The mean bone level values observed in this study (0.37 + 0.56 mm) were lower than those
observed in studies of a complete fixed mandibular prosthesis supported by three implants whose distal
implants were axial [13]. It may be that indications using tilted distal implants resulted in better
outcomes. This difference could be due to reduction of the cantilever, which may have received the
stress distribution [10; 14; 20-21], or because the tilted implants could be placed and anchored in
greater contact with cortical bone [14].

Immediate loading has certain advantages; the patient benefits include reduced time from
edentulism to function, and avoiding the uncomfortable period with removable dentures after implant
placement [22]. In this study, cases with immediate loading and delayed loading were included because
only cases that reached adequate primary implant stability were rehabilitated with immediate loading
[14]. There was no difference in bone level between implants with immediate loading and delayed
loading. According to reports in the literature, this indicated that immediate loading was comparable
with conventional or delayed loading [14; 21] and showed that if well indicated, immediate loading
had a high success rate.

The abutment type did not influence the bone level. Angled abutments were used to restore
tilted distal implants in order to correct the path of insertion or loading axis [17; 21]. The use of axial
abutments on distal tilted implants made access to the screws more difficult. Although some authors
have argued that the effect of abutment angulation on stress distribution around the distal tilted

implants was unknown [21]. According to the results and to studies evaluating the influence of types of
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abutments on the bone [8; 21], the choice of abutment did not influence the bone level.

The complication observed in this study was the torque loss of the retainer screw that
occurred in 5 implants. This could result from overloading [24], which may have been caused by an
occlusal load or a non-passive fit. In this study, one prosthesis was considered unsatisfactory because
it was not properly adapted to the abutments. This finding may be an indication that the casting of the
metal framework may have resulted in a small misfit, causing overload [25]. The use of an
infrastructure manufactured with prefabricated components and welding could be an alternative to
reduce the incidence of this complication [26]. Moreover, it should be considered that most of the
prosthetic components available in the dental market were not designed and developed for this type of
rehabilitation. New abutment and screw designs should be developed and tested for this new planning
reality.

The study results indicated that the large majority of patients were satisfied with their
rehabilitation, as could also be observed in other studies [13; 27]. The evaluation of patient satisfaction
conducted in this study was based on patients rehabilitated with overdentures [28]. Additionally,
studies regarding complete fixed mandibular prosthesis supported by three implants did not report the
methodology to assess patient satisfaction, a fact that prevented the authors from making a direct
comparison of the results. Two patients (13.33%) reported a considerably unsatisfactory level of their
masticatory ability, and one (6.66%) reported a considerable level of dissatisfaction with the prosthesis
(Table 2). The patient who reported an unsatisfactory level with his or her masticatory ability was the
patient who had an implant that was lost. The other patient who reported an unsatisfactory prosthesis
was also one who reported an unsatisfactory level with his or her masticatory ability. These patients
reported that they were afraid to chew normally because of these earlier complications. The
unsatisfactory prosthesis was replaced, and the other patient was instructed to chew normally.

The results of this study were encouraging; however, longer-term studies and larger samples
are necessary for better understanding of the behavior of this protocol. Despite the present limitations
of the study such as the sample size, incomplete charts, and the absence of radiographic records during

insertion of the prostheses, the study reproducing the true clinical practice [29].

1. Conclusion

It could be concluded that a complete fixed mandibular prosthesis supported by three tilted
distal implants had high success rates of both implants and prostheses. Moreover, screw loosening was
the most common complication in this type of rehabilitation and axial implants had a higher bone level

when compared with tilted implants. Finally, patients were satisfied with their rehabilitation.
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Figure 1: A - Verification of implant placement; B - Inserted abutments; C - Metal bar test; D
- Inserted prosthesis; E - Immediate radiography
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Table 1: Characteristics of cases and complications conditions
Condition Distribution of cases
Sex (by patient) Woman: n=10 patient; 66,66%.

Prosthetic load (by patient)

Inclination of implants (by implants)

Distal abutment characteristics (by distal
abutment)

Complication report
observed clinical

Complications during

analysis

Men: n=5 patient; 33,33%.

Immediatly load: n= 11 cases; 73,33%.

Delayed load: n=4 cases; 26,66%.

Axial implant: n= 15 implants; 33,33%

Tilted implant: n= 30 implants; 66,66%
Angulated Abutment: n= 11 abutments; 36,66%
Straight abutment: n=19 abutments; 63,33%.
Implant replacement report: n=1 implant; 2,22%.
Screw loosening report: n=4 patients; 26,66%.
Unsatisfactory prosthesis finding: n=1 case;
6,66%.

Loosened screw check: n=5 screws; 11,11%.

Fracture of screw: n=1 screw; 2,22%.

Table 2: Results of satisfaction questionnaire

Question Satisfied n(%) Unsatisfied n(%) (mean =+ Sd)
Are you satisfied with the 15(100) 0(0) 9,93+0,25
appearance of  your

prosthesis?

Are you satisfied with 14(93.34) 1(6,66) 9.46+0,91
your prosthesis?

How do you evaluate your 13(86.67) 2(13.33) 9,46+1,24

masticatory ability?
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Resumo

Este trabalho se propoe a conhecer os resultados de cinco anos de reabilitacoes
mandibulares totais fixas sobre trés implantes e investigar a satisfacdo dos individuos
que receberam este tipo de tratamento. Foi realizado o levantamento dos prontuarios,
avaliagado clinica e avalia¢do radiografica. A satisfacdo do paciente foi avaliada com
questionario, o qual foi respondido por meio de escala visual analogica (EVA). Os

resultados foram submetidos a andlise descritiva e, para verificar a ocorréncia de
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correlacdo entre o nivel osseo e o tipo de implante, foi utilizado o teste estatistico de
Mann-Whitney. Foram incluidos 15pacientes. A média de idade foi de 67 anos. A taxa
de sobrevida dos implantes foi de 97.77% e a taxa de sucesso das proteses de 93.33%.
As complica¢oes mais comuns foram desaperto do parafuso e fratura da por¢do de
resina da protese. Implantes retos tiveram valores de nivel osseo maiores do que
implantes inclinados (p <0,001). Todos pacientes relataram estar satisfeitos com a
estética e a reteng¢do da protese, 86,6% com a habilidade e 93.34% dos pacientes
declararam estar satisfeitos com a protese. Portanto, foram verificados bons resultados
apos cinco anos de reabilitagoes mandibulares totais fixas sobre trés implantes.

Palavras-chave: Protese dentaria, satisfa¢do do paciente, estudo retrospectivo.

Abstract

The aim of this study was to retrospectively analyze the clinical outcome of a complete
fixed mandibular prosthesis supported by three implants and to evaluate the patient
satisfaction. The medical records, clinical evaluation and radiographic evaluation were
performed. To assess patient satisfaction with the prosthesis was applied a
questionnaire composed of 4 questions about mastication, satisfaction, retention and
aesthetic of the prostheses through the use of a visual analog scale (VAS). Descriptive
statistics and Mann-Whitney Test were used. Fifteen patients were included. The mean
age was 67 years. The implants' survival rate was 97.77% and the prosthesis success
rate was 93.33%. The most common complications were screw loosening and fracture
of the resin portion of the prosthesis. Straight implants had a higher bone loss than the
tilted implants (p<0.001). All patients reported contentment with the aesthetic and
retention of the prosthesis, 86.6% with the masticatory ability and 93.34% of the
patients declared to be satisfied with the prosthesis. Therefore, good results were
verified after five years of fixed total mandibular rehabilitations on three implants.

Keywords: dental prosthesis, patient satisfaction, follow-up studies.



Introducio

O aumento da expectativa de vida, aliada a diminui¢ao da natalidade, resulta em
um processo de envelhecimento da populagdo mundial'. Este processo também ¢é
percebido no Brasil, pais que vivenciou expressiva elevacao da propor¢do de idosos em
sua populacdo nas ultimas décadas” *°. A elevada prevaléncia de edentulismo nessa
faixa etaria afeta aspectos fisiologicos, biologicos, psicoldgicos e sociais do cotidiano
das pessoas” ®7, devendo ser considerado um problema de saude publica, o qual
necessita de atencdo especifica para que seus agravos sejam minimizados. A perda
dentaria ¢ consequéncia do cuidado insuficiente e inadequado com a satde bucal no
curso da vida do individuo e sofre influéncia de varios fatores socioecondmicos’”. No
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Brasil, estima-se que mais da metade da populagdo idosa seja desdentada™
dado demonstra a necessidade de tratamentos protéticos que possam alcangar uma
ampla cobertura, que levem em consideragao as caracteristicas sociais do edentulismo e

que ndo negligenciem sua relagdo com a baixa renda da populagdo envolvida.

Anteriormente ao advento da implantodontia, a unica alternativa para reabilitar
pacientes edéntulos era com a confec¢do de proteses totais muco-suportadas, entretanto,
este tipo de reabilitacdo pode apresentar problemas de retencao e estabilidade da protese
devido a reabsor¢do da crista residual'?. A reabilitacdo de pacientes edéntulos utilizando
implantes minimizou tais problemas e se apresentou como uma opgdo confidvel .
Como o protocolo original de reabilitacdo total fixa sobre implantes ¢ uma alternativa
reabilitadora de custo elevado, protocolos alternativos - com reduzido nimero de
implantes - passaram a ser realizados e a diminui¢do do nimero de implantes para trés
apresenta vantagens que vao além da redugdo de custos, facilitando também a higiene,
reduzindo a necessidade de enxertos Osseos e, consequentemente, sendo capaz de
diminuir o grau de morbidade nos pacientes submetidos as cirurgias de enxerto 6sseo
autdgeno para futura ancoragem dos implantes'*'®.

Os dados da Literatura sobre reabilitagdes totais fixas sobre trés implantes

14, 19-23 . . -
’ , embora ainda sejam escassos € a maioria

apresentam resultados promissores
deles avalia apenas as taxas de sucesso, sobrevivéncia dos implantes e perda Ossea
marginal, ndo levando em consideracdo as taxas de sucesso das proteses, nem a
satisfacdo dos individuos reabilitados. A analise das préteses ¢ parte importante da
demonstragio de sucesso de uma reabilitagio®*, além disso, o sucesso da reabilitacdo

ndo depende exclusivamente da acuricia técnica, mas de processos adaptativos



individuais que interferem na aceitacdo da protese pelo usudrio™ *°. Portanto, para
conhecer os resultados clinicos de uma modalidade de tratamento, sdo necessarios
acompanhamentos e avaliagdes que incluam aqueles elementos individuais indicativos
de sucesso.

Diante do exposto, os objetivos deste estudo sdo conhecer o comportamento dos
implantes e da protese, a ocorréncia de complicagdes em reabilitagdes mandibulares
totais fixas sobre trés implantes e investigar a satisfagdo dos individuos que receberam

este tipo de tratamento.

Metodologia

O estudo foi aprovado pelo Comité de Etica em Pesquisa com Seres Humanos da
Universidade Federal de Uberlandia, sob o ntimero 1.522.961. Os participantes da
pesquisa foram selecionados através do levantamento de prontuarios do curso de
especializacdo em Implantodontia da Faculdade de Odontologia da UFU. Foram
incluidos pacientes atendiam aos critérios de inclusdo, concordaram em participar e
assinaram um termo de consentimento livre e esclarecido (TCLE).

Critérios de Inclusdo: O paciente deveria ter sido reabilitado com protese
mandibular total fixa sobre trés implantes com implantes distais inclinados; os
implantes deveriam ter conexao do tipo hexagono externo e com plataforma regular (4.1
mm).

Os prontuarios de todos os pacientes foram avaliados a fim de obter dados sobre
as datas da instalacdo dos implantes e das proteses. Foi também verificada a ocorréncia
de possiveis falhas e complicacdes. Durante a anamnese, o paciente foi questionado
sobre o motivo do edentulismo, suas condigdes sistémicas, habito de fumar e se houve a
necessidade de atendimento odontoldgico apds a instalagdo da protese para resolver
problemas relacionados ao tratamento.

Os participantes foram convocados para avaliacdo e coleta de dados quando as
proteses completaram cinco anos de uso.

No acompanhamento das proteses, foi considerado insucesso quando houve
necessidade de confeccdo de uma nova protese. As proteses foram acompanhadas
considerando os seguintes aspectos: fratura da por¢ao de resina da proétese, fratura da
estrutura metalica, fratura do parafuso, desaperto do parafuso protético e adaptagao
passiva aos pilares. Na avaliagdo do grau de aperto, o parafuso protético foi considerado

desapertado quando ndo demonstrava nenhuma resisténcia durante a remogao.



Considerou-se, assim, insucesso dos implantes quando nao havia a
osseointegragdo (ou sua perda), ou em caso da presenca de fratura do implante que
impedisse a integragdo dssea. O nivel dsseo mandibular foi avaliado por meio de
tomadas radiograficas realizadas utilizando-se um posicionador. Os filmes periapicais
foram digitalizados com imagem padronizada de tamanho 300 dpi e 256 escalas de
cinza. As imagens resultantes foram analisadas e mensuradas por meio de software
Image J (National Institutes of Health Bethesda, MD). As radiografias foram calibradas
por meio da largura da plataforma do implante. O nivel 6sseo foi mensurado pela
distancia entre a parte superior da plataforma do implante e o nivel da crista dssea, pois
o protocolo de reabilitagcdes totais sobre trés implantes da institui¢ao determina que os
implantes sejam instalados ao nivel da crista 6ssea. Nos implantes centrais, o nivel
Osseo vertical foi medido do lado direito e esquerdo; j& nos implantes distais foi medido
apenas o nivel dsseo distal pela inclinagdo dos implantes. Para analisar a presenca de
correlacdo entre o nivel da crista dssea e a inclinagdo dos implantes, a analise estatistica
foi realizada usando software 12.0 SigmaPlot, com 95% de intervalo de confianca e o =
5 %.

A andlise de satisfagdo foi realizada através do questionério que continha quatro
perguntas relacionadas a mastigacdo, estética e reten¢do da protese. Uma escala visual
analogica (EVA) foi utilizada para obter a resposta deste questionario. EVA consiste em
uma escala que contém os numeros de 0 a 10, sendo que os extremos representam
“totalmente  insatisfeito” e “completamente satisfeito” respectivamente®. Foi

considerado satisfeito se o paciente registrou pontuagdo acima de 7 na escala.

Resultados

Foram incluidos quinze pacientes (10 mulheres e 5 homens) que atenderam aos
critérios de inclusdo e aceitaram participar do estudo. A média de idade avaliada foi
67,4 anos (variando entre 47 e 79 anos). Destes pacientes, onze receberam carga
imediatamente apos a instalacdo dos implantes. Nos outros quatro casos, os implantes
sO receberam carga tardiamente.

Os pacientes incluidos no estudo possuem trés implantes instalados, sendo o
central reto e os distais inclinados, totalizando um total de dez implantes retos e vinte
inclinados. Oito implantes distais receberam mini-pilar angulado e os demais receberam
mini-pilar reto. Um paciente relatou ser fumante e seis relataram ter habitos

parafuncionais que incluem apertamento dental ou bruxismo.



A avaliag¢ao dos prontudrios revelou a ocorréncia de sete fraturas das porc¢oes de
resina das proteses, uma fratura do parafuso protético e nove desapertos de parafuso.
Revelou, também, a troca de um implante distal ocorrida ainda nos primeiros dois
meses apos a instalagdo de protese com carga imediata; o mesmo foi substituido assim
que a falha foi verificada e a protese reinstalada, gerando taxa de sobrevida dos
implantes de 97.77%. A analise dos prontuarios demonstrou a necessidade de troca de
uma protese ainda no primeiro ano de sua instalagdo, porque a mesma encontrava-se
desadaptada, resultando em uma taxa cumulativa de sucesso das proteses de 93.33%.

Durante avaliagao clinica, nao houve sinal de dor ou mobilidade relacionado aos
implantes; oito parafusos estavam desapertados e uma protese necessitou de reparo na
porcao de resina.

Os valores aferidos do nivel da crista 6ssea variaram de 0 a 5,3 mm; a média nos
implantes retos foi de 2,18 + 1,54 mm e nos implantes inclinados foi de 0,34 + 0,54
mm. Como os valores de nivel 6sseo apresentam distribuicdo ndo normal, o teste de
correlagdo ndo paramétrico Mann-Whitney foi utilizado e revelou correlagdo

estatisticamente significativa entre o nivel 6sseo e a inclinagdo do implante.

Nivel 6sseo

Implantes retos Implantes angulados

Graficol: Correlagdo entre o nivel 6sseo e o tipo de implante (p <0.001).



Quanto a satisfagdo, todos pacientes relataram estar satisfeitos com a estética e a
retengdo da prétese. A habilidade mastigatoria foi considerada adequada por 86.67% e

93.34% dos pacientes declararam estar satisfeitos com a protese.

Discussio

O envelhecimento da popula¢do mundial e a grande demanda reprimida do uso
de préteses totais, sobretudo entre os idosos pertencentes as classes sociais mais baixas,
tém impulsionado estudos que foquem nas necessidades proprias deste grupo
populacional. Estudos tém mostrado a possibilidade de reabilitar a mandibula destes
individuos com utilizacdo de trés implantes e sobre eles uma protese fixa. Esta
alternativa se apresenta como uma opg¢do para solucionar os problemas de retengdo e
estabilidade de proteses totais convencionais e para reduzir os custos dos protocolos
convencionais (com mais implantes).

Os resultados do presente estudo indicaram que, mesmo apos cinco anos, 0s
implantes apresentaram altas taxas de sucesso, o que corrobora com os resultados de

19, 23

outros estudos . Os dados demonstraram que, apesar de estudos laboratoriais

indicarem que a redu¢do do niimero de implantes gere mais tensdo, este acréscimo nao
resulta em mais falhas na pratica clinica®” **.

A avaliacdo da protese se justifica, porque o sucesso de um tratamento também
depende desta parte da reabilitagio’*. No presente estudo, as proteses apresentaram altas
taxas de sucesso, uma vez que somente uma protese necessitou de troca ainda no
primeiro ano de uso devido a desadaptagao.

No entanto, as complicagdes encontradas demonstram a necessidade de estudos
voltados para o comportamento biomecanico deste tipo de reabilitacdo. A complicacdo
mais comum foi o desaperto de parafuso, complicagdo esta normalmente associada a
sobrecarga®. Estudos demonstram que a redugio do numero de implantes para
reabilitacdo total inferior gera maior tensio nos componentes que fixam a protese™ e
sugerem que apenas trés implantes ndo proporcionam estabilidade suficiente para
suportar a carga oclusal®'.

A fratura da por¢do de resina da protese também ocorreu com certa frequéncia.
Este tipo de complicagdo ndo ¢ raro em outros tipos de proteses, podendo ocorrer
devido a fadiga do material em fun¢do da carga mastigatoria ou devido ao pouco espaco

disponivel em virtude da presenca da barra metalica®”.



A média do nivel 6sseo dos implantes distais observada neste estudo foi inferior
ao observado em estudo com protocolo sobre trés implantes retos>, podendo indicar
que a utilizacao de implantes inclinados resulta em melhores resultados. Esses resultdos
podem ser atribuidos a redug¢do do cantilever, que pode favorecer tanto a melhor

distribuicdo de tensdo>>¢

, quanto o maior contato dos implantes inclinados com 0sso
cortical’*. No presente estudo, quando comparados os valores de nivel dsseo de
implantes retos com os de implantes inclinados, foi observado nivel 6sseo maior nos
implantes retos, resultado concordante com o relatado em uma metanalise anterior°.

Uma reabilitagcdo deve proporcionar ndo apenas melhora de fun¢do, mas também
a reintegracdo ao convivio social® e, por isso, ¢ de grande importincia conhecer a
opinido do paciente reabilitado. Os resultados obtidos neste estudo sugerem que a
maioria dos pacientes estd satisfeita com o tratamento. Graus semelhantes de satisfacdao
também foram relatados por outros autores™>*,

Os resultados deste estudo foram encorajadores. Apesar das limitagdes presentes
no estudo, o mesmo avaliou os resultados de reabilitagdes previamente instaladas,

reproduzindo, assim, a realidade da pratica clinica.
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Abstract:

Complete fixed mandibular rehabilitations supported by three implants have
been performed with different distal implant inclination and cantilever lenth. This
variation could influenced the bone and infrastructure deformation. The
extensometry test was performed and measured in two sites: model and
cantilever. Three loading positions: on the distal abutments; at 5.6 mm from the
distal abutment (denominated standard site) and at the end of the cantilever.
For each group, loading was applied from the right and left sides of each
infrastructure, totaling 8 loadings on the abutments; 8 on the standard site; and,
8 on the end of the cantilever. Higher deformation in the model were observer
with the distance of cantilever independent of the group, but no diference

statistically were found: On the prosthetic infrastructure, the implant inclination
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ranger resulted in no statistically significant deformation when the load was
applied on the distal abutment and on the standard site; but when the load was
applied on the end of the cantilever with the implant inclined at 30°, lower
values were shown. The authors concluded that the inclination of the implant
did not generate significant change in the deformation generated in the bone
and/or prosthetic infrastructure, and that the site of load application on the
cantilever had a significant influence on deformation in the infrastructure.

Descriptors: dental implant, dental prosthesis, edentulous; strain gauge.

Introduction:

Mandibular protocols on three implants have been performed with the
purpose of extending access to this type of treatment to edentulous patients,
and have presented promising results'™. These protocols consist of a complete
fixed dental prosthesis supported on three implants. The implants are inserted
in the interforaminal region, with one central implant inserted in the midline of
the mandible, and two distal implants inserted close to the mental foramina®>.
Complete mandibular rehabilitation on implants placed only in the anterior
region of the mandible is considered a reliable technique, however, this is
normally associated with bilateral cantilevers, because to provide satisfactory
masticatory capacity, the complete rehabilitation should extend up to the molar
region®. The cantilever length may influence marginal bone resorption, and
consequently be associated with technical and biological complications. To
reduce the cantilever length, some authors have suggested using tilted

implants®®.

This would also enable the use of longer implants, thereby increasing
bone anchorage and reduce the need for bone grafting procedures in the
posterior regions of the arches®®. However, there are few experimental studies
that have evaluated the mechanical demands of different configurations of this

type of rehabilitation.

For these evaluations, techniques frequently used in engineering may be
applied in biomedical areas. Extensometry is a methodology used for the
measurement of microdeformations in structures, when these are submitted to

mechanical forces. It is considered a measurement that analyzes a physical



effect, based on electrical measurements taken with an extensometer, when
static or dynamic loads are applied on a test specimen. The slightest
mechanical change is captured and alters the electrical resistance, allowing the
microdeformation to be recorded®'". Therefore, the aim of this study was to
verify the deformations by means of extensometry, in protocols supported on
three implants with different distal implant configurations (straight, inclined at
17° and 30°). The purpose was to test the hypothesis that: (1) increase in the
distal implant inclination would proportionally generate an increase in the
microdeformation in the model and prosthetic infrastructure when the site of
load application was the same site, and (2) when the load fell on the end of the
cantilever, the smaller the cantilever was, the lower would be the

microdeformation generated in the model and prosthetic infrastructure.

Material and methods:
Specimens

Three master models made of acrylic resin were fabricated to represent
the edentulous mandible; each of them measured approximately 9.5 mm thick,
21 mm high, and 116.6 mm long. The position of the analogues represented the
position of the implants in this type of protocol, therefore, the central analog was
always straight, and variation in the distal analog inclination determined the
experimental groups, as shown in Table 1.

The mini abutments were inserted, and on them copings (144004,
Conexao Sistemas de Prétese, Aruja-SP, BR) were placed with a torque of
10N. Pre-fabricated titanium bars 3.4 mm in diameter were cut and positioned,
later to be soldered to the titanium copings TIG arc welding (Tungsten Inert
Gas, Soldadora NTY 60 Compact, Kernit Ind. Mecatronica Ltda, Indaiatuba —
SP, BR).

The distal bars (cantilevers) suspended from each infrastructure were cut
according to the group to which they belonged, so that the total length of the
infrastructures would be equal, irrespective of the group to which they belonged.
(Table 1).

Table 1 — Division of experimental groups and cantilever lengths (mm)



Experimental Group Cantilever length

Straight 15mm
17° 9.7 mm
30° 5.6 mm

Strain Gage Application and Measurement

Extensometers, type PA-06-038AB-120-LEN (EXCEL SENSORES, SP,
Brazil) with gage factor of 2.13 were fixed with cyanoacrylate adhesive to the
models and prosthetic infrastructures: on the model, the extensometers were
fixed on the point immediately after the last implant on the right and left sides
(Figure 1a). The prosthetic infrastructure recieve the strai gauge in the inferior
region of each cantilever (one right and the other left) (Figure1b). The strain

gauges was fixed on the highest flexural demand of infrastructure.

Figure 1: a) Positioning the extensometer on the model; b) Positioning the
extensometer on prosthetic infrastructure.

The deformation measurement of each extensometer was separately
recorded, the connection of the extensometers with the data acquisition board
was configured to a half Wheatstone bridge circuit which allowed the
deformation caused by thermal effects to be compensated. The extensometers
were connected to the data acquisition board and data were captured by means
of specific software (Lynx, Sdo Paulo, SP, Brazil).

Machine and Test Procedure



The tests were performed with a universal test machine (EMIC DL 2000).
The machine was fitted with a metal table to sustain and support the model
during load application. The load with the following characterization was
applied: load cell of 500Kgf; descent direction at a speed of 0.5mm/min; return
speed of S5mm/min; maximum load limit of 100N; collapse limit of 20%;
maximum displacement of 5 mm. The force measured by the load cell and
deformations measured by each extensometer were zeroed before the test.
Load Application Sites

There were three loading positions: on the distal coping; at 5.6 mm from
the distal coping (denominated standard site) and at the end of the cantilever.
The standard site was determined by the shortest cantilever length among the
groups (Group 30°); the purpose of applying load on this position was to verify
the occurrence of difference among the groups by isolating the variable
cantilever length. For each group, loading was applied from the right and left
sides of each infrastructure, totaling 8 loadings on the coping; 8 on the standard
site; and, 8 on the end of the cantilever.
Data Analysis

The data were tabulated, the mean, median and standard deviation
values were calculated for each of the groups evaluated, and then submitted to
statistical analysis. The Shapiro-Wilk normality test was applied. For
comparison of the groups Kruskall-Wallis test followed by the multiple
comparison test with Bonferroni correction were applied, because the data did
not follow normal distribution of probability. All the tests were applied using a
level of significance of 5 % (p<0.05). The procedures were performed by using
the SPSS v.20 software.

Results:

In the model, the variation in implant inclination resulted in no statistically
significant difference independent of loadings site. In the group with straight
distal implants, when we compared the loading on the abutment and on the with
cantilever the lowest deformation accur on the end cantilever. Whereas, loading
on the standard site presented statistically similar results, irrespective of
whether they were the results of loading on the cantilever or loading on the

coping.



Table 2: Deformation (A¢) in the model

Implant Load Application
Inclination
Abutment Standard Cantilever
Straight 62.59 (23,3;152,1) b 134.71 (51,6; 173,0) ab 239.95 (61,3;440,2) a
17° 133.39 (52,3; 355,3) ab 513.98 (123,8; 1158,6) a 580.92 (159,2; 1652,3) a
30° 60.94 (25,2; 176,6) b 309.95 (17,1; 1456,6) ab* 309.95 (17,1; 1456,6) ab*

Legend: Median (minimum value, maximum value). At least one equal letter indicates no
significant difference (p > 0.05) among groups and all different letters indicate there was

difference (p < 0.05) among groups.

On the prosthetic infrastructure, the results showed that the variation in
implant inclination resulted in no statistically significant difference when the load
was applied on the distal coping, and the same occurred when the load was
applied on the point determined to be the standard site. However, when the
load was applied at the end of the cantilever, there was statistically significant
difference, showing that the group with the implant inclined at 30° presented the
lowest values in comparison with the other groups.

Table 3: Deformation (A¢) in prosthetic infrastructure

Implant Load Application
Inclination
Abutment Standard Cantilever
Straight 3.66 (1,1;10,4) ¢ 545.33 (234,7;,1055,4) b 2848.44 (2361,2;3127,4) a
17° 5.02 (0,6; 13,5) ¢ 469.70 (330,0; 876,7) b 1173.01 (827,2; 1792,3) a
30° 2.51(1,1;144) ¢ 757.05 (369,2; 891,3) b* 757.05 (369,2; 891,3) b*

Legend: Median (minimum value, maximum value). At least one equal letter indicates no
significant difference (p > 0.05) among groups and all different letters indicate there was

difference (p < 0.05) among groups.

Discussion:
The hypothesis of this study was not accepted, because when the load

was applied on similar sites - on the abutment or on the standard site - the



implant inclination did not result in an increase proportional to that of
microdeformation in both the model and prosthetic infrastructure. The factor that
determined difference in the results of microdeformation in the metal
infrastructure was the site of load application and not the distal implant
inclinations. Moreover, when the load was applied on the end of the cantilever,
the microdeformation generated in the model presented no statistically
significant reduction, accompanying the reduction in cantilever length. Whereas,
microdeformation in the prosthetic infrastructure in the group with the shortest
cantilever length (30°) was statistically lower than that of the others. These
results suggested that distal implant inclinations do not determine the increase
in microdeformations, or prosthetic infrastructures, or bone, which was
represented by the model.

The literature has suggested that mechanical stress on the bone
diminished when the implant inclination was greater'*'*. However, in these
studies, the reduction in stress generated in the bone could not be attributed to
the implant inclinations alone, because the variable cantilever was not isolated,
and the load was applied on the end of the cantilever. When the loading was
applied on the end of the cantilever, the variable cantilever length was added to
the other variables and could influence the generation of microdeformations;
however, in the present study, the group with the shortest cantilever (30°) did
not present lower microdeformation values in the model than those of the
others.

When the loading was performed on the abutment or standard site, the
variable cantilever length was isolated, and it was possible to compare the
result of variation in implant inclination in isolation, and the result presented
suggested that clinically, the inclination of implants in this type of rehabilitation
would not result in longer or shorter implant survival, and the dental surgeon
could choose the most feasible implant inclination in each case, without this
determining greater overload than that of the others.

In the group of straight distal implants, the results found in the model
demonstrated that loading on the end of the cantilever generated higher
microdeformation values than those on the coping, and the loading on the
standard site was intermediate between them. This was in agreement with the
literature, demonstrating that the increase in the cantilever arm promoted an



increase in stress concentration around the implant terminal’®®. In the groups
of inclined distal implants, in spite of the trend towards higher microdeformation
values as the load was applied further from the coping, the variation in the load
application site did not change the microdeformation values in a statistically
significant manner, which suggested that inclination of the implants did not
interfere in this pattern of behavior.

The load application site also influenced the generation of
microdeformation values in the prosthetic infrastructure (cantilever) as the
results were lower when loading was applied on the coping, and increased as
the loadings were applied further from it. Moreover, in the prosthetic
infrastructure, although the variation in the cantilever length between the groups
with straight distal implants (15mm) and those with distal implants inclined at
17° (9.7mm) did not result in a statistically significant difference. The group with
the shortest cantilever length (5.6mm) presented statistically lower
microdeformation values than the others when the load was applied at the end
of the cantilever. These results are in agreement with the literature that has
suggested that longer cantilevers cause greater moments of flexure; that is,
when implant-supported dental prostheses have cantilevers, the occlusal
stresses are concentrated on the extensions of these'” and therefore, the longer
cantilever length generates moments of flexure that cause greater stress,
capable of harming the dental prosthesis structure®.

The results presented high standard deviation values and non-normal
distribution, differently from that which occurred in others studies. This
difference must be attributed to the difference in methodology, because while
Francetti et al. used only one infrastructure of each group, and applied repeated
loads on it, the present study used 4 different infrastructures in each group and
the load was applied only once in each site of application. The use of a larger
number of infrastructures, in spite of having resulted in non-normal distribution
of the data, provided a closer simulation to the situation that occurs in clinical
practice.

In spite of this, the present study does not propose to affirm that the
values found coincide precisely with the situation that occurs in vivo, but the
methodology used allowed the authors to recognize whether the

microdeformation, which occurred in bone and the prosthetic infrastructure -



here represented by the model, was influenced by the inclination of distal
implants and by the site of load application. Although the methodology
presented limitations, such as the impossibility of placing the extensometer
exactly at the bone-implant interface, and the manual insertion of diverse
extensometers, the methodology is widely applied in similar studies, and is
among the main methods used and accepted in implant dentistry for
biomechanical evaluation® 8 1% 19,

To provide dental surgeons with backing, further clinical or laboratory
studies with the possibility of simulating the clinical situation, such as finite
element analysis are required. This would be important to evaluate the
biomechanical behavior towards different configurations of this rehabilitation,
considering that the alternative protocol using three mandibular implants has

presented good clinical results® +* 2°.

Conclusion

Within the limitations of this study, we were able to conclude that:

- implant inclination did not generate significant change in the bone and/or the
prosthetic infrastructure;

- the load application site significantly influenced the deformation in the

infrastructure.
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3. Conclusodes gerais

Dentro das limitagcbes dos estudos, os resultados indicam que
reabilitagdes mandibulares totais fixas sobre trés implantes sdo uma alternativa
promissora para reabilitacbes de pacientes edéntulos. Os estudos clinicos
mostraram altas taxas de sucesso dos implantes, das proteses e elevada
satisfacdo dos pacientes. As complicagdes observadas foram desaperto do
parafuso e fratura da porcdo de resina. Estas falhas estdo relacionadas a
porcao protética da reabilitacdo e, apesar de ndo serem falhas catastroficas,
podem causar certo desconforto, necessidade de retornos frequentes e um
possivel aumento dos custos de manutencdo. As analises laboratoriais da
deformacédo das reabilitacbes mandibulares totais fixas sobre trés implantes
demonstraram que a variagcdo da inclinagdo dos implantes distais em retos -
inclinados em 17 ou 30 graus - nao provoca alteracdo significativa na
deformagéo gerada no 0sso e/ou na infraestrutura protética, permitindo, assim,
que os profissionais escolhnam a melhor opgdo para cada caso. Em relacao a
deformagao da infraestrutura houve significativa deformacao considerando a
variagao do ponto de aplicacdo da carga, portanto, deve-se priorizar cargas

mais proximas aos implantes distais.
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deve receber Uma via onginal do Termo de Consentrmentd Livre € Esclarecds, na integra, por eie as3inada.
* O pesquisador deve desenvolver 3 pesquiza conforme delneada ne protocoio aprovado & desconsnuar o
estudo somente apds andiise das razfes da descontinuidade peio CEP gue © aprovou (Res. CNS 46612),
SuarIandd teu DAFECET, EXCE1D QUANGD DETCEDEr NECO CU daNo NS0 previsto a0 PArSCpants 43 pesquisa ou
Quando CoNSINT 3 Supenoridade de regime oferecico 3 UM OO QrUpos 43 pesguisa gue regueiam aclo
Imegiata.

* O CEP geve sor nformad de 19005 05 efelos aaversos ou fa1s reievantes que aitere= o curso normal 9o
es%udo (Res. CN3 466/12). E pape! de o pesauisador assegurar medidas Imedistas adequadas Fente o
EVEnSD SOVErI0 Qrave ocormido (mesmo gue tenha Tido em ocutro centro) & enviar notficaclic so CEP & &
Agéncia Nacicnal de Vigiancia Sanitarta — ANVISA = Junto com seu posicionaments.

+ Eventuals mod®cacles ou emendas 30 protocoic devem ser apresentadas ao CEP oe forma ciara e
sucinta, IGentNcandd 3 DAME 00 DFOtOCCo 3 S&F MOdTCaaN & Suds JSUfcatvas. Em Cas0 Of projetns do
GREo | ou ll 3Dresentados ANEriormente 3 ANVISA, 0 DESQUSIO0T OU CATDCINII0T OEVE EMtS=35 ambdem
4 mesma, Junio com © parecer aprobattrio oo CEP, para serem juniadas 30 protocolo Inicial (Res 25197,
ftem 112.¢)
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