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Resumo
Introdução: O comprimento do cantilever da infraestrutura de prótese implanto-suportada tem sido
considerado um importante fator de transferência de força de oclusão para o implante dentário. Objetivo:
Esse trabalho avaliou a influência das diferentes extensões do cantilever da prótese sobre implantes tipo
protocolo de Branemark submetidas à termociclagem mecânica pela avaliação dos afrouxamentos dos
parafusos de fixação. Material e método: Os grupos G10 (n=5), G15 (n=5) e G20 (n=5) foram formados de
acordo com a distância, em milímetros, entre o local de aplicação de força no cantilever e o centro do
último implante. Todas as barras (n=15) foram submetidas a carga vertical cíclica de 120 N em uma
máquina de simulação de mastigação (MSM-Elquip, São Carlos/SP, Brasil), em condições de temperatura e
umidade controladas. Foram realizados 250 mil ciclos mecânicos com frequência de 2 Hz que simulou
uma atividade mastigatória correspondente a 3 meses. Para comparar os dados obtidos quanto à soltura
dos parafusos da barra, a posição dos implantes e os locais de aplicação de carga, foi realizada a análise de
variância com dois fatores e o teste de Tukey. Resultado: A análise estatística mostrou que o grupo G10
apresentou maior perda de torque, diferente estatisticamente de G15 (p=0,001) e G20 (p=0,002) e que
não houve diferença significante entre os grupos G15 e G20. Conclusão: Pode-se concluir que todos os
parafusos apresentaram perda de torque após o ensaio simulando uma atividade mastigatória de 3 meses,
sugerindo a necessidade de avaliação clínica periódica afim de prevenir fracasso no tratamento.
Descritores: Implantes dentários; prótese dentária cirúrgica; dentadura fixada por implante; conexão
implante dentário-pivô.

Abstract

Introduction: The cantilever length of implant-supported fixed prosthesis metal structure has been
considered an important factor to transfer occlusion forces to the dental implant. Objective: This study
evaluated the influence of different extensions of cantilevers of Branemark protocol implant prosthesis
when submitted to mechanical thermocycling by screw loosening evaluation. Material and method: The
groups G10 (n = 5), G15 (n = 5) and G20 (n = 5) were formed according to the distance in millimeters
between the force application site in the cantilever and the center of the last implant. All metal structures
(n = 15) were submitted to a 120 N cyclic vertical load in a chewing simulation machine (MSM-Elquip, São
Carlos-SP, Brazil) under controlled temperature and moisture conditions. Two hundred and fifty thousand
mechanical cycles were performed with a frequency of 2 Hz that simulates a masticatory activity similar to
3 months. To compare the data obtained regarding the loosening of the metal structure screws, implant
position and sites of load application, the analysis of variance with two factors and the Tukey test were
performed. Result: Statistical analysis showed that the G10 group presented greater torque loss,
statistically different from G15 (p = 0.001) and G20 (p = 0.002), and there was no significant difference
between groups G15 and G20. Conclusion: It can be concluded from the results that all the screws
presented torque loss after simulation of 3 month masticatory activity, suggesting the need for periodical
evaluation to prevent failures in the treatment.
Descriptors: Dental implants; dental prosthesis; denture, implant-supported; dental implant-abutment design.
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INTRODUCTION
The success of an oral rehabilitation is related to the use of adequate techniques and
materials that allow a fixed prosthesis supported by teeth or implants presenting a uniform
distribution of forces and an exact and passive adaptation1. With the development in the dental
area, more options of techniques and materials are being made available to dentists, in addition
to conventional techniques. The implant does not have periodontal ligament, therefore, it
presents no adaptive capacity as the tooth, consequently, in the implant prosthesis, the passive
fitting of the framework is an important requirement for the success of the dental treatment2.

The implant prosthesis type Branemark protocol is universally accepted for the
rehabilitation of complete edentulous3,4. This is a type of prosthesis that uses a metal
framework with distal extension, usually bilaterally, with a variable extension, called cantilever.
The lever-arm produced by the cantilever is considered one of the causes of mechanical
problems in the prosthesis, implant and bone tissue. One of these mechanical problems is the
loosening of the prosthesis fixation screws5,6, that can be associated with the mismatch of
prosthetic components7,8. The screw retention loss occurs when the masticatory loading causes
sliding of the screw threads and vibrations, resulting in detorque and damages to the screwed
bolt9. The load resulting from the function also is transmitted to implant-abutment interface and
crestal bone, directly affected by the biomechanical behavior of the components6. As a result,
rotation and deflection movements derived from mismatch can cause bone resorption over
time8.

Screw loosening is a technical problem most encountered in extenally connected abutments6.
Such complication relates to screw-closing torque and an non-accurately fitted framework5,10,
showing an incidence of 6,7% in 5 years5, when used in fixed partial dentures. In a previous
study, after a 30Ncm torque, the detorque observed was 16.24 Ncm for calcinable abutments
and 13.91 Ncm for overcasted abutments after applying a cyclic load of 130N and 2Hz,
presenting similar behavior with clinical use9. Loosening or detorque of the screw can decrease
the clamping forces, causing misfits, which can lead to biologic and mechanical complications11.
A perfect fit is not achieved by multiunit implant-supported dentures11, when associated with
the lever-arm originating from the cantilever it can lead to undesirable forces in the functioning
of the prosthesis. Optimizing stress distribution is the goal of rehabilitation with dental
implants. Strain gauge studies to understand the stress distribution in abutments and
frameworks were performed10,12,13, but the specific effect of cantilever on screw loosening still
needs further studies. The objective of this study was to evaluate the influence of treedifferent
extensions of the cantilever framework for implant prosthesis type Branemark protocol, when
submitted to mechanical thermocycling. The hypothesis tested was that longer length of the
cantilever leads to higher screw detorque.

MATERIAL AND METHOD
The master model was constructed from a transparent acrylic resin lower jaw model
(Nacional Ossos, Jau, SP, Brazil) with four replicas of mini conical abutment with 4.1 mm in
diameter (Conexão, São Paulo, Brazil), simulating a fixed prosthesis Branemark-type protocol
with 4 implants. The sample size (number of implants for each group) was determined by
means of a previous study11. The difference between mean detorque in passive dentures
titanium implants was 1.0 (95% of CI, power of 80%, variance of 0.7 and 0.8). The sample size
analysis pointed the need for 8 implant replicas for each group, 20 were used.
To transfer the position of the mini conical abutment replicas, four miniconical square
transfers (Conexão, São Paulo, Brazil) were adapted to the replicas in the master model, joined
with dental floss and acrylic resin (Duralay - Reliance Co, Worth Illinois - USA). After
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polymerization, the resin-dental floss set were cut between transfers with a #170L carbide bur
to compensate the stress of acrylic resin polymerization shrinkage. The sectioned parts were
then rejoined with acrylic resin (Duralay, Reliance, Worth, Illinois, USA). The impressions were
made with condensation silicone (Zetaplus System-Zhermack), and the light material was
deposited directly on the ferulized transfers and the heavy material in the impression tray. After
polimerization of the impression material, the impressions were removed from the master
model with the transfers grabbing onto the impression material. For the preparation of the
gypsum cast, replicas were adapted in the transfers and the gypsum was poured into the
impression, the process was repeated until obtaining 3 models.

Miniconical plastic cylinders (Conexão, São Paulo, Brazil) were adapted to the gypsum cast.
Acrylic resin bars (Duralay, Reliance Co - USA) measuring 5 mm high and 4 mm wide, were
attached to the plastic cylinders with wax (Renfert, Germany). A thin layer of wax was applied
throughout the set, in order to obtain a standardization of the patterns. To obtain the metal bar
in Co-Cr, the one-piece patterns were included in metal-cast investment and after casting were
kept on the bench at room temperature for 1 hour to avoid dimensional changes in the metal
structures. Then, the specimens passed through the process of disintegration, finishing and
blasting with aluminum oxide of granulation 100 micron and pressure of 60 lbs / in2, finalizing
the process of obtaining the metal structure (n = 3).

For the load tests, epoxy resin models were made (n = 15). Each metal bar was adapted and
fixed in the master model with the help of a long screw (Conexão, São Paulo, Brazil) (Figure 1)
and transfer impression was performed with Express addition silicone (3M-ESPE). In the
impression, four miniconical replicas (Conexão, São Paulo, Brazil) were adapted and epoxy resin
(F160, Axson, Brazil) was poured. For each bar, 5 models were obtained, forming the
experimental groups called Group G10, Group G15 and Group G20, according to the extension of
the cantilever (10, 15 or 20 mm).

Figure 1. Metal infrastructure adapted on the master model.

Each metal structure was fitted onto its epoxy resin cast and screwed using a digital torque
wrench (TQ 680 - Instruterm Instrumentos de Medição Ltda - São Paulo, SP, Brazil), with 10
Ncm, following the sequence 2-4-3-113 (Figure 2). After 10 minutes of the preload, the screws
were again torqued, as recommended by the manufacturer for gold and titanium screws11. A
single examiner was calibrated to perform the torque and detorque of the screws, standardizing
the speed of the procedures.
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Figure 2. Epoxy Resin cast and metal infrastructure. Blue numbers indicate the position of the implants;
Red numbers indicate the load application distance (markings on the framework were made with a milling
cutter).

Three models of epoxy resin with 3 metal structure with 10, 15 and 20mm cantilever,
respectively, were positioned in the mastication simulation machine (MSM-Elquip Equipamentos
para Pesquisa Odontológica, São Carlos/SP, Brazil). In each metal structure, a 120 N cyclic vertical
load was applied at a distance of 10, 15 or 20 mm from the center of the last implant on the right
side of the bar. During the course of the test, the models with the respective metal structure were
kept in distilled water, with temperature variation of 5-55 degrees Celsius. Two hundred and fifty
thousand mechanical cycles were performed with a frequency of 2 Hz that simulates a masticatory
activity corresponding to 3 months11,14. (Figure 3).

Figure 3. Metal infrasctrutures and the epoxy resin casts on the test machine.

The assay was repeated, with one element from each group, until all models/metal structure
were thermocycled.
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Immediately after the thermocycling test, with a digital torque wrench (TQ 680 - Instruterm
Instrumentos de Medição Ltda - São Paulo, SP, Brazil) inserted in the screws, in the sequence 24-1-3, the value of the detorque of each screw from the metal structure were obtained.

RESULT
The results showed that screws, in all groups, presented torque loss after mechanical
thermocycling, simulating 3 month-masticatory activities.

Two-way ANOVA and Tukey post-test showed no significant difference between groups
(p<0.001) and between implants (p= 0.038) and the interaction between implant-group showed
no significance.
Table 1 shows the mean and standard deviation of torque loss between groups. The group
G10 showed greater loss torque and statistically different from groups G15 (p=0.001) and group
G20 (p=0.002). It was observed no difference between G15 and G20.
Table 1. Mean (standard deviation) of torque loss between groups and statistical comparisons
Group

Torque Loss

G10

4.50 (0.74)a

G15
G20
p

Same letters indicate statistical similarity.

a,b

3.47 (1.06)b
3.54 (0.87)b
<0.001

DISCUSSION
The implant prosthesis type Branemark protocol is universally accepted for the
rehabilitation of complete edentulous3,4. This is a type of prosthesis that uses a distal extension,
usually bilaterally, with a variable extension called cantilever.

The lever arm is considered one of the causes of mechanical problems in the prosthesis,
implants and bone tissue, when forces are applied to the cantilever. One of these problems is the
loosening of the prosthesis fixation screws5,6. Some studies reported that 49% of the screws of
implant prosthesis type Branemark protocol were lost in the first two evaluation sessions10. The
length of the lever-arm increases tensile, compressive and shear forces, resulting in greater
stress on the prosthesis. To reduce the effect of these factors, a large resistance arm is desirable,
obtained with placement of anteriorly implants15. Therefore, this high percentage indicates the
need to think about clinical actions and the time interval for prosthetic reassessment. This work
had the objective of verifying the behavior of the screws of fixation of metal structures after
mechanical thermocycling simulating a masticatory activity corresponding to 3 months. This
was performed by means of analysis of the torque and detorque measurements of the
prosthesis screws.
The torque loss represents, in this study, the difference between the final torque and the
torque required to fully loosen the metal structure screws. All groups showed results in which
the mean value of detorque was lower than the initial tightening, i.e. the screws were loosened
during the experiment. This result is in agreement with other studies11.

It was observed that the G10 group presented greater torque loss than the G15 group (p = 0.001)
and G20 group (p = 0.002), contradicting the study hypothesis. There was no difference
between the G15 and G20 groups (p = 0.957), that is, the torque loss values were similar. In the
literature, there are studies about cantilever with different extensions submitted to several
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research protocols16. The analysis of the torque loss related to the cantilever extension may be a
parameter to be considered in the planning of an implant prosthesis, especially because
patients, frequently, request a prosthesis with a similar length to the natural dentition.

In the present study, the physical response to the applied occlusal load was the loosening of
the screw that retains the metal structure to the prosthetic component and this condition
occurred in all experimental groups, regardless of the cantilever extension. These results are,
clinically, very important, because the screw loosening may lead to loss of the sealing and allow
bacterial growth17, as well as more serious complications18 such as granulation tissue growth
between the implant and the abutment, possibly resulting in fistula, biofilm deposition between
the abutment and the prosthesis19 and fracture of prosthetic components or bone loss around
the implant11.
Screw loosening is a frequent complication of implant prosthesis5,6. The process of screw
loosening occurs in two stages. Initially, mastication or other external forces cause sliding of the
screw threads, relieving the preload of the screw. At this stage, the higher the preload, greater
the resistance to screw loosening. The second stage is reached by a gradual reduction of the
preload below a critical level, that is able to cause damage to the screwed bolt9.

Studies evaluating the preload loss on prosthetic screws, over time, found a reduction of
24.9% after 15 hours, and of these, 40.2% loosened after 10 seconds of tightening20. Then, in
this study, before each metal strucuture was submitted to the test, all the screws received
torque of 10 Ncm and, after 10 minutes, were re-tightened with the torque wrench to confirm
and reach 10 Ncm. This was a strategy used to maintain the torque, as close as possible to
10 Ncm at the beginning of the tests, as proposed in the studies of Breeding et al.21 and
Dixon et al.8, and as a clinical practice by Siamos et al.14.

The torque loss presented in the shortest cantilever extension group (G10) presented higher
than that of the other groups, and had a different finding in relation to other studies that
reported a higher risk of complications in a longer cantilever5,6 or even no related difference17.
More studies are necessary to verify if the higher torque loss in this group could be related to
the minimization of the problems in the prosthesis or in the abutment/implant closest to the
load application site.

In this study, it was possible to note that the metal structure of G20 presented, visually
during the test, more deflection than the G10. This increased deflection could cause lower load
on the screw, similar to the work of Jacques et al.13 with the Ag-Pd structure. The group G10
presented greater loosening of the screws. This result could be because the smaller lever arm
produces less bar deflection and consequently greater overload on metal structure screws.

The loosening of screws with several implants may indicate overloading in another until it
also loosens7 and so on. This can happen successively to the release of all or a fracture of some,
when the professional or the patient notices what happened, but possibly not every fractured
screw indicates of being overloading.
In the test, the metal structure was subjected to the load of 120 N, on the right side, in a site
located 10, 15 and 20 mm from the last implant. Screw number 4 presented the greatest torque
loss, probably due to its position at the extreme contralateral side to the force application,
contradicting Jemt22 who reported not having found a high incidence of forces on the
contralateral side.

Several studies also presented different results regarding the position of the implant,
reporting higher stress in the region of the implant closer to the loading point23,24 or no
difference in the loosening of the screws among different positions of implants12. However,
according to Jacques et al.13, the contralateral screws presented greater tension, a result similar
to that found in the present study, in which implant #4 presented greater torque loss.
Implants #2 and #3 showed intermediate torque loss. In a previous study13 with five abutments,
they found that # 1, # 4 and # 5 abutments were subjected to a mixture of tensile and
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compressive forces, whereas # 2 and # 3 abutments were subject to high levels of stress. Other
studies have found that all abutments received compressive or tensile loads, more or less
intense, depending on their proximity to the force application site12,25. Greco et al.26 verified that
the maximum stress values on the structure occurred when forces were applied in the distal
portion. By visual inspection, deflection was verified in all the cantilever of the metal structures
tested. Considering that it is a rigid and unique part under compressive force at one end, it is
assumed that the other end receives tensile forces.

It is important to point out that in this study, the differential in the methodology was that the
metal structures were obtained conventionally in the gypsum model, however, the tests were
performed with the metal structures adapted to the polyurethane model that were obtained
using the metal structures themselves, therefore, theoretically, providing an optimal adaptation,
close to passivity. This fact may be related to obtaining different results from those of other
works and in this way, suggesting the need for further research on the subject. The clinical
implication of this work is that the loss of torque and subsequent loosening of the screw may go
unnoticed by the professional and the patient, resulting in tensions on the other screws,
structural damage, release of the prosthesis and damage to the bone tissue.

Thus, by this simulated protocol of a 3 month use of the prothesis, the loss of torque in all
screws was verified, to a greater or lesser degree, in all bars. This signal that there is a need for
periodical reassessment of the prosthesis protocol independent of extension of the cantilever.

CONCLUSION
Based on the results obtained in this study that simulated a 3 month masticatory activity, it
can be concluded that all the screws presented torque loss, suggesting the need for periodical
evaluation to prevent failures in the treatment.
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